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C-Fos Expression in the Spinal Cord and Pain-related Symptoms
Induced by Chronic Arthritis in the Rat Are Prevented by

Pretreatment with Freund Adjuvant

Catherine Abbadie, Jean-Marie Besson, and Bernard Calvino®

Physiopharmacologie du Systéme Nerveux, INSERM U161, and Physiopharmacologie de la Douleur EPHE, 75014 Paris,

France

We previously showed that pathological adjuvant-induced
arthritis (AlA), a chronic pain model, is associated with an
increase in the number of Fos-like immunoreactivity (Fos-
LI) in lumbar spinal cord neurons; maximal Fos-LI corre-
sponds to the peak of pathological and behavioral signs of
the disease. On the other hand, AlA is prevented in rats that
have previously been injected with diluted complete Freund
adjuvant (CFA). Here, the effects of pretreatment with CFA
were studied in parallel on both pathological parameters and
pain-related tests, and on Fos-LI, 3 weeks after the inocu-
lation of the arthritogenic solution during the acute phase of
the disease, that is, when hyperalgesia is maximal. One group
of rats (vaccinated group) was pretreated with diluted CFA,
3 weeks and 1 week before inoculation (AlA) (with the con-
centrated arthritogenic solution), while a second group (ar-
thritic group) was pretreated with the vehicle for the CFA
solution and then inoculated with the concentrated arthri-
togenic solution. Control groups consisted of rats treated
with various combinations of either saline or vehicle solu-
tions during the pretreatment periods or at the time of in-
oculation.

The arthritic group developed all pathological symptoms
of AlA (i.e., loss of weight, difficulties in walking, increases
in paw diameter, and decreases in the vocalization thresh-
olds to mechanical pressure of the hindpaw, and finally an
increase in the vocalization response to flexion and exten-
sion). In contrast, the vaccinated group did not develop AlA
symptoms. The total number of Fos-L! neurons in the L3-L4
segments of the spinal cord, located mainly in the neck of
the dorsal horn (laminae V and VI) and in the ventral horn,
was high in the arthritic group but was significantly de-
creased (68 % decrease, p < 0.001) in the vaccinated group.
Importantly, the pathological parameters of arthritis corre-
lated with the number of Fos-LI neurons in the L3-L4 seg-
ments. The pathological parameters and the pain-related
test scores did not significantly differ in the vaccinated group
as compared to the four control groups.

This study demonstrates that the increase in the number
of Fos-LI neurons during arthritis that could indirectly reflect

Received Nov. 24, 1994; revised Mar. 21, 1994; accepted Apr. 7, 1994,

We gratefully acknowledge Dr. A. H. Dickenson for English revision of the
manuscript. This study was supported by INSERM funds and by an unrestricted
grant from Bristol-Myers Squibb.

Correspondence should be addressed to Catherine Abbadie, INSERM U161, 2
rue d’Alesia, 75014 Paris, France.

aPresent address: INSERM CJF 91-02 Faculté de Médecine, 8 rue du général
Sarrail, 94010 Créteil Cédex.

Copyright © 1994 Society for Neuroscience 0270-6474/94/145865-07$05.00/0

spontaneous chronic pain and hyperalgesia was prevented
by pretreatment with diluted FA, which protected rats against
the development of AIA; the marked decrease in Fos ex-
pression was in good agreement with behavioral and patho-
logical data.

[Key words: c-Fos, immediate-early gene, adjuvant-in-
duced arthritis, spinal cord, nociception, adjuvant pretreat-
ment]

Hunt et al. (1987) demonstrated that physiological stimulation
of rat primary sensory neurons causes the expression of Fos-
like immunoreactivity (Fos-LI) in nuclei of postsynaptic neu-
rons of the dorsal horn of the spinal cord. This work has led to
numerous studies related to pain research. After several years
of investigations, there is accumulating evidence that various
nociceptive peripheral stimuli result in c-fos expression at the
spinal cord level (Hunt et al., 1987; Bullitt, 1989, 1990, 1991;
Draisci and Iadarola, 1989; Menétrey et al., 1989; Williams et
al., 1989; Presley et al., 1990; Tolle et al., 1990; Wisden et al.,
1990; Gogas et al., 1991; Herdegen et al., 1991; Naranjo et al.,
1991; Abbadie and Besson, 1992a,b; Bullitt et al., 1992; Ham-
mond et al., 1992; Hylden et al., 1992; Leah et al., 1992; Lee
and Beitz, 1992; Noguchi et al., 1992; Abbadie and Besson,
1993). Taking into account the numerous investigations based
on c-Fos experiments, it is reasonable to assume that dorsal
horn neurons receiving noxious inputs (see references in Besson
and Chaouch, 1987) preferentially express c-fos when activated
by noxious stimulation. This is strongly supported by the fact
that electrical stimulation of the sciatic nerve at Aé/C intensity,
but not at Aa/8, induced c-fos expression in lumbar spinal cord
neurons (Herdegen et al., 1991).

