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ABSTRACT

Inhibition of the nociceptive Tail Flick Reflex (TFR) was observed with electrical stimulation of the
locus coeruleus/subcoeruleus (LC/SC) in the male Sprague—Dawley rats under light anesthesia, and
the involved neurotransmitter (s) were characterized. Electrical stimulation of LC/SC induced the an-
algesia with the stimulation threshold ( intensity of the current, given for 100 usec and in 100 Hz fre-
quency, which caused the TF latency longer than 6.5 sec) around 55 uA. Intrathecal administrations of
o, antagonist, yohimbine (30 ug) or opioid antagonist, naloxone (20 ug) increased the stimulation
threshold by 147% and 123% respectively (from 55 uA to 135 uA, and from 54 uA to 123 uA;P<0.01, n
=5, each) . The basal TF latency without stimulation (3.1 sec) was reduced by the antagonists (to 2.5
sec by yohimbine, P<0.05, n=S5; to 2.6 sec by naloxone, P<0.1, n=5), vehicle only did not show any ef-
fect. Noradrenaline (NA) in the spinal cord superfusates measured with HPLC was increased by the
LC/SC stimulation, from 4.18 ng/ml before to 7.74 ng/ml after stimulation (P<0.05, n=10).

The result suggest that analgesia induced by LC/SC stimulation is mediated, at least in part, by the
noradrenergic system in which @ receptor is involved, as well as the opioid system.
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nal cord, using fluorescence histochemistry

INTRODUCTION

The origin of noradrenergic fibers in the spinal
cord is known as dorsolateral pons (DLP), of
which the locus coeruleus/subcoeruleus (LC/SC)
is the major locus of the noradrenaline containing
cell bodies. A direct coeruleospinal pathway was
reported in rats to connect the LC/SC and the spi-
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(Nygren and Olson, 1977).

This coeruleospinal pathway has been suggest-
ed to be involved in the modulation of the noci-
ceptive transmission, and the transmitter involved
was suggested to be noradrenaline. Intrathecally
administered noradrenaline and @-adrenoceptor
agonists produced the antinociception (Reddy ef
al., 1980; Howe et al., 1983). Electrical stimulations
given to the LC/SC inhibited the spinal no-
ciception tested on the TFR (Jones et al., 1984),
and neuronal activity of spinal dorsal horn pro-
duced by peripheral noxious stimuli was de-
creased by LC/SC stimulation in cats (Hodge et



al, 1981) and in the rats (Jones and Gebhart,
1986). The neurotransmitter involved in the LC/
SC stimulation-induced analgesia was suggested
to be noradrenaline based on the profile of the
antagonist effects (Jones and Gebhart, 1986). This
analgesia generated from the LC/SC was suggest-
ed to be independent of the opioid system because
the LC lesion did not affect the antinociceptive
potency of the morphine (Ossipov ef al., 1985).

Still the direct in vivo evidence is lacking for the
release of noradrenaline during the analgesia in-
duced by the LC/SC stimulation. Using a spinal
superfusion system, the K* evoked release of sero-
tonin and noradrenaline from rat and cat spinal
cord was measured using HPL.C with an electro-
chemical detector (Yaksh and Tyce, 1980). Ham-
mond et al. (1985) also reported that efflux of 5-
hydroxytryptamine and noradrenaline into spinal
cord superfusates during stimulation of the rat
medulla.

The purpose of this experiment is (1) to charac-
terize descending inhibition of the nociceptive
TFR induced by LC/SC stimulation and (2) to
measure the concentration of noradrenaline in
spinal superfusates before and after LC/SC stimu-
lation.

MATERIALS AND METHODS

Male Sprague-Dawley rats weighing around
350 g were used in this experiment. Rats were ini-
tially deeply anesthetized for cannulation of the
femoral vein, catheterization in the spinal cord
and craniotomy with an intraperitoneal injection
of pentobarbital sodium (40~50 mg/Kg). The rats
were subsequently maintained in a light-anesthe-
tized state (with corneal and flexion reflexes pres-
ent) throughout the experiment with a continuous
intravenous infusion of pentobarbital sodium (4~
8 mg/Kg/h) . Body temperature was maintained at
36~37°C with an electric heating pad.

