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Abstract The H-reflex is depressed for seconds if elicitimit the size of the second H-reflex. At intervals from
ed following a single H-reflex or train of H-reflexes. Preabout 300 to 500 ms, there is a depression of the H-re-
synaptic inhibition from flexor afferents (tibialis anteriflex, of spinal cord origin, that slowly recovers back to
or) onto soleus la afferents elicited by either single mormal after several seconds, both in humans (e.g.,
trains of stimuli had no effect on the soleus H-reflex onGxone and Nielsen 1989) and in cats (e.g., Eccles and
time scale of seconds. Postsynaptic inhibition was aRall 1951). When a slow train of H-reflexes is elicited,
excluded by magnetic stimulation tests that showed tlia¢re is a gradual fall in the reflex amplitudes toward a
the excitability of the motoneuron pool was not changethteau. This low-frequency depression, seen both in hu-
at latencies within a range of seconds. Homosynaptic dens (e.g., Ishikawa et al. 1966, for lower limb; Roth-
pression localized at the presynaptic terminal seemswiell et al. 1986, for upper limb) and cats (e.g., Lloyd and
be the mechanism behind the H-reflex depression in Mison 1957), increases with the frequency of the train,

mans. but even slow trains such as at frequencies of 0.5 Hz and
1 Hz cause significant depression.
Key words H-reflex depression - Homosynaptic Low-frequency H-reflex depression has frequently

depression - Presynaptic inhibition - Spinal cord - Himla@en attributed to presynaptic inhibition of la afferents
(e.g., Calancie et al. 1993). This has been ascribed to the
inhibition of soleus la afferent terminals by la afferents
Introduction themselves through one or more interneurons. This same
mechanism has been proposed to explain the phenome-
The amplitude of the H-reflex depends on the history mén of inhibition of the soleus H-reflex by vibration of
previous activations even when all other variables d@ahe Achilles tendon (e.g., Delwaide 1973, 1993, in hu-
kept constant. For example, with paired stimulation toans; Gillies et al. 1969, in cat). This autogenetic pre-
elicit H-reflexes, the amplitude of the second soleus Blnaptic inhibition in la terminals is still an apparently
reflex depends on its latency with respect to the previaussettled issue in the cat (Decandia et al. 1967; Barnes
stimulus to the posterior tibial nerve (PTN; Taborikovand Pompeiano 1970; Fu et al. 1978), and it is certainly
and Sax 1969; Pierrot-Deseilligny et al. 1981; Crone acontroversial in humans, as the possible experimental
Nielsen 1989). Distinct factors contribute to changes nmanipulations are much more restricted. Nevertheless,
amplitude at different intervals of paired stimulation. ldata on soleus H-reflex depression by a tendon tap to the
the first 150-200 ms following the conditioning stimubiceps femoris tendon in humans suggest that in this
lus, there are changes in the excitability of the periphepaithway presynaptic inhibition would not last more than
nerve and the muscle tissue (Morita et al. 1993) that admbut 400 ms (Nielsen et al. 1995), which suggests that
to spinal cord changes. At longer latencies, peripheral lpiager duration H-reflex depressions should be attributed
fects have no influence and only spinal cord mechanistosother mechanisms. An explanation is that synaptic ac-
tivity itself (from la to motoneuron) leads to diminished
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the soleus la-motoneuron linkage by presynaptic inhilyi-that caused an H-reflex of about 20¥k,., on the ascending
tion. It is well known that flexors are a major source dmb of the recruitment curve was routinely used. The CPN was

S . : -1 Stimulated with a rigid bipolar electrode at the head of the fibula,
presynaptic inhibition, and indeed a short duration vibrgs,"crrent pulses at an intensity at the threshold for aa00-

tion applied to the tibialis anterior tendon causes a @geak-to-peak) M-wave from the tibialis anterior muscle. Testing
crease in soleus H-reflex amplitude at a latency aroundthe existence of presynaptic inhibition in each subject was
40-60 ms, which is attributed to presynaptic inhibitiofpne with a brief tetanus consisting of four current pulses at

