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On the Possibility of Ventral Root Fibers Undergoing
Ephaptic Excitation under Conditions of Very Severe

Spinal Hyperreflexia
E. A. Makii and I. A. Krayusbkina
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Monosynaptic discharges by ventral roots were studied in rats under conditions of pro-
nounced spinal hyperreflexia 5 days after simultaneous transection of the sciatic nerve
and spinal cord. In 40% of tests with such rats, an enhanced monosynaptic discharge
of a ventral root was found to be followed by a synchronized and high-amplitude dis-
charge similar in shape and amplitude to the response of the ventral root to electrical
stimulation of its fibers. The threshold amplitude for elicitation of these extra discharges
was close to the amplitude of the ventral root’s monosynaptic discharges at which high-
amplitude discharges occurred. It is concluded that when the excitability of spinal re-
flex arcs is excessively high, ephaptic transmission of excitation probably occurs in ven-
tral roots from fibers involved in the enhanced reflex discharge to unexcited fibers.

Key Words: spinal cord; hyperreflexia; ventral root; ephaptic excitation

Excitability of spinal cord neurons in rats has
been shown to be highest on days 3-5 after nerve
transection [5,7]. After cordotomy, stably enhanced
excitability of spinal cord reflex arcs was reported
in rats 3 days postsurgery and persisted for a long
time [4,6]. We assumed, therefore, that an opera-
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tion combining nerve transection with cordotomy
would lead 5 days later to the formation in the
spinal cord of a focus of enhanced excitability
exceeding that observed after separate nerve or
spinal cord transection. Characteristics of the re-
flexes from the spinal cord after such a combi-
ned operation are of interest for studies designed
to gain better insight into how a generator of
pathologically enhanced excitation forms in the
spinal cord [3].
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MATERIALS AND METHODS

To produce an animal model of very intensive
spinal hyperreflexia, we transected in rats both the
sciatic nerve (at the level of the middle third of
the femur) and the spinal cord at the level of the
lower thoracic segments (Fig. 1, a). Five days
later, laminectomy in the lumbar region was per-
formed under Hexenal anesthesia (5-7 mg/100 g
body weight intraperitoneally), the dorsal and ven-
tral roots in segment L, were dissected out and
cut, and recording and stimulating electrodes were
placed on their central portions (Fig. 1, a). Then,
3-4 h after the laminectomy, the rats were ad-
ministered dithylin in relaxing doses and trans-
ferred to artificial respiration. Evoked activity was
recorded in two modifications. In one of these
(Fig. 1, a), stimuli were applied to a dorsal root
and reflex discharges were led off from the ven-
tral root (VR); in the other (Fig. 2, a, I), stimuli
were applied to a VR and total action potentials
were led off from fibers of the same root with a
ball-type electrode. The dorsal root was stimulated
with 0.3 msec current pulses equal in strength to
two thresholds required for eliciting action poten-
tials from the dorsal surface of the spinal cord.
For recording action potentials generated by VR
fibers, the VR was stimulated with pulses of not
more than 0.3 msec in duration and also equal
(usually) to two thresholds. To determine the
threshold for the generation of action potentials by
VR fibers, 1.2 msec pulses were used (the need
to use such pulses is explained below). The evoked
bioelectrical activity was amplified with a UBM
amplifier and photographed from the screen of a
C-1-69 oscillograph. Other aspects of the proce-
dure used in this acute experiment are described
in our earlier publications [4,5]. Amplitudes of
evoked responses and their thresholds upon VR
stimulation were analyzed.

RESULTS

In the control series of tests, monosynaptic dis-
charges (MD) from the VR were studied in acutely
spinalized rats. These discharges had a mean am-
plitude of 2.34+0.22 mV (rn=19; Fig. 1, b, I and
¢, I). Five days after just the spinal cord was cut,
the mean amplitude of MD recorded from the VR
was much higher (6.10%£0.68 mV; n=24, p<0.01)
than in the acutely spinalized rats (Fig. 1, 4, 2
and ¢, 2). Five days after both the nerve and spi-
nal cord were cut, the amplitude of MD from the
VR on the transected nerve side was 9.69+0.58
mV (n=28, p<0.05), i.e., still higher than in the
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Fig. 1. Experimental scheme (@), oscillograms of reflex

responses (b), and diagrams of mean amplitudes (¢) of
monosynaptic discharges (MD) recorded from a ventral root
(VR) under different experimental conditions. a: the dotted
line indicates the site of root transection in an acute test; the
arrows directed toward the root denote stimulation, while those
directed away from it denote recorded discharges. b and c:
1} acutely spinalized rats (controls); 2) chronically spinalized
rats (5 days postsurgery); 3) rats 5 days after the sciatic nerve
and spinal cord were both cut; 4) same as in 3, but in rats
with particularly strong MD by the VR. b: the reflex discharge
was enhanced to the same degree in all cases (its initial part
is not shown). c: the mean amplitude of MD by the VR in
acutely spinalized rats was taken as 100%.

