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Arcuate nucleus of hypothalamus involved

in analgesic action of I-THP!
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ABSTRACT

AIM To study the role of the arcuate nucleus of hy-
pothalamus in analgesic action of [-tetrahydropalmatine
[-THP . METHODS The horseradish peroxidase
HRP
bined with immunohistochemistry lesion of nucleus tail-

retrograde tracing HRP retrograde tracing com-

flick test and intra-PAG injection were used in the pre-
RESULTS HRP retrograde tracing results
showed that the striatum or accumbens nucleus connect
with PAG by two pathways 1
nucleus = arcuate nucleus > PAG 2

sent study .

striatum or accumbens
striatum or ac-
cumbens nucleus —habenula = PAG. It was found that
neurons in the arcuate nucleus projecting to PAG were
mainly 3-endorphin neurons as observed by HRP retro-
grade tracing combined with immuno-histochemistry.
After lesion of the arcuate nucleus the analgesic action of
[-THP 40 mg kg~' ip was abolished while lesion of
the habenula had no such effect. intra-PAG

injection of naloxone 2 3 pg could markedly attenuate
1

Moreover
the analgesic action of /-THP 40 mg kg™ ip in a
CONCLUSION B-Endorphin
neurons in the arcuate nucleus play an important role in
the analgesic action of [-THP.

dose-dependent manner .
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INTRODUCTION
[-Tetrahydropalmatine /-THP is the main active

ingredient of the Corydalis ambigua Cham et Sch or
called Corydalis turtshaninovii Bess f Yanhusuo YH
Chou et CC Hsu
tional medicine which possesses an analgesic action asso-

a famous analgesic of Chinese tradi-

ciated with remarkable sedative and tranquilizing ef-
fect ' 2 .
been listed in the Chinese Pharmacopoeia in the 1977
1985 1990 and 1995 editions.
analgesic mechanism of [-THP still remains unclear.

[-THP’s use as an analgesic or sedative has

However the exact

I-Tetrahydrophalmantine

Previous studies in our laboratory have shown that /-
THP is a dopamine D, receptor antagonist ®>* and it can
enhance the activity of descending brainstem pain modula-
tion system especially periaqueductal gray PAG by
blocking D, receptors in the striatum and accumbens nucle-
us and subsequently inhibiting the inputs of peripheral
pain afferent message at the spinal cord level > ¢ . It is
necessary to be clarified whether a direct descending neural
pathway exists from the striatum or accumbens nucleus to
the PAG or an indirect neural pathway which relays at oth-
er nuclei. The present study attempted to investigate the
pathway from the striatum or accumbens nucleus to PAG
by observing the influences of destroying the nuclei in the
pathway of the analgesic action of /[-THP. In addition
naloxone an antagonist to ;1 & « opioidergic receptors
was used to ascertain whether or not opioid peptides were

involved in the analgesic action of /-THP.
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MATERIAL AND METHODS

Materials 2 180
—200 g were supplied by Shanghai Animal Center
Chinese Academy of Sciences Grade [I Certificate No
005 . [-THP mpl141-142 C a p-—289°
ed by Shanghai Institute of Materia Medica was dis-
solved in H,SO, 0.1 mo} L™! and adjusted to pH 5.5
with NaOH 0.1 mol L™'. HRP and naloxone pur-
chased from Research Biochemicals International Compa-
ny USA  were diluted with normal saline.

HRP retrograde tracing  Rats were anaes-
thetized with sodium pentobarbital 40 mg kg~'!  then
0.5 pL of 30 % HRP was injected into the PAG arcuate
and habenula respectively using a glass micro-

Adult Sprague-Dawley rats

isolat-

nucleus
pipette with a tip diameter of 10 pum. The sites of injec-
tion were located in the PAG Bregma -6.04 mm R
0.5 mm H 5.8 mm arcuate nucleus Bregma
-3.8mm R 0.25mm H 11.5mm and habenula
Bregma -3.8mm R 0.7mm H 4.8 mm
spectively according to the rat brain atlas of Paxinos and
Watson 1997 edition  Fig 1
40 h rats were anaesthetized and then perfused intracar-
dially for 25 min with 2 %
0.25 % glutaraldehyde solution preceded by rapid saline

