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Amplitude Modulation of EPSPs in Motoneurons in Response to a 
Frequency-Modulated Train in Single la Afferent Fibers 
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In anesthetized cats, single group Ia fibers were activated with 
a train of 52 stimuli whose interspike intervals were obtained 
from the discharge of a group Ia fiber in a walking cat (courtesy 
of Dr. G. E. Loeb, NIH). The EPSPs recorded in motoneurons 
to which the afferents projected were averaged in register 
(EPSP,, EPSP,, . . . , EPSP,,) in response to multiple presen- 
tations of the train at a rate (0.77 Hz) similar to the stepping 
rate of the cat. Amplitudes of these averaged EPSPs were found 
to be highly variable, depending both on afferent discharge rate 
and history of activation. The initial EPSP was generally po- 
tentiated, and EPSPs in the high-frequency (> 200 Hz) middle 
portion of the train were generally reduced in amplitude. Con- 
nections at which the first EPSP was most potentiated tended 
to be those which showed the most depression of EPSP ampli- 
tude during the high-frequency portion of the train. Thus, at 
some connections, modulation of EPSP amplitude during the 
frequency-modulated train was much greater than at other con- 
nections. In general, the extent of modulation was greater on 
low-rheobase motoneurons than on high-rheobase motoneurons. 
We suggest that these differences in transmission permit type 
S (i.e., low-rheobase) motoneurons, which on average generate 
the largest EPSPs, to reach threshold at low levels of input (size 
principle) but prevent excessive depolarization due to temporal 
summation during high-frequency stimulation. 

Numerous studies in sensory physiology have demonstrated 
that coding of stimulus parameters is accomplished in part by 
frequency modulation of the neuronal discharge (reviewed in 
Somjen, 1972). Similar principles appear to operate on the mo- 
tor side of the nervous system at several different levels, e.g., 
the motoneuron (reviewed in Burke, 198 1) and the motor cortex 
(reviewed in Evarts, 198 1). A question that has received much 
less attention is the manner in which frequency-modulated dis- 
charges in presynaptic fibers are transmitted across the various 
synaptic relays intercalated in the neural pathways, in particular, 
the uniformity of such transmission. 

This issue can be approached experimentally in a convenient 
way at the connection made by group Ia afferent axons supplying 
primary muscle spindle receptors on alpha-motoneurons. It is 
now well established that single group Ia fibers branch profusely 
to synapse on virtually all of the motoneurons of the homon- 
ymous motoneuron pool (Mendell and Henneman, 1971; see 
review in Henneman and Mendell, 198 1). The motoneuron pool 
is heterogeneous, with some cells supplying slowly contracting 
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motor units, type S, and others innervating fast contracting 
motor units, types FF and FR (see Burke, 198 1, for a review). 
The motoneurons innervating these motor units can be distin- 
guished with a relatively high degree of reliability by measuring 
their rheobase. Type S motoneurons exhibit values of rheobase 
lower than 10 nA and type F units have rheobase values typically 
greater than 10 nA, with some overlap (Fleshman et al., 198 1 a; 
Zengel et al., 1985). Thus, experimentally one can ask whether 
synapses made by Ia fibers on these diverse alpha-motoneurons 
have similar properties during stimulation at physiological fre- 
quencies. 

