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infiuence of morphine microinjected into head of caudate nucleus

on clectric activities of nociceptive neurons in parafascicular nucleus

of rat thalamus

LI Bai-Yan!, XU Tun

(Department of Physiology, Harbin Medical University, Harbin 150086, China)

ABSTRACT Morphine (8 ug/ul) was injected
into the hecad of the caudate nucleus (CN). The
pain-discharges of the pain-excitation neurons
(PEN) in the parafascicular nucleus (Pf) were
inhibited, ie, decreasing in frequency of pain-
discharges ard lengthening in latent period of
pain-discharges. The inhibitory effect of the
pain—inhibition neurons (PIN) in the Pf induced
by noxious peripheral stimulation were relieved,
ie, increasing the firing rate and shortening the
inhibitory duration. The opiate receptor an-
tagonist naloxone (0,75 mg/kg, ip) blocked the
zbove cffects of morphine. These results suggest
that the intracaudate opioid peptide system play
an important rtole in the modulation of pain
information in the Pf of thalamus.
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The parafascicular nucleus (Pf) of thal-
amus is closely involved in the production
of pain and plays an important role in
integrating pain information from the spinal
cord®), The caudate nucleus (CN) is
an important structure of the extrapyramidal
system in the regulation of motor func-
tion and plays role in pain modulation
and in acupuncture analgesia. Caudate stim-
ulation increases the pain threshold®> and
reduces the nociceptive respeisest®. Elec-
troacupuncture elicits an increase in pain
threshold and rise in endogenous opioid
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peptides level in the perfusate from the an-
terior part of the head of CN, and micro-
injection of naloxone into CN blocks the
effect of electroacupuncture®’, CN partici-
pates actively in acupuncture analgesia, and
the analgesia produced by caudate stimula-
tion seems to be similar to that by acupunc-
ture®, The local electric stimulation of
CN inhibits the nociceptive responses of Pf
neurons‘®’”?, The systemic application of
naloxone produces the facilitated effect on
the pain-discharges of Pf neurons, and the
inhibitory effect of caudate stimulation is
removed®. PBoth the caudate stimutation
and microiontophoretic morphine into Pf
inhibit the pain-discharges of Pf neurons
and this effect can be blocked by naloxone
applied microiontophoretically¢®?>, These re-
sults demonstrate a possible involvement of
CN in modulatory process of pain infor-
mation in Pf, and suggest that the possible
involvement be via the activities of intra-
caudate opioid peptide system. In this
paper, the techniques of microinjection and
standard microelectrode were used to obscrve
the effect of morphine on the electric activ-
ities of pain-excitation neurons ( PEN)
and pain-inhibition neurons (PIN) in Pf
of thalamus.

MATERIALS AND METHODS

492 adult o Wistar rats, 267 + SD
28 g, Were anasthetized with a mixture (10
ml/kg, ip) of 194 chloralose (Beijing Chem-
icals Factory) and 109 urethane (Shang-
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hai Chemicals Factory) and placed in a
stereotaxic apparatus. The electrode and can-
nula were placed in the Pf thalami and CN
head through a 3 mm hole in the skull, D-
Tubocurarine chloride (Colbrook Bucks,
England) was given (1 mg/kg, ip) to im-
mobilize the rat and experiments Were con-
ducted under artificia] respiration. The body
temperature was kept at 36-38°C The ex-
periments Wwere divided in 3 group: mor-
phine HCl (Shenyang Pharmaceuticals, §
ug/ul, 2 min, intracaudate injection):
naloxone HCI(Endo. Lab,, USA, 0.75 mg/
kg, ip) + morphinc HCl: and saline
group (NS) (1 pul, intracaudate injection).

The single unit discharges of Pf neu-
rons Were recorded by microelectrode (0,5 —
1.0 pm, 10-30 MQ) filled with KC! 3
mol/L. According to the Pellegrino’s atlas,
the microelectrode was inserted into Pf (RC
= —-2.2— —-2.8mm; R = 1,2—1.6 mm;
DV = 5.5 —¢.5mm) and microinjection
site was determined in the CN head (RC=
2.0—3.0 mm: L =2,5—3,5mm; DV =
4,5—-5.5 mm).
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For microinjection, a stainless steel
cannula consisting of an inncr tube (.3 mm
diameter and an outer tube (.45 mm diam-
eter was used. The tip of the inner tube
protruded out 2.0 mm. Morphine HCI and
NS were injected into the head of CN by
a motor—driven continuous slow injector at
a rate of 0.5 pl/min.

