
Introduction
It is thought that the postganglionic sympathetic
fibers are controlled by preganglionic fibers which
originate from particular nuclei in the medulla
oblongata, thoracic spinal cord and upper lumbar
spinal cord, have a local autoregulatory mechanism,
and have direct effects on the functions of the car-
diovascular system as well as on the circulation of
hormones.
Recently, researches on the anatomical (Strack et
al., 1988), functional (Janig, 1985), and chemical
(Krukoff, 1985) characteristics of the preganglionic
fibers and synaptic inputs have become well
advanced. Therefore, we assume that by capturing

the activation pattern and response to stimulations
of the premotor nuclei which regulate the sympa-
thetic activities that are difficult to capture, and by
comparing these to other vital rhythms, it may
become possible to reveal the complicated mecha-
nism of the sympathetic activities, which in turn
will be useful in the treatment of diseases including
functional disorders of the sympathetic nervous
system.
The activities of the human postganglionic fibers of
the peripheral sympathetic nerves consist of skin
sympathetic nerve activity (SSA) (Burke et al.,
1977; Vallbo et al., 1979; Wallin and Eckberg,
1982), which controls the sweat glands and cuta-
neous vasomotion, and MSA (Hagbarth et al.,
1975; Yatomi et al., 1989), which controls the vas-
cular smooth muscles in the skeletal muscles. It is
possible to separately record SSA and MSA by
using microneurography (Hagbarth et al.,1972). In
the present study, by evaluating the interrelation-
ship between MSA and the diachronic changes in
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the action potentials which are generated in the
pons and medulla oblongata, we demonstrated the
existence of the sympathetic premotor nuclei which
generate the action potentials of the vasomotor
fibers of the sympathetic nervous system.

Materials and Methods
The study subjects were 10 male Wistar rats, each
weighing approximately 300 g. This study was
approved in accordance with the ethical code for
conducting animal experiments which was estab-
lished by Kyoto Prefectural University of Medicine
(approval number: M101).
Firstly, the room temperature was maintained at 26-
28°C and, after anesthesia was induced using pen-
tobarbital sodium (25 mg/kg), the rats were fixed
on a stereotactic table. The right sciatic nerve was
exposed, and a tungsten microelectrode with an api-
cal diameter of 1 µm and an impedance of 3 to 5
MΩ (Unique Medical Co., UJ3002B, Tokyo, Japan)
of the type below was inserted into the muscular
branch of the sciatic nerve and fixed to this site.
Thereafter, using an amplifier with a frequency
range of 500 to 5 kHz (Nihon Kohden Co.,
MEM4104, Tokyo, Japan), the action potentials of
MSA were induced.
Secondly, the pons and medulla oblongata were
exposed. A tungsten multimicroelectrode, made by
accumulating microelectrodes with an apical diam-
eter of 1 µm and an impedance of 3-5 MΩ, and with
which it was possible to simultaneously derive 28
potentials (Unique Medical Co., PS99006, Tokyo,
Japan) (Fig. 1A), was inserted from the dorsal side
of the transition between the head and neck, and
was fixed to a depth of 2.0 mm from the epidermis
(Fig. 1B). The time constant (TC) and the high cut
filter of the amplifier were set at 0.3 seconds and 3
kHz, respectively, and using this amplifier, the
action potentials of the pons and medulla oblongata
were induced. Moreover, a monitor (Nihon Kohden
Co., BSM8302, Tokyo, Japan) was used to monitor
and simultaneously record electrocardiograms
(ECG).

Figure1 : Methods of induction of the action poten-
tials of the medulla oblongata.
(A): A tungsten multimicroelectrode made by accu-
mulating microelectrodes with an apical diameter
of 1 µm and an impedance of 3-5 MΩ, and with
which it was possible to simultaneously derive 28
potentials, inserted in the sciatic nerve. 
(B): A tungsten multimicroelectrode which can
derive 28 potentials similarly put into the medulla
oblongata to a depth of 2.0mm. as shown by arrow. 

From 5 to 6 hours before awakening from anesthe-
sia, analog/digital (A/D) conversion at a sampling
frequency of 500 Hz was performed on the data of
the action potentials of MSA, the data of the action
potentials of the ventral side of the pons and medul-
la oblongata and the ECG, using a 12 bit A/D con-
version board (Keithley Instruments, Inc., KPCM-
CIA-16AI-C, Tokyo, Japan). The data of each
potential were downloaded into a personal comput-
er (Sony Co., PCG-F37, Tokyo, Japan), and were
recorded on the hard disc after digital processing.
After full-wave commutation was performed
offline, time reset integration was performed every
1 millisecond on the action potentials of MSA, and
the action potentials at the resting state were record-
ed. Moreover, the action potentials of the pons and
medulla oblongata were integrated every 1 millisec-
ond, and using spline interpolation, topographic
mapping (TM) was performed on the positions of
the electrodes in order to record the diachronic
changes in the distribution of the action potentials
of the ventral side of the pons and medulla oblon-
gata at rest (Fig. 2).
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Results
1) Action potentials in the pons and medulla oblon-
gata MSA, ECG and action potentials at rest, which
were recorded on the ventral side of the pons and
medulla oblongata, are shown in Fig. 3A. The
derived action potentials, which are designated as 1
to 28, indicate each neural activity on the ventral
side of the pons and medulla oblongata. In MSA,
regular spontaneous action potentials followed by
R-waves in the ECG were detected. 
2) Relationship between MSA and each neural
activity on the ventral side of the pons and medulla
oblongata The diachronic changes in the TM of the

action potentials at the resting state, which were
recorded on the ventral side of the pons and medul-
la oblongata during one heartbeat, are shown in Fig.
4. One heartbeat is designated as the distance
between 466.0 milliseconds (continuous line a) and
654.0 milliseconds (continuous line b) in Fig. 3A.
By integrating TM, the distribution of the action
potentials, which diachronically changed during
one heartbeat, could be observed. Especially at the
time point of 502,0 milliseconds (continuous line
c), clear and regular spontaneous action potentials
were observed on the ventral side of the pons and
medulla oblongata, (Fig. 3B). Action potentials