In recent work from this laboratory single group Ia axons 
were stimulated by an intrafiber electrode, and the resultant 
EPSPs were recorded in homonymous alpha-motoneurons to 
which they projected (Collins et al., 1984; Davis et al., 1985; 
Honig et al., 1983). This technique permitted stimulation at the 
high frequencies (> 100 Hz) that recordings from group Ia fibers 
in walking animals have revealed to be common (Loeb and 
Duysens, 1979; Prochazka et al., 1976, 1977). The principal 
finding of these experiments was that la fiber/alpha-motoneuron 
connections differed substantially in the way in which they trans- 
mit such high-frequency impulse trains. Connections generating 
small EPSPs tended to produce successively larger EPSPs up to 
some plateau value during high-frequency stimulation, a phe- 
nomenon we have termed “facilitation” (Collins et al., 1984b). 
Similarly, large EPSPs exhibited a tendency to diminish in am- 
plitude during the same high-frequency stimulus trains, an effect 
referred to as “depression.” Such connections are distributed in 
a nonrandom way to type S and type F motoneurons (Collins 
et al., 198413; Fleshman et al., 198 la). Thus, these differences in 
response to high-frequency stimulation are distributed in a non- 
random manner in low- and high-rheobase motoneurons (see 
Fig. 6B in Collins et al., 1984b). More recently, we have found 
that potentiation of transmission that follows such high-fre- 
quency stimulation differs in magnitude and time course in 
accordance with the amplitude of the EPSP (Davis et al., 1985). 
Such studies indicate that transmission from Ia fibers to the 
different motoneurons of a pool could be quite different both 
during and after high-frequency bursts of physiological fre- 
quency. 

One problem with assessing the physiological relevance of 
such experiments is that single frequencies of stimulation were 
used. During locomotion, the discharge rate of single Ia fibers 
varies considerably, with the highest frequencies being achieved 
for only a few impulses. Thus, we have here adopted a different 
strategy: Instead of delivering bursts at constant frequencies 
(Collins et al., 1984b, Honig et al., 1983) we use frequency- 
modulated discharge patterns taken directly from hindlimb 
spindle discharges recorded from a walking cat. These results 
have been presented in abstract form (Collins et al., 1984a). 

Materials and Methods 
These experiments were carried out in 10 anesthetized cats (Nembutal 
35 mg/kg + supplementary doses to maintain areflexia). The lumbar 
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Figure 1. Diagram of the preparation 
illustrating the approximate position- 
ing of the microelectrodes used for si- 
multaneous intracellular penetrations 
of medial gastrocnemius motoneuron 
and Ia afferent fiber. 
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enlargement was exposed by laminectomy and an S 1 dorsal root filament 
exhibiting stretch-evoked activity from the medial gastrocnemius (MG) 
muscle was isolated in continuity on recording hooks (Fig. 1). An MG 
motoneuron identified by antidromic activation of the dissected MG 
muscle nerve was impaled using 3 M KC1 micropipettes. A second 3 M 

KC1 electrode was then lowered into the dorsal root until an MG group 
Ia fiber was impaled. In most cases, stimulation of such a group la fiber 
resulted in an EPSP in the impaled motoneuron (see Henneman and 
Mendell, 198 1, for a review of the extent of the group Ia fiber projection 
to homonymous motoneurons). At each connection we first measured 
the amnlitude of the EPSP nroduced bv low-freauencv (18 Hz) stimu- 
lation of the Ia fiber and the rheobase of the motoneurdn (see ‘Collins, 
et al., 1984b). 

Each connection was then subjected to a pattern of frequency-mod- 
ulated stimulation. This pattern, provided by Dr. G. E. Loeb (Labo- 
ratory of Neural Control, NIH), was derived from the discharge of a 
vastus medialis primary spindle afferent recorded from an intact cat 
while it walked on a treadmill. It was chosen to be a representative of 
spindle discharge from extensor muscles during walking. It consisted of 
a 550 msec train of 52 impulses with intervals ranging from about 5 to 
75 msec (Fig. 2). These impulses were delivered to the afferent fiber 
using a microcomputer (Aim 65, Rockwell International). The pattern 
was repeated 64-256 times with an interval of 800 msec between the 
end of one train and the beginning of the next to match the stepping 
rate of the animal on the treadmill. The EPSPs were averaged in register 
(lst, 2nd,. , . , 52nd) to allow accurate determination of the mean am- 
plitude of each EPSP. 

