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Abstract-Intracellular
recordings from the intermediolateral cell nucleus of the neonate rat thoracolumbar spinal cord slice preparation revealed a population of neurons which displayed three types of
spontaneous rhythmic activity: burst firing, tonic beating and membrane oscillations. Most neurons
displayed more than one of these types of activity. Neurons had mean resting potentials of - 59 mV and
input resistances ranging from 10 to 48 rnQ. Spontaneous oscillations which were observed either
inde~nden~y or following hy~~la~~tion
of neurons ~spla~ng tonic beating or bursting behaviour
had a mean peak ~p~tude and frequency of approximately 14 mV and 1 Hz respectively. Oscillations
were not obviously reversible as they were still apparent at potentials as negative as - 120 to - 140 mV.
This suggests that the oscillations had a site of generation distant to the recording electrode. Neurons
displaying tonic beating activity were characterized by low frequency firing activated at the peak of the
depolarizing phase of the underlying oscillation and these neurons could be induced to exhibit burst
behaviour by membrane depolarization. The frequency of firing in tonic beating neurons ranged from 0.1
to 8.8 Hz. Burst firing was characterized by: bursts of 3-17 action potentials; burst cycle frequency
of approximately 1 Hz; an afterdepolarization potential mainly observed at the termination of a burst.
Burst firing was abolished by cobalt and membrane hyperpolarization but not by barium, low calcium
or tetraethylammonium chloride. The switch from tonic beating to burst firing may, in part, involve
activation of a voltage- and calcium-de~ndent afterdepola~zation potential,
We conclude that a population of neurons in the lateral horn of the spinal cord are capable of rhythmic
activity with underlying spontaneous pacemaker-like o~illations.

Rhythmic
activity in neurons
and the regulation
of such activity is considered to play an important
role in neuronal information processing.” Rhythmic

pacemaker activity can occur in neurons in the
absence of rhythmic input, a phenomenon which has
been extensively studied in invertebrate, particularly
moilus~an, neurons.1,~4~z’,~,3sHowever, it is only relatively recently, with the development of in vitro
preparations,
that the mechanisms underlying bursting activity in mammalian neurons have been investigated in the cerebellum,3g~” in the thalamus,2y*30in
hypothalamic explantsi and in cultured spinal cord
cells.36~37
In a recent investigation on sympathetic preganglionic neurons (SPNs) in the inte~ediolateral
nucleus (IML) of the neonate

rat spinal cord in vitro, we

demonstrated that a proportion of neurons in this
region were capable of spontaneous burst firing.”
Rhythmic activity is an important property of some
spinal cord neurons which have been implicated as
rhythm generators activating motoneurons involved

*To whom correspondence should be addressed.
~~~re~~ufjo~~: ACSF, artificial ~~brospinal
fluid; ADP,
afterde~la~tion
potential; IML, inte~~iolateml
ceI1 nucleus; SPN, sympathetic preganglionic neuron;
TEA, tetraethylammonium chloride.
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in control of locomotion22,2’~25J6J7,62and respiratory
movements6’ It may be that a subpopulation of SPNs
with such pacemaker properties are capable of exerting tonic rhythmic influences on sympathetic postganghonic neurons and thus on cardiovascular target
organs.
ln the present paper we describe some properties of
spontaneous rhythmic neurons in the IML of the
neonatal rat spinal cord.
EXPERIMENTAL PROCEDURES
SpragueDawley rats 9-22 days old were employed in this
study. The procedure used to obtain spinal cord slices from
neonatal rats has been described by us previ~usly~ and was
similar to that described by other investigators.~,49 The
animals were anaesthetized with ether and, following
lamineetomy, a I-1.5cm section of the thoracolumbar
spinal cord was excised and placed in cold (4”(Z), aerated
(95% 0,-S% Co,) artificial cerebrospinal fluid (ACSF).
The piamater was removed and the spinal segment cut to
form one or two approximately Smm sections. Several
300-450~M slices of spinal cord were taken using a
modified Oxford Vibratome. The slices were transferred to
an incubation chamber where they were maintained at 25°C
for at least 1 h prior to recording.
