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Central expression of c¢-fos protein after peripheral noxious thermal

stimulation in awake rats!
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ABSTRACT This study applied
chemistry method to examine the partern of c- fps
expression in the neuraxis following peripheral noxious
thermal stimulation accomplished by tmmersion of tail
of awake rat into hot water {50°C)}. In unstimulated
control rats, no obvious baseline expression of c-fos
protemn was fr mnd except in pucleus paraventricularis
hypothalami : ~
ed with restraint-induced stress and auditory sumulus,

i eolliculus inferior, probably associat-
respectively. MNoxious thermal stimulation resulred in
the activation of o for expression , and bilateral
increased nuclear immunostaining was counted in dor-
sal horn of lumbar and sacral segments of spinal cord
{laminae I. II), nucleus raphe dorsalis, substentia
grisea centralis {ventralis), nucleus paraventricilaris
thalami, nuclens anterior thalami, nucleus ventralis
thalami. nucleus medialis thalami, nucleus reuniens.,
nucleus rhomboideus. nucleus habenulae lateralis, nu-
cleus paraventricularis hypothalami, nucleus arcuatus.,
nucleus lateralis hypothalami, nucleus preopticus later-
alis» nucleus septi lateralis , nucleus amygdala, nucleus
striae terminsalis, nucleus tractus diagonalis, and cor-
tex cerebri. The results demonstrated that peripheral
noxious stimulation induced central c- fos protein ex-
Ppression in a pattern of labeling nociresponsive cells.

EKEY WORDS pain; proto-oncogene proteins c-fos;
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stimulation

Proto-oncogene ¢-fos belongs to a family
of cellular immediate early genes. Its expres-
sion within some neurons can be induced in
response to membrane depolarization resulted
from a variety of stimuli'V. Its protéin prod-

uct, c- fos protein, has been viewed as the 3rd
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immunohisto- _

messager which acts as a transcriptional regu-
lator that couples extracellular signals to alter-
nations in gene expression‘®, and it presents a
valuable tool as a metaboli¢c marker for neu-
ronal activity at cellular level, with a higher
resolution and a wider application than 2-
deoxyglucose auwtoradiography®.  Although
the usefulness of c- fos protein expression
evoked by noxious stimulation has been pro-
posed ,
level” or done on animals under anesthesia‘®,
which itself was among factors that affect c-
Jfos protein expression. In this study. we try
to undertake a quantitative study of c-fos 2x-
pression at various central levels following pe-
tipheral noxious thermal stimulation in awake
rats in order to give a more precise and com-
prehensive understanding of the involvement
of certain nuclei relevant to nociceptive regula-
tion under physiological condition.

MATERIALS AND METHODS

Chemicals Polyclonal antibody sgainst c- fos pro-
teie and ABC kit were purchased from Oncogene Sci-
ence, UUSA and Vector Laboratories. USA, respec-
tively. Paraformaidehyde and diaminobenzidine were
the products from Merck and Sigma, respectively.

Noxlous stimulation Experiments were done on
2 Sprague-Dawley rats (form Shanghai Institute of
Planned Parenthood Research), weighing 201+s 14 g.
Rats were housed with food and water ad fis.  Be-
cause c-fos protein can be evoked by various semsory
stimuli, all the rats were gentlely banded with Shur-
tape around the body leading to a comfortable position.
To avoid nonspecific c- fos protein elevation, study was
performed under quiet surrounding at a room tempera-
ture of 20°C. In awake rate receiving péripheral

the wortk was limited at the spinal
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noxious thermsl stimulation, the caudal 1/3 of their
tails were immersed in 50°C water for 10 s per minute.,
and 10 5 was generally the lateney of tail flick raflex.
The whole stimuli lasted 1 h and then the rats were
killed. In control, awake rats were restrained without
immersion of their tails into hot warter.
Immonchistochemistry  Rats were anesthetized
with sodium pentcbarbital (40 mg+kg™", ip) and per-
fused via aorta with 200 ml ol normal saline, followed
by 400 ml of (reshly prepared 4% paraflormaldehyde in
phosphate-buffered 0.1 mol » L™ saline (PBS, pH=
7.4). The brain and spinsl cord were then removed
and postlixed in the same fixative at 4'C overnight and
then cryoprotected in PBS with 309% sucrose at 4T un-
Serial sections (25 pm) of the
brain and spinal cord were cut transversely on a freez-
ing microtome and collected in PBS, and every 8th slice
was processed for c-fos protein by avidin-biotin tech-

1] the tissue sank.

nique.