Results 
The same pattern of stimulation was presented at 24 Ia-mo- 
toneuron connections. The response averaged in register at one 
of these connections is shown in Figure 2, with the timing of 
the stimuli given below. The mean EPSP amplitude was not 
constant during this train of stimulation, and the modulation 
of EPSP amplitude during the frequency-modulated train varied 
at different connections (Fig. 3-see below). In some cases (not 
illustrated), there was considerable DC shift in the membrane 
potential during the burst. This occurred primarily at connec- 
tions with EPSPs exhibiting large half-widths (Mendell and Col- 
lins, 1983). We demonstrated previously that changes in EPSP 
amplitude are not caused by shifts in membrane potential (see 
discussion in Honig et al., 1983). In the present sample we 
detected no correlation between EPSP half-width and the extent 
of modulation of EPSP amplitude. 

Figure 3 presents examples of amplitude modulation at two 
connections. On the left, the mean EPSP amplitude evoked by 
each stimulus is displayed as a function of time during the train. 
Note that the amplitude could fall during the high-frequency 
portion of the train (Fig. 3A). The extent to which it fell was 

highly variable. At other connections (e.g., Fig. 3C), EPSP am- 
plitude was virtually unchanged during the frequency-modu- 
lated train. To the right of each of these graphs, the EPSP am- 
plitudes generated at these connections are displayed as a function 
of the instantaneous frequency immediately preceding each 
stimulus (Fig. 3, Band D). This demonstrates even more graph- 
ically the extent to which individual Ia fiber/alpha-motoneuron 
connections differ in the way they process these identical trains 
of frequency-modulated discharge patterns. At some connec- 
tions there was a dramatic decrease in EPSP amplitude as fre- 
quency increased (Fig. 3, A and B), whereas at others little or 
no difference in EPSP amplitude was observed (Fig. 3, C and 
D). 

It should not be construed from records such as Figure 3B 
that modulation of EPSP amplitude depended solely on instan- 
taneous frequency. The response could also depend on the cu- 
mulative effects of the multiple stimuli, as indicated in previous 
experimental work with bursts of trains of a single frequency 
(Collins et al., 1984b; Honig et al., 1983). In those experiments, 
we observed progressive changes in EPSP amplitude during such 
repetitive stimulation. This question was examined in the pres- 
ent work by averaging the EPSPs produced by 16 stimuli during 
the high-frequency portion of the frequency-modulated burst 
(stimuli 17 to 32) under two separate conditions: (1) embed- 
ded in the burst of 52 stimuli and (2) in isolation, i.e., in the 
absence of the other 36 stimuli. Thus, in the “embedded” case 
the response to the 16 shocks could be determined both by 
instantaneous frequency and by the history produced by the 
preceding stimuli. In the “isolated” case, the preceding (and 
subsequent) stimuli were absent. Thus, although the interstimu- 
lus intervals were the same as in the “embedded” case, there 
was a clear difference in the preceding history. 

Two general patterns were observed. In one (Fig. 4, C and 
D), EPSPs in the isolated case were considerably larger than 
those in the embedded case in response to each stimulus in the 
series. In the second (Fig. 4, A and B), EPSP amplitudes in the 
isolated case were approximately equal to those in the embedded 
case. These plots are shown mainly to emphasize the point that 
the relationship between EPSP amplitude and instantaneous 
stimulus frequency could be altered to a significant extent by 
the preceding history of stimulation. At none of the five con- 
nections studied in this way was the sign of the slope of the 
amplitude-frequency relationship affected by changing the his- 
tory. The technical limitations inherent in these experiments 
requiring simultaneous penetrations of afferent fiber and alpha- 
motoneuron precluded a more extensive study of this phenom- 
enon. 
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A more quantitative approach to the amplitude modulation 
was undertaken, the results of which are displayed in Figure 5. 
We compared the amplitude of the EPSP generated at the be- 
ginning of the train, during the high-frequency portion of the 
middle of the train, and at the end of the train, to the amplitude 
of the control EPSP averaged at a different time using 18 Hz 
stimulation. We found that the initial EPSP (which in fact occurs 
800 msec after the end of the previous train) was generally (20/ 
24) larger than the amplitude obtained during low-frequency 
(18 Hz) stimulation (Fig. 54). At the highest frequency portion 
of the train we observed that EPSP amplitude (mean of EPSPs 
23-27, j&,; IS1 5.2, 5.5, 5.3, 5.4, 6.3 msec) had usually (21/ 
24) fallen below the value obtained during regular, low-fre- 
quency (18 Hz) stimulation (Fig. 5B). Near the end of the train 
(mean of EPSPs 45-49, ,i&+,; IS1 10.7, 10.6, 10.6, 10.6, and 
10.6 msec) EPSP amplitude had recovered close to the value 
observed during low-frequency (18 Hz) stimulation, although it 
was still slightly depressed on average (Fig. 5C). 