One slice was transferred to the recording chamber of a
submerge-tie
bath and ~ntinuously superfused at a rate
of 3 rnl~~ with an ACSF solution of the following composition (mM): NaCl, 127; KCl, 1.9; KH$Q,
1.2; CaCl,, 1.2;
MgSO,, 1.3; NaHCO,, 26; glucose, IO; pH 7.4. The solution
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was saturated with 95% Os-5% CO, and the temperature
maintained at 34 & 05°C.
Intracellular recordings were obtained in bridge mode
from neurons located in the lateral horn of the thoracolumbar spinal cord slices with 3 M potassium acetate-filled glass
microelectrodes (impedance 60-150 MR). Stable intracellular recordings were obtained from neurons for up to
6 h. A high impedance bridge amplifier (WPI ‘Chopper”
SVC2000) was employed to inject current through the
m~croel~trode and to record signals which were dispiayed
on an oscilloscope (Tektronix 5113). Recordings were also
directed to the following data storage facilities: a chart
recorder (Gould RS3200); an X-Y plotter (Gould Colourwriter) via a digital storage oscilloscope (Gould 1425); a
tape recorder (Racal Store 4) via an oscilloscope (Tektronix
502A) with an amplification (x 100) facility. SPNs were
identified by antidromic stimulation of ventral rootlets (see
Ref. 56).
Drugs were dissolved in ACSF to a known concentration
and applied to the shce by superfusion. The following
agentswere employed: tetraethyla~mmonium chloride (TEA)
(Sigma). cobalt chloride and barium chloride CBDH).
Coibalt’chloride was either dissolved directly in ACSF or
substituted in place of calcium chloride. Barium chloride
was substituted in place of magnesium sulphate either in the
presence or absence of calcium chloride. The following salts
were also used: NaCl, KCI, NaHCO,, n-glucose (Fisons);
MgSO,, KH?PO,, CaCI,*6H,O (BDH).
RESULTS

Stable intracellular
recordings were obtained
from a total of 87 neurons located in the lateral
horn of thoracolumbar spinal cord slices. Of these
neurons, 23 showed spontaneous rhythmic activity.
Five neurons showed a burst firing pattern of activity
(Fig. IA) and I8 neurons showed a tonic beating

discharge pattern (Fig. 1B). Seven of these 18 tonic
beating neurons displayed a pattern of activity which
was characterized by regular oscillations in membrane potential (Fig. 1C). One bursting neuron also
displayed similar oscillations initially before commencing burst firing.
membrane properties

The lateral horn neurons which displayed spontaneous rhythmic activity had resting membrane potentials of 59 f 6 mV (mean rt SD.) with a range of
-48 to - 74 mV. The input resistance of these neurons was difficult to determine accurately due to the
constant fluctuations in membrane potential being
associated with changes in the neuronal input resistance. Input resistance measurements ranged from 10
to 48 MC with the lowest value being associated with
the hyperpolarization phase of the rhythmic cycle.
The input resistance of these neurons was much lower
than other neurons of the IML which had input
resistances of around 110 MQ reported by us previously.s6
Spontaneous @iring in int~r~ediolateral cell nucleus
neurons

Spontaneous burst firing was recorded in five lateral horn neurons. Bursts were characterized by a
slow depolarizing shift with superimposed action
potentials, terminated by hyperpolarization
before
the start of the next burst cycle. The frequency of
was I .O k 0.5 Hz
bursting
in these neurons
(mean 2 SD.) and ranged from 0.3 to 1.6 Hz. The

Fig. 1. Intracellular recordings from three neurons located in the lateral horn of the spinal cord showing
three types of spontaneous rhythmic activity. (A) Spontaneous burst firing in a lateral horn neuron.
Note the afterdepolarization potential (ADP) clearly apparent in the second burst. Resting membrane
potential (fi,) - 54 mV. (B) Spontaneous low frequency fhing recorded in another lateral horn neuron
(Em -58 mV). (C) Spontaneous rhythmic oscillations recorded from a third neuron (E, -62 mV).