After three 10-min washes in FBS, the sliees were
incubated in PBS with 10% normal goat serum and
0. 3% Triton X-100 for 30 min at 20. The sections
were incubated witn polyclonal antibody against c- fos
protein diluted with 1% normal goat serum and 0. 8%
Triton X-100 in PBS {(dilution 1:4000) for 4 hat 37C .,
followed by overnight incubation at 4'C. After three
10-min washes in PBS, sections were processed by
commercial ABC kit. Settions were incubated in a
second antibody (dilution 1:100) for 30 min at 207C.
Afrer three 10-min washes 1n PBS, sections were inca-
bated in ABC reagent for 1 h ar 20C.
three 10-min washes in PBS, the sections were finally
incubated with 0. 05% diaminobenzidine and 0. 02%
H:O; in Tris-HC! buffer 0. 1 mol -L7'{pH=17. 2}
for 10— 30 min at 207C. After the reaction was com-

Following

pleted, the sections were air-dried and cover-slipped.

Immunohistochemiceal staining was abolished by omis-
sion of primary antibody from the protocol.

Cell counts were performed under light micro-
scope at 100 X. MNuclear groups were identified'®™.
Camera lucida drawings of the immunoreactive nuclei
were undertaken on representative sections. Each dot
represents one labeled neuronal nucleus.

Statlstics Results were expressed as ¥+ 5, and
statistical significance was calculated by ¢ test.

RESULTS

Spinal cord Little c-fos protein im-

munoreactivity was found in control rats.
Noxious thermal stimulation induced bilateral
c-fos protein markedly in laminae I—II, mod-
erately in laminae III—IV, and slightly in lam-
ina X of lumbar and sacral segments of spinal
cord. In contrast, no significant augment of
immunoreactive neurcnal nuclei was revealed
in cervical and thoracic spinzl cord after the

stimulation {Tab I. Fig 1).

Tah 1. Nomber of c- fox protein immunogreactive

neuronal noclel in bilateral sides of the spinal cord in

rats receiving noxioos thermal stlmulation. =t s,
*P>>0.05, TTP<0.05, "' P<{.01 vs control.

Laminar regions Control Stimuleted
(n=13) (n=4)
Cervical 1—1I 0.0x0.0 0. 030.0"
mnm—-1v 0. 01+0.0 0. 0+0.0"
v—VI 3. 0x0.0 0.01+0.0°
VII-IX 0.01+0.0 0.310.5°"
X 0.31+0.6 0.0+0.0"
Thoracie 1—11 0.31+0.86 0.03+0.0°
mnm—1iv 0.01+0.0 0. 0x0. 0"
V—VI -0.0£0.0 . 0x0. 07
VII—-IX . 0.31+0.6 0.310.5"
X 0.04+0.0 0.0+£0.0"
Lumbar I—1I 0.3+0.6 18. 0+3. 0"
n1—1v 2.310.6 2.8+1.3""
V—VI 0.040.0 1.3+1.0°
VII—IX 0.0+0.0 0. 3+0.5"
X Q.O0L£0.0 1.5+1. 9"
Sacral  [—1I 0.0£0.0  22.0+5 07"
Im—Iv *3+0.6 2.04+1.58°
V—VI - 0.04+0.0 2.0+2.37
VII—IX o 0.010.0 " 0.0x0.0"
X 0.0+0. 0 1.5+1.6°

Brain stem Survey was undertaken of
c- fos expression within some nuclear groups in
brain stem, namely. DR, RMG. RP, RGC,
SN, CG. 5, IC. Cluster of c-fos

immuncreactivity was found in CG (ventralis)

and

and DR in rats receiving noxicus thermal stim-
ulation (Tab 2, Fig 1).
generally shown in  brain