These results indicate that EPSP amplitude could increase or 
decrease during different portions of the frequency-modulated 
train of stimulation. Figure 5 suggests that connections with 
large EPSPs exhibited the greatest absolute increase in EPSP 
amplitude at the beginning of the train (EPSP,) and the greatest 
absolute decline in amplitude during the high-frequency portion 
of the train (i&,). However, we found no relationship between 

fractional increase or decrease in amplitude (i.e., EPSP,/control; 
F,,_,,lcontrol) as a function of control amplitude (not illustrat- 
ed). We examined this question more closely by computing the 
following ratios: EPSP,/P~~-~~, which is an estimate of poten- 
tiation in EPSP amplitude at the beginning of the train, and 
ji23-27/ii45-49, which is an estimate of the depression in amplitude 
during the middle (high-frequency) portion of the train. The 
advantage of using ,i&,9 instead of the amplitude at 18 Hz (as 
in Fig. 5) is that it is an internal control (i.e., obtained during 
frequency-modulated stimulation), and therefore these ratios 
represent directly the extent of modulation in either direction 
during the frequency-modulated train. We found (Fig. 6) that 
connections with the greatest degree of potentiation after the 
burst (ordinate) were, on average, those that depressed to the 
greatest extent during the burst (abcissa) (Spearman rank cor- 
relation, r = -0.42, p < 0.05). In other words, at some con- 
nections there was little modulation of EPSP amplitude (right- 
hand side of Fig. 6), whereas at others the modulation was 

substantial, with the initial EPSP being potentiated and the 
EPSPs evoked at high frequency being depressed (left-hand side 
of Fig. 6). The results obtained using the amplitude during 18 
Hz stimulation instead of ,i&-49 as a control were similar but 
did not reach statistical significance. 