re-
After surviving for
paraformaldehyde and

flush. The brains were removed and postfixed in 20 %
sucrose fixative for 12 h and sunk in 30 % sucrose
overnight at 4 C. The brains were cut into 30 pm thick
transverse sections with a cryostat. HRP reaction product
in the brain sections were stained following the tetram-

ethyl benzidine-sodium tungstate =~ TMB-ST

78
Immunohistochemistry HRP-labeled brain sec-
tions were pre-incubated in 10 % normal goat serum for
1 h and incubated for 48 h at 4 C in B-endorphin anti-
body at a dilution of 1:1000 in 0.01 mot L' phosphate
buffer pH 7.4 with 1 % normal goat serum and 0.3 %
triton X-100. Sections were washed with 0.01 mot L'
phosphate buffer saline PBS and incubated for 1 h at
37 C in biotinylated goat anti-rabbit immunoglobulin G
solution 1:200 .
incubated for 1 h at 37 C in avidin-biotin-peroxidase
1:200 . After three washes with
the sections were then washed with Tris-HCI buffer

proce-
dure

Sections were washed with PBS and

complex solution
PBS
pH7.4 .

glucose oxidase-diaminobenzidine-nickel
9

The immune product was stained following
GDN  proce-
dure then brain sections were mounted dehydrated

and coverslipped with neutral balsam .

Lesion of nucleus After rat was anaesthetized
with sodium pentobarbital 40 mg kg~!
stainless steel electrode was inserted into the arcuate nu-

an insulated

cleus or habenula the sites of electrolytic lesion were the
same as the sites of HRP injection  with its tip extend-
ing 0.5 mm beyond the insulation. The arcuate nucleus
or habenula was bilaterally destroyed by passing an anodal
current of 5 mA for 20 s. Experiments were performed
At the end

tissue lesion was carefully checked by crysyl violet stain.

one week after lesion. the extent of brain

Bregma -6.04 mm

Fig 1. Sites of HRP injected in habenula Bregma
-3.8mm L 0.7 mm H 4.8 mm arcuate nucleus
Bregma -3.8 mm L 0.25 mm H 11.5 mm and
PAG Bregma -6.04 mm L 0.5mm H 5.8 mm .
Ha habenula Ar arcuate nucleus.

Tail flick test
using tail-flick test.

The pain threshold was assessed
The latency for a rat to flick its tail
away from a source of radiant heat was measured with
Tail Flick Timer 1.1 ITC Inc USA through applying
noxious radiant heat to stimulate the blackened undersur-
face of middle third portion of the tail. Tail-flick latency

TFL was recorded by the digital timer. The baseline
latency BL in each rat was kept from 3.0 s to 5.0 s.
A BL was established by three trails at 5-min intervals.
The TFL of trails at 10-min intervals was measured after
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drugs injection.
Intra-PAG injection
tracranial cannulae the rat was mounted on a stereotaxic

For implantation of in-

instrument under pentobarbital anesthesia 40 mg kg™
ip . Stainless steel guide cannulae of 0.3 mm outer di-
-6.04 mm R
0.5mm H 5.8 mm . The cannulae were fixed to the

ameter were directed to PAG Bregma
skull with dental acrylic. One week was allowed for sur-
gical recovery. Bilateral injection into PAG was per-
formed through a stainless injection tube of 0.25 mm out-
er diameter which was inserted into the guide cannula
with the former extending 0.1 mm beyond the tip of the
latter. Naloxone solution 5 gL was gradually injected
into PAG via a slow injection apparatus over a period of 5
min followed by NS 5 pL to flush the stainless injection
tube.

Statistical analysis HRP-labeled [(-endorphin-
labeled HRP and B-endorphin-double labeled neurons
TFL was

converted into % of the maximal possible effect. The

were counted under light microscopy x 100 .

% change of TFL was calculated according to the formu-

la %C= Tpy — Ty - Ty ' x100 %. Data x +
s were analyzed by ANOVA followed by Bonferroni ¢-
test.