Low level of c-fos
expression was
stem except IC. But following noxious thermal
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Fig 1. Camera lucida drawings of representative sectioms within newrnxis iaken from rats recelving moxious
thermal stimolation. Exch dot represents one labeled neuron.
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Tab 2. Number of bilateral ¢-fos proteln immune-
reaclive neuronal noclel in neoronsl groups above the
spinal ¢cord of rats sohjected 1o moxbous thermal

stimulation. =+ts, “P>0.05, " P<0.05, " P<
Q- 1 ur control.
Supraspinz| Control Stimulated
regions (n=3> (n=4)
Brain Stem
CG (dorsalis) 4.0+6.0 9.4+4.8"
(lateralin ) 4. 7+4.7 8.5+6.5"
{ventralis} 4.71+3.1 B83t31*"
DR 3.316.1 474247
1cC 26412 3z1+13°
RGC 0.0t0.0 0.3t+0.5°
RMG 0.04+0.0 1.5+1.9°
RP 0.0t0.0 0.3+0.5°
SC §.0+5.9 5.3+6.1"
SN 0.04+0.0 0.04+0.0
Diencephalon
AH 1-3£+1.5 5. 8+t6.0"
ARC 5.34+4.2 484-22*
DMH - 4.34+4.0 3. 0+2. 6"
HABL 1.0+1.7 Z5+8.0™
HABM 0.3+0.8 1.54+1. 9"
LH 2. 0+4.0 18. 0+8. 9™
MM 0.310.6 0.34+0.5"
PF 1.0+1.7 5. 7+6. 9"
PH 4.4+3- 4 2.841.3"
PVH 34+11 70418
PVT 4.7+3.1 48416
RE 1.3%+1.2 . 23.048.1™
EH z2.0t2.0 16.0+4. 0™
TA 4.7+H4.2 34+16"™
TL 0.0+0.0 0. 7+1.2°
™ 5.31+4.2 49420"
TPO 3.614.6 6.01+4.8"
TV 2.0+2.0 28+11"
VMH 1.7+2.1 3.04+3.5"
Telencephalon
AMYG 0.0t0.0 arti7™
CP 0.74+0.6 1.31+1.5"
H1 0.010.0 0.0t0.0"
POL 4.0+2.0 68147
POM 3.0+1.0 7.0£7.0"
SL 3.0%5.3 851438
SM 3.54+2.4 4.51+4.4°
ST 1. 0+1. 7 36tzo™
D - 1.04+1. 7 34420

stimulation, the expression was not further

enhanced. .

Diencephalor In control rats, sparse
distribution of =- fos immunostaining was in di-
em:ephaion » other than PVH where immunore-
active neurons were accumulated. A dramatic
incresse in number of c-fos immunoreactive
neuronal nuclei was recorded in LH, PVH,
ARC, TA, TV, TM, PVT, RE, RH, and
HABL after the rats were thermal-stimulated
(Fig 1), but noe significant increase was shown
in AH, PH, DMH, VMH, MM, TL, TFO,
HABM, and PF (Tab 2).

Telecephalon In telecephalon, CP, HI,
AMYG, POL, POM, SL, SM, ST, and TD
were examined. Few baseline immunocreactive
neurcnal nuclei in these regions were found,
and obvious immunoreactivity was shown in
AMYG, POL, SL, ST, TD, after the rats
were exposed to noxious thermal stimulation
-{Tab 2, Fig 1).
munoreactivity in cortex cerebri was revesled,

A marked increase of im-

but we were unable to localize the specific ar-
eas because of the scattered and variable distri-
bution {data not shown).

DISCUSSION

Scattered distribution of c- fos protein im-
munoreactivity located laminae I—II, III—VI,
and X of lumbar spinal cord has been report-
ai({-ﬁ).

specific c-fos protein immunoreactive neuronal

We here found an accumulation of

nuclei in laminae I and II, the region where
specific nociresponsive neurons are highly con-
centrated®,
the different sacrifice time.

The discrepancy may relate to
In addition , stim-
ulus parameters including site, type, duration
atrength, together with
depth, c-fos protein segment towsards which
antibody is raised ,. should also be taken into
consideration.

In agreement with the finding that e- fos
protein was expressed in PVH after siressful

and anaesthesic

stimuli“”, we found c-fos protein immunocre-
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activity in PVH in restrained but not thermal-
stimuiated contrel rats, but none in freely
moving normal rats (#==2, unpublished data}.
Since it was unlikely to diminish stress factor
during noxious stimulation. we hypothesized
that a furthér elevation of c- fos protein expres-
sion in rats subject 1o noxions thermal stimula-
tion may be, at least partially, stress-mediat-
ed. The presence of immunoreactivity in 1C,
an important formation in auditory system,
indicated that the experiments should be on-
dertaken in an environment excluding auditory
input.