We investigated whether the total extent of modulation dif- 
fered systematically at different connections (Fig. 7). We cal- 
culated the modulation as the ratio of the first EPSP in the burst, 
generally the largest one, to ,i&,, representing the response 
during the highest frequency of stimulation. We found that EPSPs 
generated in cells with high rheobase exhibited little modulation. 
No cell with rheobase > 14 nA showed modulation > 1.5. Cells 
with rheobase ~8 nA exhibited modulation > 1.3 and often 
> 1.5. Modulation was found to be correlated significantly with 
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Figure 3. EPSP amplitude modulation during frequency-modulated 
stimulus trains. The results at two connections in different preparations 
are illustrated, one in A and B and the other in C and D. A and C, EPSP 
amplitude plotted as a function of time from the first stimulus in the 
burst. B and D, Same data plotted as a function of instantaneous fre- 
quency (defined as reciprocal of previous interval). The graphs in Band 
D suggest that the modulation in EPSP amplitude at a given connection 
can be strongly (B) or weakly (D) related to the frequency of stimulation. 
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F&u-e 4. Effect of prior history on 
EPSP amplitude during frequency- 
modulated stimulation. EPSPs 17-32 
were evoked under two different con- 
ditions: (1) the shocks evoking EPSPs 
17-32 were embedded within the 52 
shock frequency-modulated train (i.e., 
normal stimulation; closed circles), or 
(2) stimuli evokina EPSPs 17-32 were 
presented alone 0; “isolated” without 
any other stimuli; open circles; see text) 
Data from two connections are illus- 
trated, one in A and B and the other in 
C and D. EPSP amplitude is plotted as 
a function of stimulus timing (4, C) and 
instantaneous freauencv (C, D). Note 
for the connection illustrated in B and 
D that EPSP amplitudes were much 
more a function of history than instan- 
taneous frequency, whereas at the other 
connection (A, C) history played a much 
less prominent role than frequency. 
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rheobase (Spearman rank correlation, r = -0.44, p < 0.05) but 
not with EPSP amplitude. Thus, the degree of modulation under 
this stimulation condition seems to be partially dependent on 
the properties of the motoneuron on which the synaptic con- 
nection is made, presumably through its influence (e.g., trophic) 
on presynaptic terminals), but not on the strength of the con- 
nection itself. Separate evaluation of potentiation (EPSP,IF~~-~~: 
ordinate of Fig. 6) and depression (j&2,&,-49: abscissa of Fig. 
6) as a function of rheobase revealed a negative correlation 
between EPSP&-,, and rheobase (Spearman r = -0.49, p < 
0.02) and a positive correlation between ,!i23-27/fiL45+,9 and rheo- 
base (Spearman r = 0.35, p < 0.15), but as discussed above in 
conjunction with Figure 5, no correlation with amplitude was 
seen (Spearman I r\ < 0.2, p > 0.1). 

Discussion 
The present studies demonstrate the importance of using nat- 
urally occurring patterns of discharge to analyze synaptic func- 
tion. Previous work has been carried out using single frequencies 
of stimulation. Although such studies indicated that EPSP am- 
plitude is a function of stimulation frequency (Collins et al., 
1984b; Curtis and Eccles, 1960; Honig et al., 1983; Luscher et 
al., 198 l), the physiological role of such modulation has always 
been uncertain. One key advance allowing the present studies 
to be carried out is the technically demanding procedure of 
recording impulse patterns in fibers innervating identified mus- 
cle receptors in walking cats (Loeb and Duysens, 1979; Pro- 
chazka et al., 1976). We delivered one such pattern repetitively 
to single afferent fibers and found that amplitude modulation 
of EPSPs occurs when natural patterns of Ia fiber activation 
(i.e., frequency modulated) are used. 

The amplitude modulation we have observed is complex and 
involves several processes. One process seems to cause reduc- 
tion of EPSP amplitude during high-frequency stimulation, 
whereas another results in potentiation of EPSP amplitude fol- 
lowing the train (as indicated by the increased amplitude of 
EPSP,). Furthermore, there appears to be some correlation among 
these processes, such that connections exhibiting the most po- 
tentiation are those that depress the most during the train. This 

pattern of stimulation seems to evoke a much greater degree of 
amplitude modulation of EPSPs at some connections than at 
others. The connections at which this modulation are greatest 
are on low-rheobase motoneurons. 

