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Resear ch Paper

Protein kinase C ispartly involved in c-fosprotein expression of
nocuoudy-activated neuronsbut may not in concomitant modulatory
action through opioid receptorsat the spinal level inrats

NIE Hong, WANG Hang, ZHANG Rui-Xin, GAO Wang-Cai, QIAO Jian-Tian"
Department of Neurobiology, Shanxi Medical University, Taiyuan, Shanxi 030001, China

Abstract: The present study was aimed to examine if protein kinase C (PKC) activation is necessarily involved in both the c-fos protein
expression in the nocuously-activated c-fos protein-like immunoreactive (Fos-L1) neurons and the concomitant opioid receptor-mediated
modulation in thedorsal horn circuitry of the spinal cord. Formalin wasinjected into a hindpaw of rats 5 min after the rats were pretreated with
intrathecal (i.t.) administration of chelerythrine (Chel) , an inhibitor of PKC, naloxone (Nal), combined administration of these two (Chel +
Nal), or vehicle (n=5 in each group),respectively. By using immunocytochemical techniques, the formalin-induced Fos-L1 neuronsin the
lumbar dorsal horn were calculated 1 h after formdin injection. The results showed that: (1) i.t. Chel significantly reduced the number of Fos-
LI neuronsin the dorsal horn of the spinal cord on the side ipsilateral to the formalin injection, showing a decrease by 60.3% (P<0.001) as
compared to that observed in thei.t.vehicle group; (2) i.t. Nal significantly increased the number of Fos-LI neuronsintheipsilateral dorsal horn,
with an increase of 46.0% (P<0.01) as compared to that in thei.t.vehicle group , the highest percentage increase being found in the deeper
laminae of the dorsal horn; and (3) i.t. Chel + Nal also exhibited a significant decrease in Fos-L1 neuronsin the ipsilateral dorsal horn as
comparedtoi.t. Nal group, showing areduction of 53.2%, avalue similar to that inthei.t. Chel group. These results suggest that: (1) PKC plays
arolein the c-fos protein expression only in nearly one half of the Fos-L1 neuronsin the dorsal horn; and (2) PKC is possibly not involved in
the concomitant modulaion on the nociception mediated by p- (and also partly 6-) opioid receptorsin the spinal cord.
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Protein kinase C (PKC) isthought to be a pivotal me-
diator of several cellular processes, including transmem-
brane and intracellular signalings¥. A great deal of effort
has been devoted to clarifying the involvement of PKCin
the processes of nociception at the spina cord level using
behaviora!?, eectrophysiological ¥, and neurochemical™
approaches. Moreover, Dubner and Ruda® have reported
that activation of PKC by phorbol esters can induce c-fos
protein expression in spinal dorsal horn neurons. At the
sametime, it has been proposed that PKC isaso involved
in the signaling of p-opioid receptors that are activated
concomitantly by the peripheral nociceptive inputg®7.
However, we have found in a previous study that nocu-
oudy-induced activation of PKC-3 subtypes occursmainly
in the superficia laminae (laminae 1 ~ II) of the dorsal
horn®®. Other authors reported that intravenous applica-
tion of morphine decreased the nocuously-activated ex-
pression of c-fos protein with a predilective effect on neu-
rons located in the deegper laminae (laminae V ~VII) of the
dorsal hornt®. These facts raise suspicions such asif PKC
is necessarily involved in both the spinal acquisition and
transmission of peripheral nociceptive inputs and the con-
comitant modulatory effects on them viaspina endogenous
opioids. As many authors have demonstrated that the ex-
pression of c-fos protein in dorsal horn neurons may serve
as amarker for activities of these neurons following nox-
ious stimulation!***4, the present study was designed to
clarify these problems by using immunocytochemical tech-
niques to examine the changes in the number of c-fos pro-
tein-contained dorsal horn neuronsinduced by subcutane-
ousinjection of formalin in rats that were combined with
pretreatment of intrathecal administration of PKC inhibitor
and morphine antagonist or both, respectively.