3

Figure 2 : Recording methods of action potentials.
(A): Action potentials of the medulla oblongata were recorded from a tungsten multimicroelectrode put into
the medulla oblongata using an amplifier set at TC = 0.3 and high-frequency cut-off at 3kHz. (B): The
ECGs were recorded using an amplifier set at TC = 1.5 and high-frequency cut-off at 60 Hz. (C): The MSA
was recorded from the right median nerve using an electromyograph with bandwidth filters set at 500Hz
and 5 kHz. Potentials were recorded with a hard disc after A/D conversion at 500 Hz and topographic map-
ping. ECG = electrocardiogram, MSA = muscle sympathetic nerve activity, EEG4400 = an electroen-
cephalograph (Nihon Kohden Co., EEG4400, Tokyo, Japan), BSM8302 = a monitor (Nihon Kohden Co.,
BSM8302, Tokyo, Japan), MEM4104 = an electromyograph (Nihon Kohden Co., MEM4104, Tokyo,
Japan).
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were generated in MSA 62.0 milliseconds after
generation of the action potentials in the rostral
ventrolateral medulla oblongata (RVLM) (dashed
line (d)), and this cycle was regularly maintained.
The mean interval between generation of clear
action potentials on the ventral side of the pons and
medulla oblongata and generation of action poten-
tials in MSA was 61.0±1.0 milliseconds.

Discussion
It is commonly known that the RVLM plays an
important role in blood pressure and its cyclical
regulation (Allen et al., 1988; Maeda et al., 1991).

It is assumed that the neurons in the RVLM can be
broadly classified into two types: those which con-
trol vasomotion (Hancock, 1982) in the skin and
muscles and those which control non-vasomotor
(Janig and McLachlan, 1986) functions of various
organs.
By retrograde and antegrade labeling using tracer
injections, it has been demonstrated that the effer-
ent fibers originating from the nuclei in the RVLM
terminate at the nuclei of the preganglionic sympa-
thetic fibers in the intermediolateral (IML) cell col-
umn in the thoracic and lumbar spinal cord (Amendt
et al., 1979). Destruction and inhibition of cells on

Figure 3 : Potentials and topographic mapping of medulla oblongata.
(A): Potentials showing the waveforms of medulla oblongata, integrated MSA, integrated ECG. From
line(a) to line(b) is the duration of one heartbeat. The line(c) is drawn just as action potentials were
observed in the ventrolateral medulla oblongata. Line(d) is drawn just where the action potentials of MSA
occurred. (B): Topographic mapping of medulla oblongata showed potential on line(c). The spontaneous
regular action potentials which synchronize with MSA were observed in the RVLM (shown by arrow. MSA
= muscle sympathetic nerve activity, ECG = electrocardiogram, RVLM = rostral ventrolateral medulla
oblongata.
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both sides of the RVLM decrease the blood pres-
sure, as observed when the spinal cord is severed
(Feldberg and Guertzenstein, 1976; Guertzenstein
and Silver, 1974). On the other hand, stimulating
the cells in the RVLM by topically injecting excita-
tory amino-acids increases the activities of the
vasomotor nerve fibers in the skin and skeletal
muscles (Dampney and McAllen, 1988).
Consequently, inhibition and stimulation of the

cells in the RVLM have immediate and substantial
effects on the sympathetic nerve activities, and we
therefore suggest that the cells, which control sym-
pathetic functions, exist in the RVLM.
On the other hand, MSA has spontaneous action
potentials which synchronize with the heartbeats
(Aramaki et al., 2001), and play a role in the control
of blood volume in the skeletal muscles and in the
regulation of blood pressure. In this study, by ana-

Figure 4 : The change of topographic mapping of the ventral pons and medulla oblongata.
Topographic mapping shown every 4 msec for one beat. The change of action potentials at a depth of
2.0mm in the pons and medulla oblongata were observed using topographic mapping. Action potentials of
the RVLM and pyramid were recognized in the pons and medulla oblongata. Especially, the spontaneous
regular action potentials were observed in the RVLM. RVLM = rostral ventrolateral medulla oblongata.
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lyzing the TM in the pons and medulla oblongata,
clear and regular spontaneous action potentials
which synchronized with MSA could be observed
in the RVLM. Since these action potentials were
generated prior to MSA, the regular spontaneous
action potentials, which were captured in the
RVLM, may have a close relationship with the
peripheral vasomotor functions. 
It has been suggested that without synaptic inputs,
some nuclei in the RVLM can act like a pacemaker
and show regular spontaneous activities (Sun et al.,
1988).
In this study, we have electrophysiologically
demonstrated the existence of premotor nuclei,
which generate the peripheral sympathetic vasomo-
tor preganglionic fiber activities at the resting state.
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