The train of electric impulses to sci-
atic nerve (wave width 0.3 ms, frequency
200 Hz, train length 25 ms and intensity
40 V) and pinching tail with clamp Wwere
used as the noxious peripheral stimulation,
while the flexion of joint and the touch
of back skin were employed as the non-
noxious stimujation.

At the end of experiments, the record-
ing and injecting site were marked by 29
solution of pontamine sky blue dye in so-
dium acetate buffer (,5mol/L from the
microelectrode with an anodal current (30
pA, 20s) or microinjection (1pl, 2min).
The brain was removed and stored in 10 %
formalin solution for 3-5d. Frozen section
(40 pm) were cut and stained with neutral
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Fig 1. Inhibition of pain-discharges of pain-excitation neuron (PEN) and excitation of pain-
discharges of pain-inhibition reuron (PIN) in the parafascicular nucleus (Pf) induced by morphine
microinjected into the head of the caudate nucleus (CN). | Stimulation of sciatic nerve,



red for verification of the position of the
tip of electrode and cannula.

The unit discharges of Pf neurons were
displayed on oscilloscope and recorded by
tape recorder, and the data were processed
through KDS-1 A medical processor. The
histogragh was drawn by Z 3-304 function
recording instrument, Experimental data
were treated statistically by t test. Only
the data in which the electrodes were com-
firmed to be in Pf were used. The locations
of the cannulae were histologically examined
by dye marks.

RESULTS

Influence on PEN Electric activities of
34 PEN before and after microinjecting mor-
phine were made in 31 rats. The paind-
ischarges of 949 (32/34) PEN were inhib-
ited obviously and enduringly by mor-
phine, ie, decrease and disappearance in pain-
discharges and lengthening in latent period
of nociceptive responses (Fig 1). The net
value of increase in frequency was regard-
ed as the standard of change in frequency
of pain-discharges(difference of the average
frequency of discharges after and within
2s before noxious stimulation), The net
value of discharges decreased obviously from
15,2 £ 5.0 to 3.2 40,8 Hz after inject-
ing morphine. The effect of morphine was
most obvious at 2 min after injection. The
inhibitory ¢; of pain-discharges (decrease
in 9% of net value of frequency of pain-
discharges after injection) increased from (
up to 78.6 + 9.9%. Morphine micro-
injected into CN head not only inhibited
the pain-discharges but also lengthened the
latent period in 889% (30/34) PEN, the
latent period increased from 129+ 34 to
274 + 65 ms at 2 min after microinjec-
tion. The difference between the data after
and before microinjecting morphine and be-
tween the date microinjecting morphine and
NS were statistically significant (P<{0.01)
The morphine effect disappeard at 10 min
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Fig 2, Effect of morphine microinjected into
the CN head on the pain-discharges of PEN
(n=34) and PIN (n=27) in Pf. (o) normal
saline (NS), ( @ ) morphine, (4 ) naloxone +
morphine, ( x) shows the begining of micro-
injection, z+SD, *P>0.05, **P<0.05, ***P<
0.01 vs befere injection 1P>(,05, 'tP<0.05,
MP<0.01 vs NS,

after microinjection (Fig 2),

NS microinjected into CN head had no
effect on the pain-discharges and latent
period of PEN. The naloxone administrated
ip 2 min before microinjecting morphine
blocked completely the cffect of morphine.

Infivence on PIN The morphine re-
lieved the inhibitory effect in 8994 (24/27)
PIN, ie, inhibitory duration shortened ob-
viously or disappeared and the frequency
of discharges increased (Fig 1). Before
microir:jecting morphine, the inhibitory dura-
tion was 2.1 + 0.5 s and the firing rate
was —11.4 4+ 2.1Hz. At 2 min after
microinjecting morphine, the inhibitory dura-
tion shortened to 372 + 48 ms and the
firing rate increased up to 1.0 + 0.3 Hz,
the ¢ of change in inhibitory duration
(shortening in ¢ of inhibitory duration
after injection) increased from ¢ to 79%.
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The difference between the data after and
before microinjecting morphine and between
the data microinjecting morphine and NS
were statistically significant (P<0.01).
The morphine effect disappeared at 12 min
after microinjection (Fig 2).