Spinal nociceptive tail flick reflex (TFR)

The TFR was evoked by focused radient heat
applied to the underside of the tail every 1 minute
at one of the 5 tail positions approximatly 1 cm
apart. The position along the tail was

systematically varied in order to minimize tissue
damage to the tail. Inhibition of the TFR was de-
fined as a TF latency more than 6.5 sec to mini-
mize damage to the skin of the tail. TFR test was
performed alternatively with and without the
supraspinal stimulation with the interval of 1min-
ute.

Brain stimulation

the electrode was introduced to unilateral LC/
SC area using a pulse motor microdrive manipu-
lator (Narishige, Japan) on the stereotaxic instru-
ment. Ready-made insulated tungsten electrodes
(125 um diameter, SM ohm, A-M systems) or stain-
less steel electrodes (250um, 5M ohm, A-M
systems) were used for brain stimulation. The co-
ordinate of LC/SC was 3.0 mm posterior to lamb-
da, 1.0~1.1 mm lateral, depth 6.0 mm to durama-
ter with incisor bar -10 mm to horizpntal plan.
Monopolar, cathodal constant current stimulation
at a frequency of 100 Hz and pulse duration of
100 usec was used in threshold determination.
The stimulation intensity was increased stepwise
until the TFR was inhibited, and the intensity of
the stimulation did not exceed 300 ©A or the in-
tensity where it caused spastic movements in ani-
mal. At each experiment, TFR test was per-
formed 10 sec after brain stimulation which con-
tinued until either the TFR was evoked or 6.5 sec
had elapsed.

Intrathecal administration

Catheterization of the spinal subarachnoid
space was done by the method of Yaksh and
Rudy (1976). A PE 10 catheter (A-M systems,
USA) was inserted through a transverse slit in the
atlanto-occipital membrane and threaded caudal-
ly 7~8cm to the lumbar enlargement for intra-
thecal drug administration. 30 g yohimbine HCI
(Sigma), 20 1g naloxone HCI (RBI) (both are dis-
solved in 10 artificial CSF) or the vehicle only
were administrated in flow rate 0.8ul/min, by au-
tomatic micro injector.

Measurement of noradrenaline (NA) contents in
the spinal cord

Desipramine HCI (RBI), an inhibitor of NA up-
take, was administered by intra peritoneal injec-



tion (10 mg/Kg) 1 hour prior to superfusion. A PE
10 catheter was inserted through a transverse slit
in the atlanto occipital membrane and threaded
caudally 7~8 cm in the subarachnoid space. This
catheter was connected with inflow syringe at 100
#/min for infusion of artificial cerebrospinal
fluid (CSF). After 30 minutes superfusion for
washout,superfusates was then subsequently col-
lected for 5 minutes at cisterna magna area using
20 gauge stainless-steel cannula by suction syringe
on ice. Electrical stimulation of 100 usec duration,
100 Hz frequency and 100 uA intensity, which is
nearly two times of basic threshold intensity, was
given to LC/SC. Electrical stimulation continued
for 1 or 5 minutes. The concentrations of NA were
determined in each sample of superfusates as de-
scribed previously (Park and Park, 1993) with a
slight modification. Briefly, 5 ¢l of concentrated
perchloric acid was added to 500 4 of collected
superfusates, then it was centrifuged and the
supernatent was collected. 34-dihydroxybenza-
mine (DHBA) 20 ng was added to 200 ¢ super-
natent as internal standard, then filter the super-
natent using ultrafilteration membrane (30,00
NMWL Filter unit, Millipore). For the HPLC
analysis, a C-18 reverse phase column (Nova-pak)
of 4 ym bid size and 0.5X12 cm dimension was
used. The composition of the mobile phase was
0.1 M NaH:PO, 0.1 mM EDTA, 1mM sodium
octylsuphate, and 9% methanol (pH 3.6). The flow
rate was | m1/minute. The electrochemical detec-
tor was used for the detection.