1 METHODS

Twenty-five male Sprague-Dawley rats (150~250 g),
divided randomly into 5 groups (n=5 for each), were anes-
thetized with sodium pentobarbital (40 mg/kg, i.p.). After
incising the skin over the T11~12 spinal level, a PE-10
polyethylene tube filled with saline was inserted caudally
into the subarachnoid space terminating at the level of the
lumbar enlargement. In the first part of the experiments,
onegroup of ratswereintrathecaly (i.t.) administered with
chelerythrine (Chel), an inhibitor of PKC"*, with adosage
of 20 ugin 10 w 10% DM SO in norma saline (NS), being
similar to that as used previoudy!*; the other two groups
were used ascontrals, pretreated withi.t. NSor 109 DM SO
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in NS, respectively. In the second part of the experiments,
two groups of the rats were pretreated with either i.t. nalox-
one (Nal, 68 ugin 10 ul NS, adosage as used before*¥) or
combined i.t. Nal and Chel (with the same dosages asthey
were used aone), respectively. Five minutes after thei.t.
injection, ratsin all these 5 groups were injected subcu-
taneously with 150 pl of formalin (2.5% in saline) into
the plantar surface of a hindpaw. One hour after formalin
injection, al rats were deeply anesthetized and sacrificed
for immunocytochemical examination of c-fos protein ex-
pression in the lumbar dorsal horn.

After being sacrificed, all animals were perfused via
the aorta with 100 ml of normal saline followed by 1000
ml of ice-cold 4% paraformaldehyde in 0.1 mol/L phos-
phate buffer (PB, pH 7.4) and by 20% sucrosein PB (pH
7.4). The lumbar spinal cord was then removed, fixated at
4°Cinthe samefixativefor 4~6 h, and cryoprotected over-
night in 30% sucrose in 0.1 mol/L PB. Forty um frozen
sections were cut in the transverse plane on a cryostat and
collected in 0.01 mol/L phosphate-buffered saline (PBS,
pH 7.4) for immunocytochemical analysis of c-fos protein
by the avidin-biotin-peroxidase (ABC) method of Hsu et
al.!*¥, using the polyclonal antibody against the c-fos pro-
tein (Oncogene Science INC, 1:10000). At last, sections
were stained with the peroxidase-diaminobenzidine-nickel
method. Omission of the c-fos protein antiserum from the
immunostaining protocol completely abolished thelabeling.
Since cross-reactivity of the antibody with the peptides or
substances present in the tissue sections can not be
excluded, we therefore use the term “c-fos protein-like
immunoreactivity” (Fos-LI) asamore appropriate descrip-
tion of the c-fos protein immunostaining.

Sections from L4~5 were analyzed under an Olympus
BH2 microscope for the presence of Fos-LI neuronswithin
the spina cord gray matter, and the number of the neu-
rons were counted separately from three subregions: (1)
the superficial laminae (laminae 1 ~ II); (2) the deeper
laminae (laminae V ~VII); and 3) other laminae of the dor-
sal horn. The Fos-LI neurons were identified by black la-
beled nuclei that were distinct from the background at mag-
nifications of 4 x, 10 x, and 20 x. Any Fos-L| neurons that
were questionable under high magnification were discarded.
All sections were scanned and 10 sections with the great-
est number of labeled cellswere selected from each animal
for cell counting. The gtatistical significance between two
groups was determined by Student’s't test and variance
andysis.
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2 RESULTS

As reported previoudly by us®® and others[*®¥, for-
malin injection eicited arobust increase of Fos-LI neurons
of the dorsal horn of the spina cord on the side ipsilatera
to the formalin injection in two control groups, while only
afew Fos-LI neurons could be found on the contral ateral
sides; since the increases in Fos-LI neurons between two
control groups showed no significant difference, datawere
processed and presented here together named as i.t. ve-
hicle group. With pretreatment of i.t. Chel, as shown in
Table 1 and dso in Fig. 1, the number of formalin-induced
Fos-L1 neurons on the injected side exhibited a prominent

Fig. 1. Representative photomicrographs showing nociceptive Fos-
LI neuronsinthedorsal hornipsilatera to theformalininjectionini.t.
vehiclegroup (A) and i.t. Chel group (B). Bar = 100 um.

reduction as compared to that in i.t. vehicle group; and the
reduction appeared mainly in the superficia laminae | ~ 1
(by 63.2%) and the deeper laminae V ~ VI (78.6%), with
atotal reduction of 60.3% in the formalin-injected side of
the dorsal horn (P<0.01 in al three cases). As reported
before8101119 these two subregions of the dorsal hornwere
the places with high density of the nocuoudy-induced Fos-
LI neurons.

