
INTRODUCTION 
Learning & Memory are related to synaptic efficacy. Our laboratory has 
been studying short-term synaptic efficacy at the frog 
neuromuscular junction, using the sciatic nerve/gastrocnemius 
muscle of the grass frog (Rana pipiens).  Synaptic efficacy refers to 
the fact that the strength of a synapse is dependent on its immediate 
functional history.  Our study is an integrative physiological one in 
which the entire N/M preparation is regarded as a single population 
of synapses with the motor nerve terminals being the presynaptic 
cells and the muscle fibers being the postsynaptic cells. 
 
 
 
 
   
 
 
 
 
 
In order to convert the  N/gastrocnemius preparation into a 
physiological system for studying synaptic efficacy, the safety factor 
of neuromuscular transmission must be reduced considerably.  This 
can be accomplished through one of two procedures:  1.) the 
induction of synaptic fatigue or 2.) neuromuscular blockade by 
curare. As a result of a reduced safety factor, the population 
response (muscle twitch) is reduced by 85-95%.   That means that 
about 85-95% of the nerve/muscle synapses are in the subliminal 
fringe, waiting for the proper conditions to arise so that they can 
reach threshold and contract.  Increases in synaptic efficacy can 
provide such conditions. Changes in muscle twitches represent 
changes in the recruitment of muscle fibers.  There are only two 
changes in synaptic efficacy:  a decrease or depression or an 
increase or facilitation. 

DEPRESSION or FADE 
The purpose this poster is focus on lowering the safety factor due to 
the action of curare. Curare is distributed to each of the nerve/
muscle synapses in the thick gastrocnemius via the microcirculation.  
This is accomplished by injecting a bolus of curare into the dorsal 
lymph sac of a frog that had been recently pithed.  
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Muscle Chamber - 
The preparations were 
bathed in  normal frog 
R i n g e r ’ s s o l u t i o n 
(pH=7.1).  !

FADE:!
!CURARE INJECTION INTO THE !
!DORSAL LYMPH SAC!

NO FADE:!
CONTROL:  WHEN THE SAFETY FACTOR FOR NEUROMUSCULAR 
TRANSMISSION IS NOT REDUCED, TWITCHES DO EXHIBIT FADE.!

FADE IS REPRODUCIBLE!

Three trains are shown with FADE (blue) being evident in each. The interval between trains was 2 
min, allowing for the preparation to recover from the previous FADE.  Each train consists of 5 
identical twin-stimulus pulses (lower trace, red) and 5 pairs of conditioning & test twitches (green). 
CT interval equals 330 ms.   
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applied to the sciatic nerve!
at a rate of about 1 Hz !
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Note:  The INTERVAL between the conditioning (C) and 
test (T) stimuli, the CT interval, is plotted on the abscissa. 

INCREASED SYNAPTIC EFFICACY RESULTS FROM SYNAPTIC FATIGUE !
BUT NOT FROM CURARE INJECTION INTO THE DORSAL LYMPH SAC.  !

!
THIS IS PARTICULARLY THE CASE WHEN RELATIVELY LONG CT INTERVALS ARE USED, !

SUCH AS THE 330 MS INTERVAL USED IN THE EXPERIMENT SHOWN HERE.!

Each example of FADE (Figs. 3 & 4) represents a 
progressive increase in depression during the train of four 
twitches. However, the underlying mechanisms are 
different. In one (Fig. 4), the release mechanism had been 
stressed, allowing one to argue that the FADE is a re-
instatement of synaptic fatigue due to a progressive 
depletion of the readily releasable pool (RRP); see also 
Figs. 6 & 7.  In the other, the transmitter release 
mechanism had not been stressed; only curare had been 
injected into the dorsal lymph sac.  The FADE shown in 
Fig. 3 is very similar to that observed in patients 
recovering from a curare-like muscle relaxant (Bowman, 
2006).  The mechanism is controversial with both 
presynaptic and postsynaptic mechanisms being proposed.  
The data shown in Fig. 3 appear to be more adaptable to a 
postsynaptic mechanism (Nagashima, 2013) than to a 
presynaptic one.  With 1 s between stimulus pulses why 
would it be necessary to assume a positive feedback to 
maintain transmitter release? 
!

FACILITATION 
Two stimuli, a conditioning (C) stimulus and a test (T) stimulus, are 
used to measure twin-pulse facilitation, which is determined as the 
ratio of peak contractions, i.e., the T/C ratio.  In order to observe 
trending, trains of five identical twin-pulses are applied to the nerve at 
a frequency close to 1 Hz; there are two min rest periods between 
trains (Figs. 5 & 6).  The interval between the C & T stimuli, the CT 
interval (ms), is constant for a given train (Fig. 7). In a typical 
experiment, 9 stimulus trains are tested; the values for the CT intervals 
(in ms) used and their sequence are as follows:  500, 500, 330, 200, 
120, 90, 60, 40, and 330.  All the data are obtained within 15 min.  
Generally, facilitation increases as the CT interval decreases (Fig. 9). 
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TWIN-PULSE TEST:  120 
ms separates the 1st & 2nd 
stimuli of each of the 3 
pairs to twin pulses (blue); 
the three test twitches are 
4-5 times greater than are 
their corresponding!

conditioning twitches.  Thus, the induction of synaptic fatigue was 
successful in increasing facilitation (see TEST, Fig. 4). 
!

CONCLUDING STATEMENT 
Administration of curare via the dorsal lymph sac provides a 
superior distribution route for curare as compared to when it is bath-
applied and must overcome significant diffusion barriers.  Of course, 
a bolus injection precludes a steady-state dose level from being 
attained, but, nonetheless, we have been able to observe FADE and 
to provide evidence for the absence of twin-pulse facilitation at 
relatively long CT intervals. The fact that twin-pulse facilitation for 
long CT intervals is present in synaptically fatigued preparations 
implies that certain aspects of the transmitter release mechanism are 
enhanced during the induction of synaptic fatigue.  
!

Injection of curare into the dorsal lymph sac clearly causes FADE, 
but the increases in synaptic efficacy are restricted to twin-pulse 
facilitation as seen with relatively short intervals (e.g., 10 ms or 20 
ms) between the two stimulus pulses.  Under such conditions, we 
have observed large increases in recruitment.  Our protocol utilizes 
longer intervals (CT intervals) so that twitch ratios can be 
determined.  Fig. 9 shows that the T/C ratios are near unity for CT 
intervals > 110 ms (blue line).  Fig. 10 shows that the C & T twitches 
are identical at a CT interval of 320 ms in a dorsal lymph sac-
injected preparation whereas the test twitch is about 80% higher for 
measurements made from a synaptically fatigued preparation.  
Finally, when curare is present in the bath during the induction of 
synaptic fatigue, the increases in synaptic efficacy are quite high at 
shorter CT intervals (orange line). 
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