Oscillations were most often observed interspersed with the type of activity illustrated in (B). (D) Four
superimposed action potentials evoked during a single burst in the neuron shown in (A). Note the shoulder
in the placation
phase of the action potentials. (B) Four superimposed action potentials evoked during
regular low frequency firing of the type shown in (B). The peak amphtudes of spike discharge in (A) and
(3) were truncated due to the Iimited frequency response of the pen recorder.
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n u m b e r of spikes per burst was between 3 and 17. The
post-burst hyperpolarization had a peak amplitude of
12 +__4 mV with a range of 5-22 mV, and duration of
0.5 + 0.2 s with a range of 0.14).9 s. Action potentials
associated with the burst had peak amplitudes
measured from threshold of 53 + 6 mV over a range
of 47~50mV, and had duration of 4.3 ___0.7ms,
ranging from 3.3 to 5.5ms. The hyperpolarizing
undershoot phase of the action potential had peak
amplitude of 1 2 + 5 m V with a range from 6 to
19 mV, and duration of 126 + 33 ms ranging between
82 and 176 ms. A further feature of the action
potential was a prominent shoulder in the repolarization phase. This is clearly demonstrated in Figs 1D
and 2D, E, although the shoulder was not as obvious
as this in all neurons. In addition to this, action
potentials also showed an afterdepolarization potential (ADP) (see Figs 1A and 2D) usually observed at
the termination of the burst. The observed A D P
varied in amplitude and duration depending on the
time at which it occurred following the action potential. The observed A D P was larger, the later it
appeared in the undershoot phase of the action
potential (Fig. 2D). The A D P had a peak amplitude
and duration ranging between 3 and 10mV and

A

10-200ms, respectively. The effect of membrane
hyperpolarization on burst firing in neurons was also
investigated (Fig. 2A-C). Hyperpolarization of two
bursting neurons from rest ( - 5 4 mV), frequency of
bursting 0.3 and 1.0 Hz respectively, to - 6 0 and
- 6 4 mV abolished burst firing activity and gave rise
to a tonic beating pattern of activity, the frequency
of firing being 0.6 and 1.7 Hz respectively (Fig. 2B).
The action potentials associated with hyperpolarization-induced tonic beating activity were faster in
both the rising and repolarizing phases and the
characteristic shoulder in the burst action potential
was greatly reduced (Fig. 2E). Further hyperpolarization of burst firing neurons, to potentials subthreshold for action potential discharge, revealed
spontaneous oscillations. These oscillations were
characterized by a slow depolarizing shift at the
peak of which was a relatively rapid transient
depolarization followed by hyperpolarization (Fig.
2c).
A tonic beating pattern of spontaneous discharge
was recorded in 18 lateral horn neurons (Fig. 3B).
The frequency of firing in these neurons ranged
from 0.1 to 8.8Hz. Action potentials associated
with a tonic beating type of activity had similar

D
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Fig. 2. Effect of membrane hyperpolarization on a spontaneous burst firing neuron. (A) Spontaneous burst
firing recorded in a lateral horn neuron (Em --54 mV). (B) Regular low frequency firing induced by
hyperpolarization of the neuron from - 54 to - 64 mV. Hyperpolarization of the neuron was achieved
by passage of current via the bridge circuit. (C) Further hyperpolarization of the neuron from - 54 to
- 7 4 mV revealed spontaneous regular membrane oscillations. Note the fast depolarizing transient
towards the peak of a relatively slow depolarization, and the hyperpolarizing phase following the
depolarizing transient. (D) Three superimposed action potentials evoked during spontaneous burst firing
illustrated in (A). Each action potential corresponded to the last action potential of a burst. Note the ADPs
and the shoulder in the repolarization phase. (E) The effect of membrane potential on the action potential:
1 shows three superimposed action potentials evoked during burst firing; 2 shows three superimposed
action potentials evoked during hyperpolarization of the neuron from - 54 to - 64 inV. Note the rising
and repolarizing phases of the action potential were faster following membrane hyperpolarization and the
shoulder in the repolarization phase was greatly reduced.