C-fos expression in spinal cord neurons occurs does not only
after acute stimulation and inflammation, but also in chronic
pain diseases such as poly- or monoarthritis (Abbadie and Bes-
son, 1992a; Lantéri-Minet et al., 1992). We previously dem-
onstrated that the number of Fos-LI neurons in lumbar spinal
cord follows in parallel the time course of adjuvant-induced
arthritis disease (AIA; triggered by the injection of heat-killed
Mycobacterium butyricum, i.e., complete Freund adjuvant, CFA;
Pearson and Wood, 1959; Pearson et al., 1961). In contrast to
acute inflammation (Draisci and Iadarola, 1989; Menétrey et
al., 1989; Noguchi et al., 1991), which mainly induces c-fos
expression in the superficial dorsal horn, polyarthritis induces
c-fos expression in deep laminae of the dorsal horn and in the
ventral horn (Abbadie and Besson, 1992a). Briefly, the peak of
the distribution of Fos-LI neurons during the development of
polyarthritis corresponds to the maximum hyperalgesia, that is,
3 weeks after inoculation of the disease (see references in Besson
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Table 1. Pathological observations and the number of Fos-like-immunoreactive (Fos-LI) neurons in
arthritic, vaccinated and control rats

Groups Weight Mobility score Ankle diameter Fos-LI neurons
Polyarthritic 423 + 16 2.1 £ 0.5 89 +0.8 425+ 5.0
Vaccinated 464 + 12 3.9 +0.1 6.8 + 0.1 135 £ 5.2
Control 1 480 + 11 4.0 £ 0.0 6.4 +£0.2 149 + 5.4
Control 2 504 = 12 4.0+ 0.0 6.5 + 0.1 17.1 = 4.2
Control 3 490 + 13 4.0 £ 0.0 6.3 + 0.1 13.7 £ 3.1
Control 4 476 £ 19 4.0 + 0.0 6.5 £ 0.0 3.3+£20
F(5,32) = 4.5, p < 0.004 10.4, p < 0.0001 6.4, p < 0.0003 6.9, p < 0.0002
R? 0.25, p < 0.002 0.53, p < 0.0001 0.44, p < 0.0001 -

For the details of the groups of animals, see Materials and Methods. The weight is expressed in grams, the mobility
scale is from 0 to 4 (see Material and Methods), and the paw diameter is the mean of the two ankles, expressed in mm.
The numbers of Fos-LI neurons were counted in all laminae of 20 sections from L3-L4 segments and is expressed as
neurons per section. The penultimate row gives the one-way ANOVA in the six groups. The last row gives the R? values
and the significance for each preclinical parameter as compared to the number of Fos-LI neurons. Note that for the
weight, the mobility score, the paw diameter, and the number of Fos-LI neurons, the vaccinated group and the four
control groups significantly (p < 0.05 at least) differ from the arthritic group.

and Guilbaud, 1988). It has previously been shown that rats
that have recovered from arthritis are resistant to a subsequent
injection of the arthritogenic solution (Waksman et al., 1960;
Wood and Pearson, 1962). More recently it has been shown
that pretreatment with diluted CFA strongly decreases not only
the inflammatory pathological signs of the disease, but also the
pain-related behaviors (Calvino etal., 1991a). In order to extend
the correlation between Fos-LI in lumbar spinal cord neurons
and the development of polyarthritis, the aim of the present
study was to gauge if a pretreatment with a diluted Mycobac-
terium butyricum solution, which is known to prevent AIA (Gery
and Waksman, 1967), will also prevent c-fos expression.

In the present experiment we considered at the maximal stage
of the disease (3 weeks) the effects of a pretreatment with diluted
CFA by measuring in parallel Fos-LI in the lumbar spinal cord
and the pathological —that is, body weight, diameter of ankles,
and mobility score—and behavioral—that is, vocalization
threshold evoked by calibrated paw pressure applied on an in-
flamed hindpaw, and vocalization evoked by flexion and ex-
tension of an inflamed ankle—signs of polyarthritis.

A preliminary report has briefly described some of these data
(Calvino et al., 1993).

Materials and Methods

Experimental animals. Experiments were performed on 74 male Spra-
gue-Dawley rats (Charles River, France), weighing 200-225 gm at the
beginning of the experimental procedure. As previously described by
Calvino et al. (1991a), pretreatment consisted of two subcutaneous in-
jections with a 50% commercial diluted CFA solution [1 mg of killed
and dried Mycobacterium butyricum in saline; Sigma; initially 100 ul
in the two forepaws, and two subsequent subcutaneous injections of
100 gl in the base of the dorsal part of the neck. The first pretreatment
was made 3 weeks before induction of polyarthritis, and the second, 1
week before it. Polyarthritis was induced by injecting in both hindpaws
with 50 gl of the concentrated arthritogenic solution, that is, CFA (6
mg of Mycobacterium butyricum; Difco Laboratory) suspended in 1 ml
of an emulsion of liquid paraffin/saline/Tween 80, 6:4:1 by volume;
solution was sterilized 20 min at 120°C in an autoclave].

Six groups of animals were used, two experimental groups and four
control groups.