chronically spinalized group (Fig. 1, 4, 3 and ¢,
3). In 12 (40%) of the 28 rats subjected to the
combined operation, the evoked response had a
second component characterized by an exception-
ally high amplitude and synchronicity (Fig. 1, &,
4). The mean amplitude of VR MD in these 12
rats was 13.06+0.96 mV, which is significantly
higher (p<0.05) than the mean amplitude in this
group (n=28). We hypothesized that the abnormally
strong discharges following the VR MD under con-
ditions of particularly pronounced hyperreflexia
were a consequence of excitation of the VR fibers
not participating in the reflex discharge. To check
this, we conducted tests depicted schematically in
Fig. 2, a, 1 and found that when the VR was
stimulated with strong stimuli (those equal to 2
thresholds), the response recorded from this root,
i.e., the total response of its fibers, was very simi-
lar in shape to the second component of the re-
flex response recorded under conditions of particu-
larly pronounced hyperreflexia (cf. Fig. 2, a, 2
and Fig. 1, b, 4). The amplitudes of these two
responses were almost equal. Thus, the second
component that followed the VR MD in rats with
a particularly pronounced hyperreflexia had a mean
amplitude of 25.50%2.71 mV (n==12), whereas the
mean amplitude of the total response by VR fi-
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Fig. 2. Experimental scheme (a, I), oscillogram of total

responses by ventral root (VR) fibers upon direct stimulation
of the root (a, 2), and diagrams showing mean amplitudes of
these responses and mean threshold amplitudes for their
occurrence (b). a: I) discharges led off from the central part
of the VR with a ball—type electrode; 2) stimulus of 0.3 msec
— same enhancement as in Fig. 1, b (only the terminal portion
of the stimulation artefact is shown). b: 1} acutely spinalized
rats; 2) rats 5 days after both the sciatic nerve and spinal
cord were cut; 3 and 4) mean value of the threshold for
eliciting a VR response with a 1.2 msec stimulus (same
designations as for { and 2); 5) mean amplitude of the MD
by the VR at which discharges of abnomnally high amplitudes
were observed.

bers in rats with transected sciatic nerve and spi-
nal cord was 24.67+2.71 mV (n=12; p>0.05). It
should be stressed that the corresponding mean
amplitude in the control group was 22.90+£3.76 mV
(n=15) and did not significantly differ from that
in the group with pronounced hyperreflexia (cf. b,
I and b, 2 in Fig. 2). Of interest in this context
are characteristics of the threshold for excitation of
VR fibers, particularly its magnitude in compari-
son with that of VR MD at which abnormally
strong discharges were recorded. To determine this
threshold, we used 1.2 msec stimuli, given that the
mean duration of VR MD in the group subjected
to both sciatic nerve and spinal cord transection
was 1.20£0.06 msec (n=25). With such stimula-
tion, the threshold stimulus had an amplitude of
14.64+£1.95 mV (n=14) in the control group and
16.77£2.90 mV (n=8) in the group that had un-
dergone the combined operation (Fig. 2, b, 3 and
4). A similar relationship was observed when the
threshold current flowing through the stimulating
electrodes was recorded (0.94%0.09 and 1.12:1+0.18
pA, respectively). Comparison of the amplitudes for
threshold stimulation with the amplitude of VR
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MD after which abnormally strong discharges were
recorded shows them to be very similar (cf. b, 3
and 4 and b, 5 in Fig. 2).

Thus, as this study shows, the occurrence in
a VR of reflex discharges with amplitudes compa-
rable to the threshold amplitude for exciting VR
fibers may elicit a discharge from the VR fibers
not participating in the reflex discharge. In this
case, the reflex discharge itself appears to act as
an electrical stimulus; its amplitude inside the VR
is probably higher than that recorded in our study,
since the discharge decreases in amplitude as it
spreads electrotonically to the recording electrode
[1]. In our view, such ephaptic propagation of
excitation from excited to unexcited VR fibers,
which is not possible under physiological condi-
tions, is associated with the extremely high
synchronicity of reflex discharges in VRs, for very
high synchronicity is a sine qua norn for ephaptic
excitation of an axon [2]. Prerequisites for such
synchronicity seem to be phenomena that do not
normally occur, primarily electrical stimulation of
the dorsal root such that all afferent group la fi-
bers are excited at the same time. A second, and
no less significant, factor is a substantial increase
in the efficacy of synaptic transmission as a result
of nerve and spinal cord transection. Other factors
of importance appear to be the high excitability of
type A-o fibers in the VRs and the very small
scatter of conduction velocities in these fibers.

While negating the existence of ephaptic trans-
mission in VRs under normal circumstances, we
have demonstrated that such transmission may oc-
cur under pathological conditions. Presumably, this
phenomenon may be involved in setting up a posi-
tive feedback whereby the generator of pathologi-
cally enhanced excitation is sustained in motor
nuclei of the spinal cord, especially when the
mechanism of spinal inhibition is shut off [3].
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