The functional significance of the complex pattern of ampli- 
tude modulation can only be speculated on at present. It may 
mean that at the onset of the frequency-modulated train, the 
greatest synaptic drive is provided to low-rheobase motoneu- 
rons supplying type S motor units (Fleshman et al., 198 la) 
because of both the larger EPSPs in such cells (Fleshman et al., 
198 1 b) and the greater level of potentiation of these EPSPs (see 
below). Thus, the recruitment of these motoneurons would be 
favored, as previously shown for the motoneurons of slowest 
conduction velocity (see review in Henneman and Mendell, 
1981) or smallest twitch tension (Milner-Brown et al., 1973; 
Zajac and Faden, 1985), both of which are putatively type S 
units. As the frequency of afferent drive increases, EPSP am- 
plitude decreases primarily in low-rheobase motoneurons. We 
do not know whether this effect is sufficiently large to reverse 
recruitment order, i.e., cause type S motoneurons to stop firing, 
leaving type F motoneurons still active. A more conservative 
hypothesis derives from the supposition that temporal sum- 
mation during high-frequency activation would cause type S 
motoneurons, which on average generate larger EPSPs and have 
longer time constants (Fleshman et al., 198 la, b), to depolarize 
to a much greater extent than type F motoneurons, which de- 
velop smaller EPSPs. This depolarization oftype S motoneurons 
could be excessive in the sense that it might render the moto- 
neuron insensitive to postsynaptic inhibitory influences. The 
differences in EPSP modulation might be viewed, then, as a 
mechanism whereby the Ia fiber, whose inputs are distributed 
to virtually all motoneurons in the homonymous pool (Flesh- 
man et al., 198 lb; Mendell and Henneman, 197 l), could pro- 
vide the appropriate intensity of synaptic drive to these diverse 
motoneurons over a wide range of frequency of afferent dis- 
charge. In other words, type S motoneurons would be favored 
at the onset, i.e., be recruited first, but would not be driven 
excessively during the high-frequency portion of the afferent 
discharge. Such speculations concerning the applicability of these 
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Figure 5. A, Graph of the amplitude of the averaged first EPSP in the 
burst (EPSP,) versus the amplitude of the averaged EPSP during control 
(18 Hz) stimulation. Note that the first EPSP in the burst is usually 
larger in amplitude than the EPSP during control stimulation (poten- 
tiation). B, Graph of average amplitude of five EPSPs (23-27) during 
the high-frequency portion (average instantaneous frequency = 174 Hz) 
of the burst nlotted as a function of the amplitude of the EPSP averaged 
during control stimulation. In most cases; EPSP amplitude during ;he 
high-frequency portion of the burst is less than during the 18 Hz stim- 
ulation (deoression). C, Granh of the average amulitude of five EPSP 
(45-49) ‘evoked during the iow-frequency (average instantaneous fre- 
quency = 92 Hz) portion of the end of the burst. These values were 
very similar to those seen using control stimulation. The line in the 
three graphs indicates equality of EPSPs during the burst (i.e., EPSP,, 
pzf2)., fid5-& to the control EPSP. 

findings to normal function depend on the assumption that the 
differences we have observed are not a consequence of the deep 
barbiturate anesthesia used here. 

Our previous data indicate that high-frequency activation of 
group Ia fibers converging on the same motoneuron tends to 
elicit similar patterns of amplitude modulation (Honig et al., 
1983). Thus, the differences in EPSP amplitude modulation 
described in the present work, which are modest at the level of 
single connections, would tend to be magnified by the conver- 
gence of 50-60 group Ia afferents onto each motoneuron. 

The processes that appear to be operating here are qualita- 
tively similar to those we have observed previously using short 
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Figure 6. Relationship between EPSP potentiation and depression 
during frequency-modulated trains of stimulation. Potentiation is rep- 
resented by the ratio of EPSP, (generally the largest EPSP in the burst) 
divided by the average amplitude of EPSPs 45-49 (&J. The average 
amplitude of EPSP 45-49 was used because this value was verv close 
to that ofthe control (i.e., 18 Hz) EPSP (Fig. 5C) and because it provided 
an internal control (i.e., it was obtained from EPSPs occurring during 
the burst). Denression is reoresented bv the average of EPSPs 23-27 
(&-2,), the smallest EPSPs in the burst, divided b‘y p,,-,,. The graph 
shows that the connections that potentiated the most also exhibited the 
most depression (Spearman rank correlation r = -0.42, p < 0.05). 