RESULTS

HRP retrograde tracing After injecting HRP
into PAG HRP-labeled neurons were observed as green
granules in the arcuate nucleus and habenula by TMB-ST
stain Tab 1 Fig 2
bens nucleus.

but not in the striatum and accum-
The result indicates that the striatum or
accumbens nucleus do not directly connect with PAG

and that neurons projecting to PAG exist in arcuate nucle-
us or habenula. Moreover HRP-labeled neurons could
be observed in the striatum and accumbens nucleus by the
arcuate nucleus or habenula HRP retograde tracing Tab

2 . This result indicates that there are direct nerve fiber

Tab 1. Number of three kinds of labelled neurons in the
arcuate nucleus Ar and habenula Ha by PAG HRP re-
tograde tracing. n=4.
Endorphin-  Neurons double-
Brain arca  LRp-iabelled T blled labelled by HRP
neurons .
neurons and endorphin
Ar 16.3+£2.6 28.3+£2.8 12.8+0.8
Ha 6.3+2.2 no no

.A‘ Q:I Ep

B : 1
-
i —
" 40 p
S
Fig 2. Light micrograph showing HRP-labeled neurons

in the arcuate nucleus by PAG HRP retograde tracing
and staining with TMB-ST A  the double-labeled

neurons ! of HRP and B-endorphin in the arcuate
nucleus B . Bar=40 pm.
Tab 2. Number of HRP-labelled neurons in the striatum

and accumbens nucleus by Ar or Ha HRP retograde trac-
ing. n=4.

Brain area Ar HRP tracing Ha HRP tracing
Striatum 36.5+5.9 19.6+4.7
Accumbens nucleus 22.3x6.1 14.9+6.4

connection between the striatum or acumbens nucleus and
the arcuate nucleus or habenula but there is no direct
pathway from the striatum or accumbens nucleus to PAG.
The arcuate nucleus or habenula may be presumed a relay
station.

HRP retrograde tracing combined with im-
munohistochemistry By combining HRP retrograde
tracing with immunohistochemistry technique three kinds
of labeled neurons were observed in the arcuate nucleus
(D green HRP-labeled neurons by TMB-ST stain (@
gray [3-endorphin-immunoactivity neurons by GDN stain
(@ dark brown HRP and B-endorphin double-labeled neu-
rons which constituted 78.5 % of the HRP-labeled neu-
rons Tab1 Fig2 .
without double-labeled or [3-endorphin

However only one kind of HRP-
labeled neurons
neurons were observed in the striatum accumbens nu-
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cleus or habenula. This suggests that most of neurons in
the arcuate nucleus projecting to PAG are B-endorphin
neurons.

Influences of lesion of the arcuate nucleus or
habenula on the analgesic action of I-THP Ten
[-THP 40 mg kg~' ip
could markedly increase the pain threshold of rats and
the analgesic action lasted beyond 3 h. the
' ip was lost af-
P<0.01
sion of the habenula had no influence on the analgesic ac-
tion of [-THP Fig 3
cuate nucleus plays an important role in the analgesic ac-

min after its administration
However

analgesic action of /-THP 40 mg kg~
ter lesion of the arcuate nucleus whereas le-
The results suggest that the ar-

tion of [-THP and the habenula is not involved.

160
O LTHP (40 mgkg")
140 1 ®  Halesioning + -THP |
o A Ar lesioning + [THP
g 120
[
as 100 | ]
g sof \MI\\;
%‘) T
£ 60f
< <
< <
X sl /. < < b,
b
20
o 10 20 30 40 50 60 70 8 90
Time / min
Fig 3. Effect of lesioned arcuate nucleus Ar or le-

sioned habenula Ha on the percentage changes of TFL
induced by I-THP 40 mg kg™! ip . Ar lesion could
attenuate the increase of TFL induced by I-THP while
Ha lesion had no effect. n=6. ‘P<0.01 vs
I-THP.

xXxs.

Effect of intra-PAG injection of naloxone on
the analgesic action of I-THP Twenty min after ad-
ministration of [-THP 40 mg kg~' ip
jected naloxone 1 pg 2 pg 3 g or NS into PAG bi-
laterally .
crease in the pain threshold in the /-THP group.

rats were in-

Ten min after injecting /-THP there was an in-
The
pain threshold went on increasing in rats receiving intra-
PAG injection of 1 p«g naloxone or NS which showing
When
rats received intra-PAG injection of 2 pg or 3 pg nalox-

no significant differences with the [-THP group.

one there was a dose-related attenuation of the analgesic
action of /[-THP P <0.01 Figd . The results suggest
that 3-endorphin neurons in the arcuate nucleus are in-
volved in the analgesic action of [-THP.

