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Involvement of medullary tail-flick related neurons
in descending facilitation evoked by chemical stimulation

of rat lateral habenular nucleus!
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AIM: To study effects of sodium Z-glutamate
microinjection into lateral habenular mucleus (LHN) of
rats on the firing of medullary tail-flick related neurons
and tail-flick reflex (TF). METHODS: Using
synchronous recording of unitary neuronal discharges
and TF induced by noxious heat. RESULTS:
Chemical stimulation of LHN induced an excitement of
the om-cell spontaneous activity, ap inhibition of the
off-cell spontaneous activity with an enhancement of
rate of on-cells increased from 5.8 +2.2 Hz t0 10.9+
3.4 Hz while the spontanecus firing rate of off-cells
decreased from 11.8 + 2.2 Hz to 6.1 + 2.2 Hz.
Meanwhile the TFL was shortened from 4.04 +£0.17 s
0 2.97 £0.13 s. CONCLUSION: The chemical

stimulation of LHN produced a facilitating action on
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nociceptive spinal defensive reflex. This effect is
brought out by the cooperation of on- and off-cells.

Habenular nuclens { HN ) may participate in
central mechanism of pain and nociceptive modulation.
Electric or chemical stimulation of the rat HN produced
an inhibition for noxious heat-induced wail-flick reflex
(TF)'Y). But there were some opposite results which
indicated that HN activation by both electric stimulation
and L-glutamate microinjection induced a decrease in
pain threshold'>** | The activation of medial
habenlar { MHN ) increased the tail-flick latency
{TFL ), whereas the activation of lateral habenlar
(LHN) decreased TFL'™Y ., The effect of HN on
behavior is probably mediated via some nuclei of brain
stem. The TF related cells, ie, on- and off-cells in
the rostral ventromedial medulla (RVM), were the
output elements of RVM which modulated nociceptive
wansmission at the spinal cord'®’. The off-cells
exerted an inhibitory effect’® and the on-cells were
likely 1o exert a facilitating action on spinal nociceptive
transmission. In the present siudy we observed the
effect of LHN activation by microinjection of sodium
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L-glutamate on the spontaneous firing and TF related
responses of on- and off-cells and the TFL.

MATERIALS AND METHODS

Rats Sprague-Dawley rats ( Certificate Ne 08-003) of
either sex. weighing 0.27 £ 5 0.03 kg (0.23-0.32 kg) . were
supplied by Center of Bxperimental Animals, Xi-an Medical
University.

Surgery preparation The rats were anesthetized with ip
sodium pentobarbital 40 mg-kg~'. and placed in a stereotaxic
frame after external jugular catheterization and tracheal
cannulation. A small cranectomy was made to allow passage of
a microelectrode into RYM.  For the microinjection study, a 25-
gage stainless-sieel guide cannula was inserted towards the aspect
of the LHN (3.6 — 4.3 mm posterior to bregma, (.5 -1 mm
lateral from medline, 4.3 — 4.7 mm below dura} and lowered fo
a position 1.5 mm above the intended injection site. A 31-gage
stainless-steel needle was inserted through the guide cannula so
that it protruded 1.5 mm beyond the guide tip.  As the effects of
initial anesthetic diminished, the rs were maintained in a light
anesthesia state by iv infusion of sodium pentobarbital to keep a
stable bascline TFL of 3.5 — 4.5 s and to prevent any signs of
discomfort.

Noxious stimulation and TF  The TF was elicited by
applying focal radiant heat from a projector lamp onto the
blackened ventral surface of the tail. The tail was attached 10 a
mechanoelectric bridge transducer.  The current which tumed on
the lamp meamwhile triggered the scan of oscilloscope, so that
the TF was recorded simultaneously with unitary discharges of
RVM peurons.  If no TF occurred, the heat was tumed off at
8s.

Recording from RVM  Unitary peuronal discharges
were extracellularly recorded from the RYM (9.8 — 11.3 mm
posteror to bregma, 0.3 mm lateral from medline. 8-9.5 mm
below dora) by plass microelectrodes. RVM neurons were
classified according to the system of Fields er af->'. On-cells
showed an abrupt increase while off-cells showed a sudden pause
in firing just before the TF., These neuronal responses were
time-locked to the TF rather than to the noxious heat stimulus so
they were megarded as the TF related responses.  After
identification of an on-cell or an off-cell, the spontaneous activity
was monitored for a period of 20 min.