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A

earlier following hyperpolarization of a bursting
neuron. The oscillations comprised of a slow depolarizing shift with a second rapid depolarizing transient
at the peak of the shift, followed by hyperpolarization
before the onset of the next cycle (Figs 1C, 2C,
3C and 4). The frequency of oscillations, just subthreshold for action potential firing, was 1 _+0.5 Hz.
The total peak amplitude of the oscillation measured
from the peak of the fast depolarizing transient to the
peak of the hyperpolarization was 14 _+ 3 mV, range
9-22mV, and a complete cycle had duration of
0.9 _+ 0.3 s, range 1.0-2.5 s.

Depolarization -43 mV
B

Rest -58 mV
C

D

Hyporpolarization -68 mV

TEA ( 30mM )

]20mY
0.8 s

10 ms

Fig. 3. Intracellular recordings from two lateral horn
neurons showing the effects of membrane potential and
TEA. (A) Burst firing induced by depolarization of a
previously low frequency firing lateral horn neuron (B)
from rest (-58mV) to -43 mV. (B) Spontaneous tonic
beating activity in a lateral horn neuron. (C) Hyperpolarization of a tonic beating lateral horn neuron (Fig. 4B) from
rest (-58mV) to -68mV revealed spontaneous oscillations. (D) Superfusion of TEA (30mM) for 120 s to
another lateral horn neuron increased the duration of the
action potential associated with tonic heating activity (not
shown), reduced the amplitude of the hyperpolarizing overshoot phase of the action potential and revealed a marked
shoulder in the repolarization phase. Five action potentials
are shown (1 5): 1 shows an action potential evoked prior
to exposure to TEA; 2, 3, 4 and 5 were action potentials
evoked at successive points during the exposure of the
neuron to TEA, at times up to 60 s into the response. Action
potential 5 was recorded approximately 60 s after administration of TEA.
characteristics to action potentials discharged in
bursts. Action potentials measured from threshold
had peak amplitude and range of 64 +_ 8 mV and
55-80 mV respectively. The duration of the action
potential was 4.4 +_ 1.6ms, range 2.8-8.3ms. The
action potential associated with tonic beating discharge occasionally revealed a slight shoulder in the
repolarization phase. Depolarization of the neurons
gave rise to a burst firing pattern of activity (Fig. 3A,
B), whereas hyperpolarization of the neuron revealed
underlying oscillations (Fig. 3C).
Spontaneous oscillations of the membrane potential observed at rest were also associated with seven
of the 18 neurons which displayed tonic beating
activity. Oscillations were revealed in all 18 tonic
beating neurons by hyperpolarization to membrane
potentials subthreshold for action potential firing.
The oscillations were similar to those described

The effect o f membrane hyperpolarization on spontaneous oscillations
The effect of membrane hyperpolarization on
oscillations was investigated in three neurons which
displayed tonic beating activity with interspersed
oscillations which were subthreshold for action
potential firing (Fig. 4).
Hyperpolarization of the neuron reduced the frequency of oscillations (Fig. 4B). In two neurons,
oscillations were abolished at - 1 4 0 and - 1 3 0 m V
respectively, but no phase of the oscillatory cycle
appeared obviously reversible. In another neuron,
membrane hyperpolarization to - 1 3 2 m V from a
resting membrane potential of - 4 9 mV reduced the
amplitude of both the fast depolarizing transient and
the hyperpolarization phase, but did not reverse
either parameter (Fig. 4A, B).
The amplitude of the oscillations, as described
earlier, measured from the peak of the fast depolarizing transient to the trough of hyperpolarization,
was reduced on membrane hyperpolarization (Fig. 4).
The fast depolarizing transient at rest and at membrane potentials held just subthreshold for action
potential firing had peak amplitude of 4.9 + 1.3 mV
with a range of 2-8 mV, and duration of 22 _+ 5 ms,
range 15-44ms. The hyperpolarization phase of
the cycle measured from the base of the fast depolarizing transient to the point of maximal hyperpolarization was 9 + 3mV, ranging from 5 to 17mV.