When using micro HPLC (BAS 200,USA) with
the C18 microbore column (BAS, Sepstik, USA),
same buffer was used in flow rate 30 z1/min by 2 ¢
1 injection volume including 100pg DHBA. The
separation was performed at 45° C, with the de-
tection temperature at 50° C. Quantitation of NA
was done by calculating the peak area and multi-
plying it by the conversion factor obtained from
the standard curves of NA and DHBA.

Histology

At the end of experiment, anodal electrolytic le-
sions (5uA, continuous current for 5 minites) were
made by lesion generator (Stoelting Co, USA) to
confirm the sites of stimulation. The brain was re-
moved and immediately frozen and cut in 30 um
coronal sections and stained with cresyl violet for

histological veification of the site of stimulation.
Statistical analysis

All data are presented as means * the standard
errors of the means. Statistical comparisons were
made using student’s paired t-test.

RESULT

Throughout the whole experiment, the intact
TFR (latency 3.1 + 0.3 sec) was verified after the
insertion of electrodes. Brain stimulation contin-
ued until either the TFR was evoked or 6.5 sec
had elapsed, since TF latency immediately after
LC/SC stimulation for 10 sec was 5.7 = 0.1 sec (n
=3). To determine LC/SC stimulation threshold
intensity, 3 consecutive inhibitions of the TFR
(each followed by a control TFR by 1 minute in-
terval) was established before drugs were
administered intrathecally.

Descending inhibition of nociceptive TFR by LC/
SC stimulation

Figure 1A shows the effects of antagonists on
the LC/SC threshold intensity. In the yohimine
group, the control threshold intensity which in-
crease the TF latency (6.5 sce) was 55.1 £7.5 1A
before the drug was introduced. This threshold in-
tensity increased to 1359 + 404 uA (P<001, n=
5) 10 minutes after the intrathecal administration
of yohimbine (30.g). Naloxone (20xg) also in-
creased the threshold intensity from 54.0t6.1 uA
before to 120.7+37.3 uA (P<0.01, n=5) 10 min-
utes after the administration. In control group, the
threshold intensity of 50.0£4.8 uA was hardly
changd to 55.8+7.2 uA after vehicle administra-
tion (P>0.1, n=4). Real surface temperature was
measured by thermocouple from TF latency value
(Fig.1B). TF latency of 2 sec corresponds to 39.3°C
+0.3, TF latency of 3 sec corresponds to 482°C+
0.4 and TF latency of 6 sec corresponds to 55.7°C
+0.4. The nociceptive thermal threshold greatly
increased from 45°C (TFR =3.1) at resting state to
57° C (TFR=6.5) during LC/SC stimulation (n=
6).

Tonic descending inhibition of the TFR

The intrathecal administration of yohimbine
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Fig. 1. (A) The effects of 30 ug yohimbine, 20 1g naloxone and vehicle on the LC/SC threshold intensity which in-
crease TF latency (beyond 6.5 sec). (B) The nociceptive thermal threshold corresponds to TF latency.
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Fig. 2. The effects of 30 1g yohimbine, 20 1g naloxone
and vehicle on the coptrol TF latency.

also showed the presence of the tonic descending
inhibition of the TFR by a NA component (Fig.
2). The mean pre drug control TF latency in ani-
mals receiving yohimbine and nloxone was both
3.1+0.3 sec. It was reduced to 2.5+0.4 sec (P<O0.
05, n=5) and to 2.6+0.5 sec (P<0.1, n=35) after
the intrathecal administration of yohimbine and
naloxone respectively. In control group, reducing
of TF latency was not observed; TF latency was 3.
1+£0.1 sec and 3.3+0.3 sec (P>0.1, n=4) before
and after vehicle administration respectively.

Histological findings

At the end of the experiments, anodal electro-
lytic lesions were made to mark the site of electri-
cal stimulation. Intact normal (A) and lesion (B)
of LC/SC could be differentiated in the same ani-
mal (Fig3). TF latency could be increased by
electrical stimulation from wide areas of the pons
(Fig4): anteropostriorly, from 9.16 mm to 10.3 mm
posterior to the bregma, and vertically from 6.4
mm to 8.6mm based on horizontal plane passing
through bregma and lambda on the surface of the
skull according to atlas of the Paxinos and Wat-
son (Academic Press, New York, 1982). Threshold
intensities were variable in DLP. 3sites (marked
withA) which had more than 300 uA of intensity
were outside LC/SC, but the others which had low
intensity (between 35 and 80 uA) located within
LC/SC except two sites, lateral parabrachial and
pontine reticular area.