(32 shocks), high-frequency bursts of a single frequency (167 
Hz). During such bursts one can observe either a decrease 
(depression) or an increase (facilitation) in EPSP amplitude (Col- 
lins et al., 1984a; Honig et al., 1983). It seems likely that both 
processes actually occur simultaneously, with the observed 
change being the net result (Collins et al., 1984b). Under the 
present conditions of stimulation we have noted a greater net 
depression, but this may be a consequence of the different mode 
of stimulation, e.g., the gradual increase in frequency of stim- 
ulation rather than the abrupt increase in stimulation frequency 
that necessarily occurs when bursts of single high frequency are 
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Figure 7. Extent of EPSP amplitude modulation as a function of mo- 
toneuron rheobase. Modulation of EPSP amplitude during the stimu- 
lation train is represented by the ratio of EPSP, to the average of five 
EPSPs occurring during the high-frequency portion of the stimulus train 
(fi2X_2,). The greatest amount of modulation was seen at connections on 
small rheobase motoneurons. Modulation was significantly correlated 
with motoneuron rheobase. (Spearman rank correlation r = -0.44, p < 
0.05.) 
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used. These differences in stimulation parameters may also ac- 
count for the puzzling finding that these variables were related 
to motoneuron rheobase but not EPSP amplitude, in contrast 
to our previous results (Collins et al., 1984b). The potentiation 
observed in the present experiments is qualitatively similar to 
that observed after single, high-frequency (167 Hz) bursts (Davis 
et al., 1986) but is of smaller magnitude, despite instantaneous 
frequencies approaching 200 Hz; presumably this occurred be- 
cause the mean frequency of stimulation (93 Hz) was lower. 
Our results indicating that this process is observed after impulse 
trains similar to those occurring under physiological conditions 
suggest that potentiation is important in determining synaptic 
strength during normal motor behavior. 

Other workers have reported that posttetanic potentiation is 
greatest on low-resistance motoneurons (Lev Tov et al., 1983; 
Luscher et al., 1983), which tend to have high values ofrheobase 
(Fleshman et al., 1981a). This is in apparent contradiction to 
our finding that potentiation, defined as EPSPi/p, was negatively 
correlated with motoneuron rheobase, i.e., connections with high 
values of potentiation were on motoneurons with low values of 
rheobase. These differences in the distribution of potentiation 
can be explained by the results of experiments in which single 
Ia fibers were repeatedly stimulated with short, high-frequency 
bursts, followed by a single test shock during the 2 set interburst 
interval (Davis et al., 1985). It was found that the maximum 
value of potentiation was achieved within 100 msec after the 
burst, and this maximum potentiation was greatest in high- 
rlieobase motoneurons (as expected from the work of Luscher 
et al., 1983, and Lev Tov et al., 1983). However, potentiation 
decayed more quickly in high-rheobase motoneurons, such that 
at 2 set after the burst, potentiation was greatest in small rheo- 
base motoneurons, i.e., the relative magnitude of potentiation 
in different motoneurons reverses in the period from 50-100 
msec to 2 sec. Thus, in the present experiments, we presume 
that the distribution of potentiation in motoneurons 800 msec 
after the burst approaches more closely that seen 2 set after the 
burst than 50-100 msec after the burst. Under these conditions, 
the order of recruitment at train onset established by the dis- 
tribution of EPSP amplitudes would be accentuated by the dis- 
tribution of potentiation, rather than being reversed (see Zajac 
and Faden, 1985, p. 1318). 

These results support the contention that EPSP amplitude is 
not fixed at a given connection. This conclusion had been reached 
previously using high-frequency bursts (Collins et al., 1984b; 
Davis et al., 1985), but the applicability of this finding to phys- 
iological function could not be established with certainty. The 
ability to analyze synaptic function using more natural stimu- 
lation parameters has revealed that these modulatory mecha- 
nisms operate even in response to realistic frequency-modulated 
inputs. However, they are not the same at all connections, since 
some experience a much greater degree of EPSP amplitude mod- 
ulation than others. Taken together, these findings imply that 
the amplitude of an EPSP established during low-frequency 
stimulation cannot be used to establish the “strength” or “ef- 
ficacy” of a particular connection that applies under all condi- 
tions. From a more functional point of view, one can infer that 
different connections made by the same afferent on different 
motoneurons can exhibit very different transmission properties, 
although this remains to be proven directly by studying the 
projection from one afferent to many different motoneurons. 
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