. ; .- 250 Hz to the CPN applied about 50 ms before the stimulation of
(Ashby et al. 1987; Hultborn et al. 1987). This last fln@he PTN. Subjects that did not show a clear presynaptic inhibitory

ing is used in the present work to elicit presynaptic inkiftect at this latency were not tested for H-reflex depression.
bition on soleus la afferents from a nonsoleus origin

(from an antagonist flexor muscle). Instead of using a . i

tibialis anterior tendon vibration, we employed electric&fimulation paradigms

stimulation (a brief tetanus) to the common peronggy, 4 experiments, a conditioning stimulation was followed by a

nerve (CPN) to avoid the possibility of the vibration beest H-reflex, and subsequent conditioning trials were at least

ing picked up by the soleus spindles. 1 min apart. Four types of conditioning stimuli were used in the
By comparing the recovery of soleus H-reflex frorygrious experiments: (1) conditioning stimulation of the PTN

. . . nerve consisted of either single stimulation pulses or (2) a train of
depression with the effects on soleus H-reflex of a singl: pulses at frequencies of 0.5 Hz or 1.0 Hz. (3) Conditioning

lar conditioning to the common peroneal nerve, we Shﬁﬁnulation of the CPN nerve consisted of either a single tetanus
be testing directly the hypothesis that presynaptic inhibi-four pulses at 250 Hz or (4) a train of ten such tetani at frequen-
tion is the mechanism behind H-reflex depression in Higs of 0.5 Hz or 1 Hz. Test reflexes were evoked by a single pulse

: ; ; ; the PTN after a delay of 1-5 s after the last conditioning stimu-
mans, with the basic assumption that autogenetic or us pulse. For most experiments, trials with conditioning stimula-

mosynaptic presynaptic inhibition should have propertigs, of the PTN and CPN were alternated.
similar to presynaptic inhibition from other origins.

Magnetic stimulation

Materials and methods In three subjects, magnetic evoked potentials (MEP) in the relaxed

soleus were obtained by stimulating the scalp with a Cadwell elec-

The experiments were done on 14 healthy subjects, ranging in ggg, 2 ynetic stimulator (coil diameter 10 cm). For each subject the
from 26 to 61 years. All subjects gave their written informed COfjy

 Son 0
sent in accordance with the Declaration of Helsinki. The protoqﬂfesmld for MEP was found and the test stimuli were 130%

d by the Institutional Review Board. | ¢ reshold, except for the third subject for which this was larger
was approved by the Institutional Review 5oard. In Most eXp&ilan the maximal stimulator output (hence this latter intensity was

ments the subject stayed relaxed in a reclining position in a cqiday) 'An MEP1 was obtained 1 s prior to the 1.0-Hz train of ten
fortable armchair, while in a few the subject was lying prone. iy itioning stimuli applied to the PTN, and an MEP2 at 1.2 s af-
some experiments the foot was restrained so that no movemen{ [Pk |ast H-reflex. The control MEP amplitudes were less than
very little) could be noticed after each stimulus to the tibialis antes,: and Were. not larger than 30% the control H-values
rior or to the soleus. In a few subjects both legs were tested. Mean nf\?leP values were computed for each subject based on ten
trials. The purpose of this test was to check the motoneuron excit-
ability after the conditioning stimuli at a latency similar to that for

Electromyographic recordings and data analysis which reflex depression has been studied.

Bipolar electromyographic (EMG) recordings were obtained using

9-mm disk surface electrodes of stainless steel placed on the_so-

leus muscle and the Achilles tendon. The waveforms were filteRdsults

from 2 Hz to 10 kHz and sampled at 10 kHz (there is no aliasing

because there is very little energy in frequencies above 5 kHz). At . . o .

the beginning of each session, the curves of H and M amplitudlowing a single conditioning stimulus to the PTN, a

as a function of stimulus intensity were obtained. From this tsecond stimulus to elicit a test H-reflex was given at in-
value M, was found, i.e., the maximum possible value for Ii%Lvals from 1 to 5 s to determine the characteristics of