NS likewise had no cffect on the elec-
tric activities of PIN in the Pf and the
morphine effect also blocked by naloxone.

DISCUSSION

Pf of thalamus has been known as
one of the most important structure in pain
integration®’, The involvement of the head
of CN in pain modulation and processing
the pain information in Pf has been demon-
strated by recent studies®*™, in thc present
work, the opiate receptor agonist morphine
microinjected into the head of CN inhibits
significantly the nociceptive responses of Pf
neurons, including PEN and PIN, and the
inhibitory effect of morphine can be blocked
by naloxone administrated ip. This result
was similar to that of caudate stimulation
and that of microiontophoretic morphine
into Pf directly, in addition, the inhibitory
effects of caudate stimulation and micro-
iontophoretic morphine on the nociceptive
responses of Pf ncurons can also be antago-
nized by microiontophoretic naloxoric into
P, The resuits from the present work
and the previous studies suggest that the
inhibitory effect of CN on the nociceptive
responses of Pf involve in endogenous opiate
peptides, When CN excites, the activities
of the nociceptive neurons in Pf are inhi-
bited. So it is considered that CN play a
modulatory role in the pain information in
the thalamus.

The present work has proved that nal-
oxone can antagonize the effecct of mor-
phine, but. under the conditions of present
work, a definite conclusion has not been
drawn whether naloxone blocks the opiate
receptors in CNU® or in Pf") So the fur-
ther siudy will be needed,

On the other hand, the inhibitory effect
of morphine on the nociceptive responscs
of Pf neurons can take place directly,
so the faster action of morphine post-micto-
injection is observed in present experiments,
And this result has been sopported by elec-
trophysiological‘® and morphological¢!?!'®
studies, It is not clear that why the anal-
gesia of morphine in the brain is shorter
in spite of its T, js over 1h, but the
similar experimental results¢®+'*) have been
reported. The result of present work is also
consistent with that of ip morphine'®), but
ip morphine is via periagueductal gray area
(PAG) to exert inhibitory effect on the
nociceptive responses of Pf and the analge-
sia of ip morphine lasts longer than that
of intracaudate injecting morphine. The rea-
son is probably because of the different
administrating road.

In CN, many kinds of neurotrans-
mitters and neuromodulators exist, for ex-
ample, acctyicholine, dopamine and endoge-
nous opiate peptides. Currently, it has been
suggested that these ncurctransmitters par-
ticipate in pain modulatory process of thal-
amus and the interrclationships among them
in analgesia of CN is to be clarified.
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Roles of periaqueductal gray and nucleus raphe magnus on analgesia

induced by lappaconitine, N—deacetyllappaconitiné and morphine

GUO Xin, TANG Xi-Can

(Shanghai Institute of Materia Medica, Chinese Academy o} Sciences, Shanghai 200031, China)

ABSTRACT In the rat tail flick test, ip LA
¢ mg/kg, icv DLA goug and icv or ith mor-
phine 5pg exhibited significant analgesia. But ith
either LA 40ug or DLA g0 ug was inactive.
Naloxone (4 ug icv) which antagonized morphine
analgesia failed to alter the analgesia induced by
LA and DLA. Microinjection of DLA 20 ug or
morphine 5Spg into the periaqueductal gray
(PAG) or nucleus raphe magnus (NRM) pro-
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duced markedly analgesic activity. The effects of
electrolytic and kainic acid (0.8ug) lesions of
the P45 and NRM on the analgesia elicited in
the rat from ip LA, icv DLA and morphine were
also evaluated. No change in baseline tail flick
latency was observed following lesions of the
PAG and NRM. But lesions of the PAG and
NRM significantly attenuated the analgesia me-
diated by LA, DLA and morphine. These results
suggest that superspinal sites, especially the PAG
and NRM, are involved in the analgesic action