Table 2 shows the summarized data in the second
part of the experiments. It turned out that following i.t.
pretreatment with naloxone, formalin injection elicited a
more robust increase in the number of Fos-L1 neuronsin
theipsilateral dorsal horn (also see Fig. 2A), with an in-

Fig. 2. Representative photomicrographs showing nociceptive Fos-
LI neuronsinthedorsal hornipsilatera to theformalininjectionini.

t. Nal group (A) andi.t. Nal + Chel group (B). Bar = 100 um.

Table 1. Data summary showing the numbers and their comparisons of nociceptive Fos-LI neuronsin the dorsal horn ipsilateral to

theformalininjectionini.t. vehicle group (1) andi.t. Chel group (2)

Subdivisions of 1 2 Percentage changes

dorsal horn Number of Fos-LI neurons Number of Fos-LI neurons calculated by
ini.t. vehicle group ini.t. Chel group (2-1)/1x100

Laminae 1 ~II 38+ 3.0 141 2.1 -63.2%

Laminae V~VII 14+21 3+£23" —78.6%

Other regions 11401 8+24 -

Total 63+4.8 25+ 3.6 -60.3%

""P<0.001; "*P<0.01 as compared to that in i.t. vehicle group. Each number is mean + SEM averaged from 50 sections of 5 rats.
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Table 2. Data summary showing the numbers and their comparisons of nociceptive Fos-LI neuronsin the dorsal horn ipsilateral to
the formalin injection ini.t. vehicle group (1) andi.t. Nal group (3)

Subdivisions of 1 3 Percentage changes
dorsal horn Number of Fos-LI neurons Number of Fos-LI neurons calculated by
ini.t. vehicle group ini.t. Nal group (3-1)/1x100
Laminae [ ~1II 38+ 3.0 47 + 4.7 23.7%
Laminae V~VII 14+21 28+28™ 100.0%
Other regions 11+3.1 17+£3.0 -
Total 63+ 4.8 92+57" 46.0%

""P<0.001; "*P<0.01 as compared to that in i.t. vehicle group. Each number is mean + SEM averaged from 50 sections of 5 rats.

Table 3. Data summary showing the numbers and their comparisons of nociceptive Fos-LI neuronsin the dorsal horn ipsilateral to
the formalin injection ini.t. Nal group (3) and i.t. Nal+Chel group (4)

Subdivisions of 3 4 Percentage changes
dorsal horn Number of Fos-LI neurons Number of Fos-LI neurons calculated by
ini.t. Nal group in i.t. Nal+Chel group (4-3)/3x100
Laminae [ ~II 47 + 4.7 20+ 2.3 -57.4%
Laminae V~VII 28+28 8+£3.07 ~71.4%
Other regions 17+ 3.0 15+3.2 -
Total 92+57 43+ 6.0™ -53.2%

"P<0.001; "P<0.01 as compared to that in i.t. Nal group. Each number is mean + SEM averaged from 50 sections of 5 rats.

crease of 46.0% as compared to that ini.t. vehicle group
(P<0.01). Additionally, when the rats were pretreated with
combined i.t. Nal and Chel (Table 3), the number of Fos-
LI neurons aso exhibited a significant reduction (also see
Fig. 2b) as compared to that observed in group with i.t.
Nal only, showing areduction rate of -57.4% in laminae

I ~1I,-71.4%inlaminae V ~ VI, and -53.2% in total
dorsal horn (P<0.01 in all three cases), respectively. By
comparing thedatain Tables 1, 2 and 3, it was evident that
i.t. Chel suppressed the formalin-induced Fos-L| neurons
by a similar reduction rate no matter whether naloxone
was present or not (-53.2% vs —60.3%); and also, nalox-
one still elicited arobust increase of Fos-LI neuronsini.t.
Chel+Na group even the number of these neurons should
have been deeply suppressed by the concomitantly-admin-
istered chelerythrine, namely, the real number of Fos-LI
neuronsini.t. Chel+Nal group still surpassed that ini.t.
Chel group by 41.8%.