Peak-to-peak values of each H-reflex waveform were compu ; : ; ;
on-line (area of rectified H-reflexes gave qualitatively similar co recovery. For nine subjects (Fig. 1A), the normalized

clusions) and waveforms were saved for further analysis. MedR§an amplitude of the test H-reflexes at 1 s was 0.53
and standard deviations were computed from at least ten tri@fQrmalized with respect to the control amplitude). Slow
each trial being comprised of a conditioning stimulation (single pEcovery was seen at subsequent intervals and by 5 s the

train) and a test H-reflex obtained after a specified delay. Normﬁﬁean amplitude recovered to 0.85 of the control value.
ized values of H-reflexes were computed with respect to the firs T heth he ti " fH
H-reflex when trains of H-reflexes were elicited, or in the case of 10 €St whether the time course of recovery of H-re-

conditioning stimulation to the CPN, the amplitude of the test fexes is compatible with presynaptic inhibition, we
flex was normalized to the amplitude of the first H-reflex obtainestbmpared the time course of soleus H-reflex after tibial

from the immediately preceding train. nerve stimulation to that of presynaptic inhibition pro-
duced by stimulation of the antagonist muscle nerve.
Electrical stimulation Since the magnitude of presynaptic inhibition of soleus

_ _ H-reflexes from the tibialis anterior varies considerably
Rectangular constant-current pulse stimulation was used thro@?diﬁerent subjects, we first screened subjects for the

out, with a duration of 1 ms. The PTN was stimulated at the popli: ; I ; ;
teal fossa using monopolar stimulation delivered via a conventi esence of reciprocal inhibition at latencies consistent

al surface electrode or a locally built ball electrode. A remote aifith presynaptic inhibition (40-80 ms). Six subjects
ode was placed on the patella. For each subject a stimulus inteffsbm nine tested) showed a clear presynaptic inhibition



377

HH1
k
HH1
//
/
_t
|
—
I
|
}——“\-‘—‘i

T T T T T T T T T 0
00 05 10 15 20 25 30 35 40 45 50 &5 0

timeins timeins

N
N
o
@
-
o
-
N
-
»

1 ]

HH1
\
»————0/
HH1

(1 s et T T T TR NpR O USRI USRS 0 N == B i T e

O
N
FN
o
(-]
3
S

00 05 10 15 20 25 10 35
timeins timeins

Fig. 1A, B Time course of the soleus H-reflex recovery from dé=ig. 2 A Depression of soleus H-reflexes during a 1-Hz train of
pression following a single H-refledA Overall mean from nine ten stimuli applied to the PTN and ensuing recovery measured at
subjects. The peak-to-peak reflex sizes were referred to the pdalr different latencies (2 s, 3 s, 4 s, and 5 s). The overall depres-
to-peak amplitude of a control H. For each subject a data paitn data shown were computed as the means of 38 cases originat-
was the mean of ten trials and means from all subjects are shdng from seven subjects. Each case was the mean of ten trials. The
In some subjects not all intervals were tested: at 1 s, 2 s, 3 s, g recovery points at delays 2 s, 3 s, 4 s, and 5 s from the last de-
and 5 s the data are the means from nine, ten, nine, six, and fressed H-reflex (i.e., at instants 11-14 s) were computed as the
cases, respectively, the total number of cases being ten at 2 sriEans from ten, ten, nine, and eight cases, respectivelyertie
cause one subject was analyzed twice on different days. Tlatbarsare the SDsB Depression and recovery at a 3-s delay, for
vertical lines above and below the data poimdicate the stan- PTN (dotg and CPN ¢rosse$ conditioning trains of ten stimuli at
dard deviation of each set of mean values from which each ovetaliz for the same subject as in Fig. 1B. Reflex amplitudes are
mean was computed (e.g., the overall mean at 1 s, equal to 0.580¢h, respect to first H-reflex elicited by a train to the PMerti-

and the respective standard deviation 0.1489 were computed faahbarsare the SD+=

nine individual mean valuesB Data comparing the effects of

posterior tibial nerve (PTNdotg and common peroneal nerve

(CPN; crosse} conditioning on H-reflexes at different latencies injre 1B shows the results from one subject with presynap-
one subject. For therossesthe first response at the soleus had zgg jnhibition of 42.5% (i.e., conditioned soleus H-reflex
ro amplitude, because the stimulus was at the CPN, while the %S 57.5% of the control H-reflex size) when tested at