Changes of noradrenaline concentration by LC/
SC stimulation

Desipramine (10mg/Kg), NA uptake blocker
was injected by intra peritoneal injection 1 hour
before superfusion. After washout period for 30
minutes, sampling of spinal superfusates began
subsequently for 5 minutes before and after LC/



Fig. 3. Representative photomicrograph of a coronal
section through the LC/SC. Normal LC/SC (in
figure A) and lesion of LC/SC (marked with *,
in figure B) could be seen at the same slide.
Mesencephalic trige-mimal tract (me5) and
parts of motor trigeminal nucleus (Mo5) could
be seen.

SC stimulation at 100 z4/min flow rate of artificial
CSF. Figure 5 shows that representative peaks of
authentic standard (A), of spinal superfusates be-
fore (B) and after LC/SC stimulation (C) using
micro HPLC. Significant increases of NA concen-
tration in superfusates were observed at the 7 ex-
periments from totoal 10 experiments. Average
concentration of NA increased from 4.18+1.03 ng
/ml to 7.74+1.84 ng/ml (P<0.05, n=10) by LC/SC
stimulation. Peak of dopamine was also detected,
there was no significant change in the dopamine
concentration by LC/SC stimulation (data are not
shown).
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Fig. 4. The stimulation sites are portrayed on the serial
coronal brain sections in the dorsolateral pons
(DLP). The sites which showed low intensity
(lower than 80 uA) were mostly within LC/SC
area except parabrachial nuclei and pontine re-
ticular area (in coronal section, P9. 68) Num-
bers to the left of each section indicate distance
in mm poterior to the bregma according to the
Atlas of Paxinos and Watson. Three kinds of
marks indicate stimulation sites; lower than 60
A(@®), between 60 and 80 ~A(M) and over than
300 A(A) of threshold intensity.

Abbreviations:
LC/SC; locus coeruleus/subcoeruleus
LPB; lateral parabrachial nuleus
PnC; pontine reticular nucleus

DISCUSSION

Descending inhibition of nociceptive TFR by
LC/SC stimulation and neurotransmitter (s) medi-
ating that inhibition was characterized in this ex-
periment. The connection between LC/SC and
spinal cord was well confirmed by anatomical
studies. Bjorklund and Skagerberg (1982) reported
that LC/SC is responsible for 30~40% of the total
spinal noradrenaline innervation in rat. In
immunocytochemical study, Westlund et al. (1983)
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Fig. 5. Representative peaks of authentic standard (A), of spinal superfusates before (B) and after LC/SC stimulation
(C) using micro HPLC (BAS 200, USA). The peaks are marked which chromatograph with NA (@), DHBA ()
and dopamine (A). Figure A shows one of the authentic standard runs. From the left, the peak of NA (150pg),
DHBA for internal standard (60pg) and dopamine (60pg) could be seen. Before stimulation, NA concentration
was 8.4 ng/ml with 100pg DHBA. After stimulation, concentration of NA increased to 16.2 mg/ml. The concen-
tration of dopamine was 14.9 ng/ml at resting release. On contrary to NA, concentration of dopamine did not
increased after LC/SC stimulation. (Flow rate: 30 ¢/min, injection volume: 2 g, Colume size: 100X1 mm 3 z
C18 microbore column (BAS, Sepstik, USA) in oven temp 45°C)

reported that LC/SC in rat contains the major
portion of neurons retrogradely labeled with do-
pamine-beta-hydroxylase antibody from the spi-
nal cord, divided equallly between the LC and SC.