160 ® LTHP 0mgkgh 7
O LTHP+NS
140 } [1 £THP+Nal(pg) |
B LTHP+Nal @ pg)
A ITHP+Nal(3
;J 120 | } al@Gpe) |
F !
P -
= 100 _
S s .
on
g
= 60 | c .
[} ¢ ¢ ¢ < €
X a0} c
< < < < <
20 ¥ ¢
(]

0 10 20 30 40 50 60 70 80 %0

Time / min

Fig 4. The increase of TFL induced by I-THP 40 mg

kg~! ip was attenuated by intra-PAG injection of
naloxone Nal . Arrow denotes time of intra-PAG in-
jection of Nal or NS. n = 6. ‘P<0.01 vs
I-THP.

X x S.

DISCUSSION

Our previous works have shown that after blocking
D, receptors in the striatum and accumbens nucleus
[-THP can enhance the activity of descending brainstem
and subse-

pain modulation system especially PAG

quently inhibit the inputs of afferent peripheral pain mes-
sage at the spinal cord level > © . This suggests the exis-
tence of a descending pain modulatory pathway from the
striatum or accumbens nucleus to PAG subserving the
analgesic action of [-THP. Since previous morphologi-
cal studies with HRP retrograde tracing did not show any
evidence of direct fiber connection from the striatum or
accumbens nucleus to PAG

suggested.

so a neural relay is highly
In the present study it was revealed by the
HRP retrograde tracing that the striatum or accumbens
nucleus sent nerve fibers to the arcuate nucleus or habenu-
la where the neurons projected to PAG. In other
words it is certain that the striatum or accumbens nucleus
could connect indirectly with PAG via the arcuate nucleus
or habenula. It is also considered that there are two neu-
ral pathways from the striatum or accumbens nucleus to
PAG one led from striatum or accumbens nucleus — ar-
cuate nucleus — PAG another from striatum or accum-
bens nucleus — habenula — PAG. Previous reports in-
ferred that the arcuate nucleus or habenula may be a neu-
ral relay in the descending pain modulatory pathway from
The

arcuate nucleus or habenula has been regarded as the ma-

the striatum or accumbens nucleus to PAG 1! .

jor link between forebrain structures and midbrain

nuclei ' . Our morphological results provide the evi-
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dence to support this hypothesis.

The present study attemptes to evaluate which neural
pathway from the striatum or accumbens nucleus to
PAG plays a relatively important role in the analgesic
action of [-THP.
would be expected that the analgesic action of /-THP be

If the pathway is indispensable it

substantially attenuated or decreased after lesioning of ar-
Our results showed that the
analgesic action of [-THP was abolished after lesion of

cuate nucleus or habenula.
the arcuate nucleus while lesion of the habenula had no
effect on the analgesic action. The results suggest clearly
that the following pathway striatum or accumbens nucle-
us — arcuate nucleus > PAG plays an important role in
the analgesic action of [-THP while the pathway via
habenula to PAG is not involved in the analgesic action of
[-THP. There are other reports which show that the
above mentioned two pathways are all involved in the
analgesic action induced by intra-accumbens nucleus in-

101013 wwhile electrostimulation of

jection of morphine
accumbens nucleus mainly elicited the analgesic effect via
the accumbens nucleus — habenula — PAG path-
W15 Thus

point that the analgesic action elicited by the forebrain

way most researchers agree to the view-

the striatum or accumbens nucleus
PAG 2 .
In the present study

is finally exerted by

another observation suggests
that 3-endorphin neurons in the arcuate nucleus are in-
volved in the descending pain modulatory pathway leading
from the striatum or accumbens nucleus to PAG. This
conclusion was based mainly on the following findings
1 most of neurons in the arcuate nucleus projecting to
PAG were (3-endorphin neurons as observed by HRP ret-
rograde tracing combined with immunohistochemistry
2 the analgesic action of /-THP could be attenuated by
intra-PAG injection of naloxone. Therefore [3-endor-
phin neurons in the arcuate nucleus play an important role

in the analgesic action of [-THP.
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