plitudes of the test reflexes (elicited by PTN stimulation) at lateh)- : . ;
cies of 1.0's, 2.0’ s, and 3.0 s were practically equal to the contfé® 50 ms screening latency. At the earliest test stimulus
values. Thevertical barsindicate the SD. Thears for the PTN at a latency of 1 s, the amplitude of the H-reflex had ful-
case haveshort horizontal ticksat either end, while for the CPN|y recovered. This was a general finding whenever we
the ticks are longer. These same conventions are used in F-ig. ZEyouId assure good experimental conditions, meaning a
large enough presynaptic inhibition at 50 ms and no dor-
from a brief tetanus to the antagonist muscle nervesdtexion twitch at the ankle for each CPN conditioning
50 ms, which ranged from 14 to 57%. The recovery sfimulus (each dorsiflexion stretches the soleus and
the soleus H-reflex was further analyzed in these suherefore activates its la afferents, and therefore presyn-
jects, using a single conditioning tetanus to the CRigtic inhibition is not the sole mechanism in action).
with test H-reflexes at the same latencies as used for th&Vhen a train of ten pulses at 1 Hz was applied to the
PTN-conditioned experiments to assess recovery. FRJFN, most of the H-reflex depression usually occurred



378

within the first three pulses and a plateau was maintaintgdes to those obtained from the same trial), but 1.094
during subsequent pulses, as shown in Fig. 2A for sew 0.480 if no outliers were removed. The first measure
subjects. The pooled data shows that the depression [foean(MEP2/MEP1)] had standard deviations 0.843,
lows a monotonic decay and that in a few second€i#48, and 0.243 (1.707 if no outliers were removed in
reaches a plateau. However, in different subjects the the latter) for the first, second, and third subjects, respec-
cay profiles to the depression plateau may be differetiigly. As there was no statistical difference between the
in one the plateau being reached at the second H-reftexg means of the pooled MEPs and also the ratio mea-
while in another at the fourth, for example. Followingures were all close to 1, the results above suggest that
the train of stimuli, recovery was monotonic and did ndte there are no changes in the excitability of the moto-
reach control values even at 5 s after the last H-reflexni@uron pool involved in the range of H-reflex sizes used
the train. The recovery phase had time constants rangmthis work. This would rule out postsynaptic inhibition
from 1.8 s to about 5 s for different subjects. of motoneurons as a possible cause for the depressed H-

The recoveries of the H-reflex after PTN and CPiflexes.
conditioning trains were compared by testing reflexes In three subjects, the effect of a passive dorsiflexion
elicited at similar latencies. Figure 2B shows the recaat the ankle preceding a train of H-reflexes was investi-
eries of the test reflex at 3 s from the same subject shayated. Slow passive dorsiflexion (40°) over 4 s with the
in Fig. 1B. At this delay, the mean amplitude of the résot returned in 1 s to the natural position caused a
covered H-reflex was about 1.15 for CPN conditioningyarked depression of the ensuing 1-Hz train of H-reflex-
in comparison with the mean amplitude of 0.67 followes as compared to depression occurring without the con-
ing PTN conditioning at the same latency. The impaditioning dorsiflexion. In fact, the amplitude of H-reflex-
tance of fixing the foot was shown in experiments whees in the 1-Hz train of stimuli following passive dorsi-
the foot was allowed to dorsiflex after each CPN stimflexion showed very little further depression and was
lus, with the result that there was a clear H-reflex depregnilar to the plateau level attained when using a train of
sion after the conditioning stimuli. This depression foRTN stimuli alone.
lowing CPN stimulation with the foot unrestrained is
likely to reflect a contribution induced by stretch of the
soleus muscle and its spindle receptors. Discussion