In our experiment, brain stimulation initiated
10 sec prior to the application of heat to the tail,
since the optimal intervals between the onset of
brain stimulation and heating of the tail was 10
sec (Sandkuhler and Gebhart, 1984). The effect of
descending inhibition produced by focal electrical
stimulation was maintained only for the period of
stimulation. So, brain stimulation continued until
either the TFR was evoked or 6.5 sec had elapsed.
TFR was checked after the placement of elec-
trode in LC/SC each time to rule out any mechan-
ical damage by the electrode insertion. Most of
sites which showed low threshold intensity were
within LC/SC, but stimulation of part of
parabrachial nuclei and of pontine reticular area
also increased the TF latency (Fig4). Both @

adrenoceptor antagonist (yohimbine) and opiod
antagonist (naloxone) significantly increased the
stimulation intensity required to inhibit the TFR.
Both antagonists also tended to decrease the basal
TF latency although it was not statistically signifi-
cant for naloxone. This suggests that a descending
noradrenergic system contributed to the tonic in-
hibitory influence on the TFR in resting state.

The current result with yohimbine is consistent
with the previous report by Jones and Gebhart
(1986) but that of naloxone was different. The
cause of the discrepancy is not clear at present
time. But, it is quite possible that a slight change
in the stimulation method or the dose of drug
result in the different state of analgesia, consider-
ing the complicated parallel pathways involved in
the stimulation produced analgesia (SPA) or
stress induced analgesia (SIA). Recently Watkin
et al. (1992) reported both nonselective opioid an-
tagonist naltrexone and combined blokade of all 3



classes (148, and «) of opioid receptors antagonized
all of the "non opioid" analgesias including tail
shock anesthesia, hind paw foot-shock and cold
water swim induced anlgesia. They suggested that
all endogenous analgesia system might in fact be
opioid at the level of spinal cord. Stress induced
analgesia (SIA) is partly dependent on nor-
adrenergic system. Luis et al. (1990) recorded LC
neuronal activity changes before and after im-
mobilization stress in rat and concluded that
adaptive changes occurred in the noradrdnergic
system following acute or chronic stress. Although
SPA induced by LC/SC stimulation in our experi-
ment is not a normal physiological situation, de-
scending inhibition via centrifugal pathway is
analogous to the SIA. It’s probable that parallel
activation of multiple spinal opioid processes oc-
curred by NA released from noradrenergic termi-
nal. Our data also support the work by Sawynok
and Reid (1987) suggesting that central NA path-
ways were critical to the expression of morphine
analgesia. Analgesic effect of morphine was re-
duced following spinal NA depletion. The in-
crease of TF latency by LC/SC stimulation in our
experiment is not due to the inhibition of motor
component in the spinal dorsal horn. In previous
works, either LC stimulation (Strahlendorf et al.,
1980) or iontophoretically administered norad-
renaline on the spinal ventral horn facilitated
their excitability (White and Newman, 1980) rath-
er than inhibition of the motorneuron activities.
After the first report of Crawley et al(1979)
about noradrenergic metabolite levels by LC stim-
ulation, experiments of Yaksh and Tyce (1980)
showed the possibility of collecting and measur-
ing monoamines which overflow from spinal ter-
minals. Increased concentration of monoamine
during SPA also reported by Hammond et al.
(1986). They reported that, in rats, pre treated
with desipramine, the efflux of NA was increased
during stimulation of the nucleus raphe magnus
and the nuleus reticularis paragigantocellularis.
In our experiment, increase of NA in the spianl
cord superfusates also could be observed in vivo
using HPLC by LC/SC stimulation and it’s con-
firmed that NA is one of the putative neurotrans-
mitters mediating SPA, and it was suggested that
@ receptor is involved because yohimbine re-
duced the analgesic effect by LC/SC stimulation.

The opiate anlgesias are initiated supraspinally
and different descending pathway activate differ-
ent spinal opiate process. It was reported that the
descending serotonin pathway interacted with a
spinal « system (VonVoighlander ef al, 1984),
while a noradrenergic pathway interacted with #
site (Ossipov et al., 198%;Ossipov et al, 1990;
Spanos et al., 1989). Probably LC/SC stimulation
induced analgesia in our experiment is due to
noradrenergic activation as well as parallel
activation of multiple spinal opioid process.
Using specific opioid receptor antagonists, the
study of sereial or parallel interaction mechanism
between specific opioid receptors and nonopioid
analgesia is necessary to elucidate pain modulato-
ry system and to settle the concept of opioid and
nonopioid analgesia in spinal level in future.
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