The amplitude of the fast depolarizing transient and
the subsequent hyperpolarization were measured
at different membrane potentials. The amplitudes of
both the depolarizing and hyperpolarizing phases
were reduced on membrane hyperpolarization
(Fig. 4A). In addition to this, the amplitudes of the
depolarizing transient and the hyperpolarizing phase
were reduced by similar proportions at the same
holding potentials.

The effects o f divalent cations and tetraethylammonium on spontaneous burst firing
The effects of calcium, barium and cobalt were
investigated on spontaneous burst firing in lateral
horn neurons.
Superfusion of ACSF containing nominally zero
calcium increased the frequency of burst firing,
reduced the number of action potentials per burst,
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Fig. 4. Effect of membrane potential on the amplitude and frequency of spontaneous oscillations
on the ampliin a lateral horn neuron (E,,, -48 mv). (A) The effect of membrane h~~oia~~tion
tude of the fast depolarizing transient and the h~~la~~ng
phase of spontaneous oscillations.
The neuron was hyperpolarized to the membrane potentials indicated (mV) by passage of current via
the bridge circuit. Note both the fast depolarizing transient and the hyperpolarizing phase were
reduced on h~~ola~~tion
of the neuron. (B) Effect of membrane hyperpolarization on the
frequency of spontaneous oscillations. The frequency of oscillations decreased with increased membrane

the hy~~la~zing
undershoot
phase
of the
action potential
and the amplitude
and duration
of the interburst hy~~ola~~tion
(Fig. SA2) without abo~is~~g burst firing. A solution containing
twice the normal calcium chloride (2.4 mM), adminis-

frequency of bursting became irregular, and the
amplitude and duration of the interburst hyperpoiarization was reduced. The effects of barium were not
reversible.

tered by superfusion, increased the amplitude and
duration of the interburst intervat and the hyperpolarizing undershoot phase of action potentials
evoked in the burst (Fig. 5A,). Action potentials
were also prolonged in duration in the presence of
high calcium and an increased synaptic activity was
apparent.
Superfusion of the potassium channel blocker
tetraethylammonium
(TEA; 30 mM) reduced the
number of action potentials per burst. The neuron
discharged in bursts of doublets and triplets (Fig. SB).
Action potentials became longer in duration with
the repolarization phase becoming much slower and
characterized by a prominent shoulder. A similar
effect on the action potential was observed when TEA
was administered to a tonic beating cell (Fig. 3D).
The effects of altering the extracellular calcium concentration were reversible, whereas the TEA-induced
effects were not completely reversible in the time scale
of these experiments.
The effects of the divalent cations cobalt and
barium were also investigated. Superfusion of an
ACSF containing I mM cobalt chloride reversibly
abolished burst firing, giving rise to a tonic beating
pattern of spontaneous discharge (Fig. SC,). Substitution of magnesium sulphate and calcium chloride
with 1 mM barium chloride disrupted the burst
firing discharge pattern (Fig. X2,). The duration
of bursts, the number of spikes per burst and

DISCUSSION

In the present paper we have described a population of neurons with pac~aker-like
properties
which are located within the vicinity of the IML of
the thoracolumbar spinal cord. These neurons displayed three types of spontaneous rhythmic activity:
burst firing, tonic heating and membrane oscillations,
In many instances the same neuron displayed more
than one of these types of activity.
The common link between these cells was that
hyperpolarization of beating and bursting neurons
revealed underlying membrane oscillations, which
could also occur independently. We propose, therefore, that the same neuronal type is capable
of all patterns of activity and that the oscillations
represent an endogenous
pacemaker membrane
potential which acts to generate rhythmic firing.