The monotonic decay of H-reflexes toward a de-
pressed plateau followed by a slow recovery also ddie rationale behind our experiments was that if presyn-
cured for 0.5-Hz trains of stimuli to the PTN, althougaptic inhibition is the main factor contributing to the de-
the depressed plateau levels were higher than those geession and to the ensuing recovery of H-reflexes for
for 1-Hz trains. In eight subjects for which both the 1-Hstimuli applied to the PTN, then similar effects should be
and 0.5-Hz trains were used, the results were: (1) meapected when stimuli are applied to the CPN because
plateau amplitude values of 0.28 and 0.53 (percentagehi$ is a well-accepted source of presynaptic inhibition
control H), respectively; (2) depressed plateaus reaclwedthe soleus la connections to homonymous motoneu-
at the third H-reflex on the average, for both stimulusns (Morin et al. 1984; Hultborn et al. 1987). For exam-
frequencies. When the conditioning train was to tipde, in Fig. 1B, if we interpret the depression/recovery
CPN, the recovery was complete at all delays tested. from PTN conditioning as being caused by presynaptic

Transcranial magnetic stimulation to evoke soleiushibition, it seems reasonable to assume that stimulation
MEPs was used to test the excitability of the soleasthe CPN, which caused a decrease in the normalized
motoneurons, since this pathway does not use the lakafeflex to 0.575 at a latency of 50 ms, would also have
ferent pathway to excite motoneurons. MEPs weaesimilarly slow return to normal. But this was not ob-
evoked approximately 1 s before (MEP1) and afteerved in our data. Similarly, for a train of conditioning
(MEP2) a 1.0-Hz train of ten conditioning stimuli to thetimuli to the PTN, one notices a progressive decrease
PTN. For three subjects, mean = SD of MEP1 and MER®vard a plateau (Fig. 2A), indicating an accumulation
amplitudes prior to and after the conditioning train, ref effects during this depression phase. If this were
spectively, were 4.55 * 0.26 (%, and 3.43 + 0.98 caused by presynaptic inhibition, then it should probably
(%M., Without any consideration for outliers. Theralso happen when a train of conditioning stimuli were
was no statistically significant difference between ttapplied to the CPN. For example, for the data in Fig. 2B,
two means (paired-test, P>0.20). The correspondingthe first stimulus (a tetanus of four pulses) to the CPN
means of the control H amplitudes and of the plateaould cause a decrease in the normalized H-reflex at
values of depressed H-reflexes were 26.88M(%) and 50 ms latency to 0.575. The accumulation of effects with
10.71 (9., respectively. The MEPs were also quarnhe next stimuli in the train would presumably cause an
tified as means of ratios and ratios of means. For the faienuation of the H-reflex amplitude in excess of the
subject, mean (MEP2/MEP1l) = 1.087 and mea&?2.5% found for a single CPN tetanus; let us say, the
(MEP2)/mean(MEP1) = 0.923; for the second subjectpormalized H-reflex amplitude would be around 0.500
the respective values were 1.029 and 0.890; while, fassuming a similar ratio of H at 2 s over H at 1 s for
the third subject, 0.850 and 0.803 if some outliers wdP@N stimulation), and so on. In this and other cases the
removed (criterion for an outlier: peaks at very differeassumed depressed reflexes caused by presynaptic inhi-
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bition from the CPN should have been followed by ré@g presynaptic inhibition based on the above discussion,
covery trajectories similar to those found for PTN condbine possibility is that there is an activity-dependent ac-
tioning, but these were not found. Instead we found thien potential propagation failure at la axonal branch
test reflex amplitudes at different latencies from the epdints, but, at least in frog spinal cord, this does not
of the train fluctuating around the normalized value 1.6eem to happen (Dityatev and Clamann 1996). Finally,
indicating that the presynaptic inhibition effect had an additional hypothesis could be a failure of la axons in
much shorter time course. Similar findings were assofillowing repetitive stimulation. But data from Morita et
ated with trains of 0.5 Hz. As there is no basis to assuale(1993) show that, for the interstimulus intervals that
that a presumed homonynous presynaptic inhibition wé& employed (not less than 1 s), the compound nerve ac-
the la-motoneuron pathway in humans would respotiodn potentials have no change in their amplitudes.
quite differently from heteronynous presynaptic inhibiFherefore, it seems that a depression of neurotransmitter
tion originating from the antagonist flexor, the resultglease is the most probable mechanism behind human