3 DISCUSSION

Severd lines of earlier evidence have suggested that
PKC isimplicated in the cascade of eventsthat lead to the
induction of various proto-oncogenes, such as c-fos and

c-jun, that encode transcription factors controlling the ex-
pression of other genes’> %1, As shown by the data pre-
sented above, this view is supported only partly by our
present results which showed that intrathecal administra-
tion of PKC inhibitor chelerythrine reduced the number of
nocuoudly-induced Fos-LI neuronsin the spinal dorsal horn.
Meaningfully, thisvaue reminds us of theinvestigation we
observed previoudy inadouble staining immunocytochemi-
cal study'™®, in which it was observed that only nearly one
half of the nocuously-induced Fos-L1 neuronsin the dor-
sal horn co-existed with the activated PKC T ~1I subtypes.
Thesefacts coming from two kinds of experiments strongly
imply that the activation of PKC or of its B-subtypes are
necessary for the c-fos protein expression only in about
one half of the nocuously-induced Fos-LI neuronsin the
spinal dorsal horn. Of course, the fact and its functional
significance remain to be further clarified. It is possible
that the different functional positions in the circuitry
(interneuron or projection neuron®) and the different neu-
rochemical characteristics (such as GABA-ergid®”) of the
nocuously-activated Fos-L1 neurons might be in parallel
with their different behaviorsin respect of PKC activation.

On the other hand, it has aso been reported that PKC
modul ates the responsiveness of spinal opioids receptors
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that are concomitantly involved in the spinal processing of
peripheral noxiousinputd5”8, However, according to the
present study, it seems that the antinociceptive modula-
tory effect exhibited concomitantly by the activation of p-
(and also partly 3-*%) receptor-mediated signaling system
might not be affected by PKC activation. If PKC had been
involved in the process, the intrathecal administration of
chelerythrine would not have blocked the spina c-fos pro-
tein expression similarly (60.3% vs 53.2%) in both cases
when chelerythrine was either used alone or combined with
nal oxone; aso, naloxone should not have increased the c-
fos protein expression smilarly (46.0% vs 41.8%) whether
nal oxone was used aone or combined with chelerythrine.
Although we do aware that our proposd is not decisive, it
is strengthened further by following facts: by scrutinizing
the data presented in Table 2, one can find that the greatest
increase of Fos-LI neuronsini.t. Nal group appearsin
laminae V ~ VI Thisfact is consistent with an earlier re-
port by Tolle et al.[¥, showing that intravenous application
of morphine decreases the nocuously-induced c-fos pro-
tein expression with a predilective effect on neuronsin
deeper spinal laminag; moreover, these laminae arealso the
place where the chel erythrine exhibits its highest suppres-
siveeffectinthedorsd horn no matter whether chelerythrine
is administered alone or combined with naloxone (78.6%
Vs 71.4%; see Tables 1 and 3). These facts implicate evi-
dently that blockade of - (and also partly 6-) opioid re-
ceptors does not remarkably affect the suppressive effect
of chdlerythrine; and also, blockade of PK C activation does
not affect the effect of naloxone. Taken together, we in-
clineto suggest that the spina antinoci ceptive effect through
related opioid receptors are carried out in away that is
independent of the activation of PKC systems.

Owing to the fact that PKC family consists at least of
twelve isoformsthat have been implicated in awide range
of physiological functiong™??, the functional importance
of PKC in spinal noci ception should be more complex than
it has been proposed at the present time. Further charac-
terization of individual isoforms of PKC and their contri-
bution to the spinal nociceptive processing are urgently
needed.
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