Several points support this hypothesis. Firstly,
as mentioned above, the oscillations underlie both
beating and bursting activity. Secondly, the frequency of oscillations decreased and the duration
increased with increased membrane hyperpolarization. In relation to this, burst frequency decreases
and duration increases with more negative holding
potentials in other rhythmically active neurons with
underlying pacemaker potentials.‘8*20,31,37
The amplitude of both the fast depolarizing transient and the
slow hyperpolarizing phases of the oscillations were
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3 Wash
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Fig. 5. Effects of divalent cations and tetraethylammonium chloride (TEA) on spontaneous burst firing
in two lateral horn neurons. (A) Continuous record from one lateral horn neuron (E~ - 5 4 mV). (A~)
Control. Spontaneous burst firing in the presence of normal, 1.2 mM, calcium-containing ACSF. (A2)
Superfusion of nominally zero calcium-containing ACSF for 2 min reduced the amplitude and duration
of the interburst interval, the duration of the burst and increased the frequency of burst firing. Note
bursting was not abolished in the presence of low calcium. (A3) Superfusion of a high (2.4mM)
calcium-containing solution increased the amplitude and duration of the interburst interval, increased the
duration of the burst and the number of spikes per burst. The responses shown in (A2) and (A3) were
reversible. (B) The same neuron as in (A), showing that in the presence of TEA (30 mM), the neuron
discharged in doublets and triplets. The duration of spikes was also greatly augmented. (C) Continuous
records from another lateral horn neuron (Em - 5 4 mV). (C1) Spontaneous burst firing. (C2) Superfusion
of ACSF containing 1 mM cobalt chloride for 30 s reversibly abolished the burst pattern of firing, giving
rise to continuous action potential discharge. (C3) Wash, approximately 1 min, following superfusion of
cobalt chloride during which the neuron returns to bursting pattern but not identical to control (C1). (C4)
Substitution of 1.3 mM magnesium sulphate in ACSF with 1 mM barium chloride, superfused for 30 s,
disrupted the burst pattern of firing. Note that the number of spikes per burst and duration of bursts
became irregular. The amplitude of the interburst interval was also reduced. (C5) Wash, approximately
1 min, following superfusion of barium chloride. Regular burst firing was restored but in all neurons
exposed to barium (n = 3), the effects were not completely reversible. In addition to the effect illustrated
above (C4), following superfusion of barium chloride the neuron underwent an irreversible continuous
depolarization of the membrane potential from pre-response resting membrane levels. The peak amplitude
of spike discharge in all figures except (B) was truncated due to the limited frequency response of the pen
recorder.
reduced by similar proportions with increasing
membrane hyperpolarization. This would not be
consistent with these two oscillatory phases being
excitatory and inhibitory postsynaptic potentials
respectively. Finally, low calcium-containing solution did not abolish burst firing, suggesting
that this phenomenon is not a product of rhythmic
synaptic input. Rhythmic oscillations have been
shown to underlie rhythmic activity in several
regions of the mammalian central nervous system
including thalamic neurons, 13'29'3°'53'57inferior olivary
neurons 6'41'42 and neonatal rat locus coeruleus
neurons in vitro. 9,65

The rhythmic oscillations observed in this present
investigation could underlie two types of spontaneous
activity. Firstly, tonic beating firing with action
potentials activated at the peak of the depolarization
phase of the oscillation and secondly, burst firing
whereby neurons discharged bursts of 3-17 action
potentials interspersed with periods of silence. The
frequency of burst firing in these neurons was similar
to that of rhythmic oscillations (approximately
1 Hz). A further feature of the burst firing neurons
was the appearance of an afterdepolarization potential (ADP), mainly observed towards the termination
of a burst. A D P s have been shown to be the trigger

Rhythmic activity in spinal cord lateral horn neurons
for burst firing in other central neurons including
neurons of thalamic nuclei,i3*“~” in neurons of the
inferior olive which display oscillatory activity,4’43
and may be mediated by T-type calcium currents.11J6*s8~63
In lateral horn neurons in our study,
burst firing was abolished by cobalt and membrane
hyperpolarization but not by barium, low calcium or
TEA. The ADP was not apparent in tonic beating
neurons. It may be that the trigger for burst firing in
lateral horn neurons is in part mediated by a voltageand ~lcium-~nsitive
m~h~ism.
In relation to this
an ADP has been observed in cat SPNs in v&o,‘* and
in vitro in caesium-loaded SPNS,~’ or in the presence
of noradrenaline.
The ADP observed in the cat in
vitro may be important i+r the generation of burst
firing in SPNs in the presence of noradrenalinenm
No such action of noradrenaline,
however, has
been found in the SPNs of the neonate rat in oitro.4’
The po~ssium channel blocker TEA induced bursting neurons to discharge in doublets and triplets,
suggesting that potassium is mainly involved with
the regulation of the firing rate of bursting neurons.