Microinjection Microinjections were camied out using a
0.5 L syringe. Sodium Z-glutamate (50 nmol, 0.3 ul) or
equal volume saline was injected into the LHN in 4 min and the
spontanecils activity was again recorded. The TF-related
discharges of RVM neurons and TF were recorded every 5 min.

Histology At the end of the experiment, the
microinjection site and recording site were marked by pontamine
sky blue dye and were histologically localized!™ .

Statistics Data were expressed as & + 5 and analyzed by
¢-test for paired or unpaired values.

RESULTS

The effect of sodium L-glutamate microinjection
in LHN was tested on 11 on-cells and 9 off-cells,
which were all in the RVM (Fig 1).

Bregma
~-10.2

Fig1l. Coronal sections showing localization of 11 on-
cells (@) and 9 off-cells {4&). P, pyramidal tract; V,
trigeminal nucleus; W, facial nucleus and nerve.

Following microinjection of sodium L -glutamate,
the spontanecus firing rate of all on-cells {9/11)
increased except two unchanged. The spontaneous
firing rate increased from 5.8 + 2.2 Hz (before) 1o
10.9 + 3.4 Hz (10 min after microinjection, P <
0.05}. In the contrast, the spontaneous firing rate of
8 off-cells decreased and only one off-cell was
unchanged. The spontaneous firing rate of off-cells
decreased from 11.8 +2.2 Hz {before} 10 6.1 £2.2
Hz (10 min after microinjection, P <0.01} (Fig 2).

The onset of TF related responses of 9 on- and 8
off-cells, which reacted to sodium L-glutamate
microinjection in LHN, were zll advanced and the
duration of the TF related responses were prolonged in
some cases { Fig 3). Meanwhile the TFLs were
shortened from 4.04 £ 0.17 s (before) 10 2.97+0.13
s {10 min after microinjection} (n =17, P <0.01}.

All these effects occurred in 5 min., reached the
peaks in 10 ~ 15 min, and retured to the control value
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Fig 2. Spontaneous activity of on-cell and off-cell before and after soditm L-glutamate microinjection in LHN.
A) before, B) 10 min, and C) 35 min after microinjection.
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Fig 3. Effects of sodium L-glutamate in LHb on cell activity and tail movement.
A) before, B) 10 min, and C) 35 min after rmicroinjection.

in 35 min after the microinjection of sodimm L-  produce a decrease in TFL. This is consistent with our
glutamate . Microinjection with equal volumne of saline  previous swudy'® and the results from some
into LHN showed no significant change in on- and off-  laboratories'®* . But there are some opposite results
cell activity and the TFL for a period of 50 min after  from other laboratories’!? ) The different position
microinjection (n =5, P>0.05). of HN stimulation may account for this discrepancy.
DISCUSSION Different neural mechanisms may be activated by MHN

and LHN stimulation. As a result, the activation of

Microinjection of sodium L-glutamate into LHN  MHN increased TFL, whereas the activation of LHN
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decreased TFL? |

On the other hand, sodium L-glutamate
preferentially excites neurons but not the passing fibers,
therefore descreasing the TFL., Thus it is suggested
that increasing the activity of neurons in the LHN may
lead to facilitating action on nociceptive spinal
defensive reflex,

It is not very clear that the descending facilitation
of LHN is mediated by which nuclei of brain stem.
Some research indicated that the spontaneous firing
mtes of the nuocleus raphe magnus ( NRM) were
decreased by electrical stimulation of HN and increased
by HN lesion. (Other results showed that the
spontanegous firing rates of both pain-excitatory and
pain-inhibitory neuwrons of NRM were decreased by
LHN stimulation®. This indicated there was a
functional relation berween HN and NRM. Now we
recorded the TF related cell in RVM (included NRM) .
Its electrical-physiclogical characteristics comnsist with
Fields' reports'®. The activation of LHN induced a
significant excitement of the on-cell activity and
inhibition of the off-cell activity with an enhancement
of their TF-related responses and a decrease in TFL.
Therefore we suggest that the facilitating effect of LHN
activation on TF is bronght out by the cooperation of
on- and off-cells in RVM,
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