suggest that homosynaptic depression is a phenomeHereflex depression.
distinct from classical presynaptic inhibition. Short-term homosynaptic depression is found in neo-
The general findings of this work are in accordancatal rat spinal cord (Lev-Tov and Pinco 1992) and has
with the results of Nielsen et al. (1995) and Hultborn leéen attributed to a decrease in transmitter (glutamate)
al. (1996) that presynaptic inhibition is shorter-lived thaelease. Kuno (1964) showed in cats that subsequent mo-
homonymous H-reflex depression. Nevertheless, the ®neuron la excitatory postsynaptic potentials (EPSPS) in
periments used to reach this conclusion were differentow-frequency train (e.g., 3/s) show depression that is
from their studies. Hultborn et al. (1996) compared tlssociated with a decrease in the probability of release of
effects of homonymous conditioning (soleus) on heteuanta and without change in quantal size. This means
onymous (femoral) afferents, whereas in our series of éxat there is a progressive decrease in the amount of re-
periments the effects of homonymous activation, hetégased neurotransmitter following successive stimuli in a
onymous activation, and transcranial magnetic stimutaain, because less packets of quanta are released. How-
tion were always evaluated on the same set of test affarer, the mechanisms responsible for the depression are
ents and motoneurons. The study of Hultborn et atill an open issue (neurotransmitter depletion, Ca chan-
(1996) also investigated monosynaptic reflex depressiwel inactivation, etc.).
in cats and was able to rule out explicitly presynaptic andQuite clearly, the mechanisms behind homosynaptic
postsynaptic inhibition at intervals comparable wittiepression in humans are even more elusive. In this re-
those used in human studies. These findings uphold spect it might be that the interplay of animal and human
interpretation of the human data. A very recent work experimentation with modeling approaches will enrich
humans and cats by Wood et al. (1996) also concludetlire research. For example, a very speculative model
that H-reflex depression following muscle length chan@<ohn et al. 1995) on H-reflex depression is compatible
es was not caused by presynaptic inhibition. with the finding that both the 0.5-Hz and 1-Hz train re-
Among the possible mechanisms behind H-reflex dggonses reach the plateau after approximately the same
pression in humans, prolonged postsynaptic inhibitanymber of stimuli (simulation done with typical values
effects on soleus motoneurons caused by the activatioolofined from experimental data). Certainly future re-
spinal cord interneurons (Renshaw, Ib, and others) ordmarch will suggest improvements in the modeling effort
motoneuron dynamics (e.g., after-hyperpolarization) cand elucidate the involved mechanisms.
be considered. But these effects have a short duration anBinally, H-reflex depression following electrical or
were also ruled out here by the lack of changes in thechanical (e.g., vibration or muscle length changes)
motoneurons’ excitability as tested by magnetic stimulstimuli seems to be due to homosynaptic depression.
tion of the brain. The strong depression of the H-reflékis has an impact both on motor control studies and on
trains following a slow passive dorsiflexion arguethe understanding and treatment of a number of neuro-
against possible involvement of |b afferents, as it is whlbical conditions such as spasticity.
accepted that such slow passive flexions do not activate
I Golgi endon orgars (Jar 1992). The remaining poJE e S L NS Mo St shiuny mnd Nanr
synaptic meCh?‘”'S”‘ that could eXP"'?‘!” hlomosynaptlc gﬁng for technical gupport. Duringghis stay at the NIH, A. F.gthn
reflex depression would be desensitization of the po\_ﬁg'sarecipient of a fellowship from CNPq (Brazil).
synaptic receptors or a mechanism similar to that causing
homosynaptic long-term depression (Linden and Connor
1995). Kuno (1964) tested this type of hypothesis in G@dferences
la synapses on motoneurons and found no evidence of re-
ceptor desensitization. Receptor desensitization and LAEhby P, Stalberg E, Winkler T, Wunter JP (1987) Further obser-
(long-term-depression) require a long period to build up, vation on the depression of group la facilitation of motoneu-

contrary to the H-reflex depression which occurs followy- ons by vibration in man. Exp Brain Res 69:1-6 .
ing a single stimulus. Barnes CD, Pompeiano O (1970) Presynaptic and postsynaptic ef-
. fects in the monosynaptic reflex pathway to extensor motoneu-
For these reasons, presynaptic phenomena seem thgns following vibration of synergic muscles. Arch Ital Biol
most likely explanation for H-reflex depression. Exclud- 108:259-294
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