The action potential associated with burst pattern
firing was characterized by a marked shoulder in
the repolarization
phase and in many instances
appeared as a plateau which could be reduced
by membrane
h~~la~~tion.
Action potentials similar to this have been observed in other
regions of the CNS, for example, inferior olivary
neurons,4143 in identified sympathetic preganglionic
neurons in the cat in viva” and neonate rat in vitro
(D. Spanswick and S. D. Logan, unpublished
observations) and in cultured dorsal root ganglion
neurons.‘4*27,46A7
The shoulder may be due to the
activation of a high threshold calcium spike.” Many
studies now suggest multiple calcium channel
with at least three being thought
types, 7~8~i5-‘7~28~33~48~s’~~
to exist: a low-voltage-activated or T-type, and two
high-voltage-activated L- and N-type calcium channels (see Ref. 60), although not all studies agree with
this classification.5,sq The majority of studies on which
the classification of calcium currents is based have
been carried out on en~aticaIly
dissociated, cultured , fetal or neonatal preparations, all of which
may distort the comparison of results obtained from
different preparations and make it difficult to interpret the relevance of these findings with respect to the
normally active cell. Also of relevance to results
obtained in our study are recent findings which
indicate a correlation between functional characteristics of the cell and expression of different types of
calcium channels. For example, studies on mouse
sensory neurons during different stages of development revealed that the number of cells displaying a
low-threshold calcium current decreased with development,)* and during the development in culture of
embryonic hippocampal cells only low-threshold
metabolically-independent
calcium channels could
be detected in their membranes, whereas later when
dendrite-like neurite outgrowth had commenced,
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the high threshold metabolically-dependent
channels
appeared. 67The characteristic shoulder in the action
potential observed in IML neurons in the neonate rat
in this study has also been observed in some SPNs
in the IML of the cat in viva,” suggesting that
high-threshold calcium currents may be present
in both neonate and adult neurons. Similarly an
ADP, which is probably mediated by T-type calcium
channels (see Ref. 60), is present in the neonate rat
(as reported in this study) and also in the adult cat
in vitro.~,6q However, the ADP in adult cat SPNs
in vitro could only be observed in the presence of
noradrenaline@ or in a caesium-loaded cell~.~~Therefore it may be that the expression of calcium channels
mediating the ADP changes with development in
IML neurons.
The main observation made in our study is
that a population of lateral horn neurons in the
neonatal rat spinal cord slice preparation display
spontaneous
rhythmic oscillations. These oscillations closely resemble the oscillations observed
in neonatal rat locus coeruleus neurons.‘@ Two
important features of these locus coeruleus neurons
are that the oscillations are observed mostly in
neonates, the incidence of such activity declining with
age,q”65 and are rarely observed in mature animals.q*6Qd6It has further been demonstrate
that
neonate locus coemleus neurons are electrically
coupled such that the entire nucleus may display
synchronized rhythmic background activity.q Observations made in our investigations suggest a similar
coupling may exist between neurons in the IML. The
oscillations were relatively unaffected by membrane
potential. Oscillations were still recorded at membrane potentials as negative as - 120 to - 140 mV.
The generation of these oscillations may therefore be
at a site distant from the recording electrode. A
possible explanation for this is that lateral horn
neurons are coupled by low resistance pathways,
as is the case in other nuclei in early stages of
development. ‘JO Such electrical coupling through
low resistance pathways would also explain the
diffic~ties of obtaining reliable measurements of
neuronal input resistance as injected current would
spread to other neurons. Finally, it was noticeable
during the course of our experiments that several
neurons in close proximity would display rhythmic
activity. These observations, together with results
obtained recently in a study utilizing the dye Lucifer
Yellow injected into identified SPNs in the neonate
rat in vitro,” raise the interesting possibility that
sympathetic preg~~ioni~
neurons, the majority of
which are located in the IML of the ~oracol~bar
spinal ~~~d,3~~+5%5*S4
may be electrically coupled in
early stages of development.
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