There is a general agreement that endoge-
nous opicid peptide system is constructed as an
antinociceptive mechanism which can be acti-
Based up-
on our finding of stained neuronal groups in
spinal dorsal horn. CG. PYT, HABL, LH,
ARC, POL, SL, 5T, AMYG, where opicid

peptides are densely invested and greatly con-
[$C )]

vated by noxicus stimulation®~%,

nected with each other the possible in-
volvement of c-fos in activation of endogenous
opioid peptide system for regulatory action fol-
lowing noxious thermal stimulation is strongly
proposed,

Although our experiment localized several
nearconal populations with marked elevation of
c-fos protein expression underlying noxious
thermal stimulation, we failed to demonstrate
significant c-fos protein  enhancement in
RMG. CP, which bave been considered to be
There is

extensive evidence showing that c-fos protein

important sites for pain modulation.

is not expressed, no matter of the stimuli, in
certain brain regions like SN, and the possibil-
ity of lacking the intrinsic biochemical system
for c¢-fos protein eéxpression is thus suggest-
ed(ls"_

should not simplely lead tc the cenclusion that

Therefore, absence of c- fos increased

the structure is not activated by the stimuli.
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ABBREVIATION AH = nucleus anterior hypothalamis
AMYG = oucleus amygdalcidens; ARC = nucleus arcuatus,
CG =nubstsnoiin grisea ceatralis; CP=nucleus caudatus puta-
men; DMH=aucleus dosomedialis hypothalami; DR —=aucleua
raphe dorsalis; HAPRL =uaucleus habeaulae lateralis y HABM=
aucleus habenulae medialis; HI = formatio hippocamp:; 1C=
colliculus inferiory LH=nucleus Jateralis hypothalami; MM=
cuclews corporis mamillaria medinlis; PF =nucleus parafescic-
ularis; PH = oucleus posterior hypothalami; POL = nucleus
preopticus lateralis; POM =uucleus preopticua medialia; PYH
=nucleus paraventricularis hypothalami; PVT =unucleus par-
aventricularia thalami; RE = gucleus reuniens; RGC = ou-
coleus reticularis gigantocellular; RH=mnucleus rhomboideus;
RMG=nucleua raphe magnus; RF=nucleus raphe pontis; SC
=colliculus superior; SL=oucleus septi lateralis; SM=nucle-
us pepti medialia; SN = aubstantia nigra; ST = oucleus atriae
terminalisy TA=nucleus anterior thalami; TD=nucleus trac-
tus diagonalis; TL =nucleua lateralis thalami; TM = aucleus
medialia thatamiy TPO = nucleus posterior thalamiy TY =

nucleus ventralis thalamiy YMH =gucleus veatromedialis hy-

pothalami.
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Effects of 3,6-dimethamidodibenzopyriodonium citrate on
slow inward calcium current in isolated guinea pig ventricular cells.

. CUI Yiy TAN Yue-Hua

(Department of Pharmacology, The ith Military Medical University, Xi-an 710032, China)

ABSTRACT The effects of 3, 6-dimethamidodibenzo-
pyriocdonium citrate (I-65) on action potentials and
slow inward calcium current (J.) were examined on
isolated guinea pig ventricular myocardial cells. I-65
(30—100 pmol <L) depressed the action potential du-
ration at 20%) repolarization (APD:,) and. under volt-
age-clamp conditions, reduced the amplitude of I.
without changing the I-¥ relations. 1-65 also showed
use-dependent effects on I.. These suggest that I-65
may block 1. by acting on the inactivated state of Ca
channels.

KEY WORDS iodonium compounds; I-65; action
potentials; myocardium; calcium channel blockers;
menibrane potentiala
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3, 6-Dimethamidodibenzopyriodonium cit-
rate ([-65) has been shown to cause a concen-
tration-dependent depression of contraction
and a plateau of action potential in guinea pig
papillary muscles, suggesting that I-65 may
black the calcium channels™. But the precise
mode of action of this drug under voltage-
clamp conditions has not been studied. This

6)

experiment examined the effects of I-65 on the-

slow inward calciam current ¢(I;} in isolated
guinea pig ventricular myocardial cells.

MATERIALS AND METHODS

Experiments were performed on single cardiac
ventricular cells isolated from guines pig- The guinea
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