The two experimental groups consisted of (1) rats pretreated with the
diluted CFA solution containing the bacteria and then inoculated with
the concentrated arthritogenic solution (vaccinated group, n = 7), and
(2) rats pretreated with the same solution but without the bacteria, and
then inoculated with the concentrated arthritogenic solution (arthritic
group, n = 7).

In order to detect any Fos-LI nuclei that was due to the repeated
injections of the vehicle of the arthritogenic solution, rather than a
consequence of the chronic disease, further control experimental groups
consisted of rats that received different combinations of either saline or
the vehicle (not containing the bacteria) of arthritogenic solution, as
follows {control: pretreatment (neck, forepaws), inoculation (hind-
paws)]: control 1 (n = 8): vehicle, vehicle; control 2 (n = 8): saline,
vehicle; control 3 (n = 4): vehicle, saline; control 4 (n = 4): saline, saline.

The guidelines on ethical standards for investigations of experimental
pain in animals were followed (Zimmermann, 1983). The number of
experimental arthritic animals was kept to a minimum. They were
housed three per large cage, the floor of which was covered with sawdust.
They were kept in an animal room at a constant temperature of 22°C,
with a 12 hr alternating light/dark cycle. Food and water were available
ad libitum; the food was made available on the sawdust in the cages to
minimize the need for the animals to make potentially painful move-
ments to obtain food.

Pathological observations. In order to assess the development of the
disease, we considered three pathological parameters 3 weeks after in-
oculation of AIA (i.e., when hyperalgesia is maximal) and on the day
when animals were sacrificed. We took into account the weight of an-
imals, the diameters of the ankles (mean of the two joints), and the
mobility score as described by Butler et al. (1985), in which a five-level
mobility scale was used: 0, the rat liecs down only; 1, the rat crawls; 2,
the rat walks with difficulty; 3, the rat walks and runs with difficulty; 4,
the rat walks and runs normally. In this set of animals, no behavioral
test was performed, since stimulation of the animal induces c-fos ex-
pression. Since the study of Fos-LI and the assessment of pathological
parameters were done in the same animals, there was the same number
of animals per group as mentioned above and, moreover, it was possible
to establish any correlation between pathological parameters and Fos-
LI

Pain-related tests. In a group of rats other than those used for Fos-
LI studies, pain-related tests were performed (nine rats in each group).
Three weeks after AIA inoculation, hyperalgesia developed; that is,
manipulation of the hindpaws elicited a struggle response and vocal-
ization. This hyperalgesia was quantitatively measured using two tests.
(1) The “foot-bend” procedure (Kuzuna and Kawai, 1975; Winter et
al., 1979) involves holding the rat comfortably and gently extending the
left hindpaw. In these conditions a squeak could be elicited. Five stimuli
were repeated at 5 sec intervals and a rating of 0 or 1 was given if the
animal emitted a squeak or not, respectively. Thus, for each animal the
rating ranged from 0 to 5. In the second part of test, the left hindpaw
was gently flexed five times at 5 sec intervals, and an identical rating
was used. The animal was then allowed to rest for 15 min in the cage
and the second test was performed. (2) The “Randall-Selitto™ test (1957)
determines the threshold for vocalization induced by increasing cali-
brated pressure on one hindpaw, and then on the other hindpaw with
a 5 min interval. The mean of the two determinations was calculated.

For the pathological observations and pain-related tests, statistical
analysis was made to compare the different groups of animals, using
one-way analysis of variance, and then for multiple comparisons, the



PLSD Fisher's test was used. The investigator responsible for the mea-
sures was blind to the treatment of each animal.

Immunohistochemistry. Animals were deeply anesthetized with pen-
tobarbital (55 mg/kg, i.p.) and perfused intracardially with 200 ml of
phosphate-buffered saline 0.1 m followed by 500 ml of 4% parafor-
maldehyde in 0.1 M phosphate buffer. The lumbar spinal cord was then
removed and postfixed for 4 hr in the same fixative and cryoprotected
overnight in 30% sucrose in PB. Frontal frozen sections of 40 um were
cut and collected in PB to be processed immunocytochemically as free-
floating sections.

The serial sections were immunostained for c-fos-like protein ac-
cording to the avidin-biotin-peroxidase method of Hsu et al. (1981).
The tissue sections were immunoprocessed with the primary antiserum
directed against the c-fos protein (OA 11-823, Cambridge Research
Biochemicals). This Fos antibody is a sheep polyclonal antibody di-
rected against residues 2-16 of the N-terminal region of the molecule;
it was used at 1:2000. For details of the procedure, see Abbadie and
Besson (1993).

To test the specificity of the primary antibody, controls were per-
formed; preabsorption with the corresponding synthetic peptide (OP-
11-3210, Cambridge Research Biochemicals) or omission of any stage
in the protocol abolished the staining.

Counting of Fos-labeled cells. Fos-LI was studied over two lumbar
spinal levels, the L3 and L4 segments, in which the number of Fos-LI
neurons are the greatest in polyarthritic rats (Abbadie and Besson, 1992a).
Tissue sections were first examined using dark-field microscopy to de-
termine the segmental level according to Molander et al. (1984), and
the gray matter landmarks. The sections were then examined under
light-field microscopy to localize Fos positive cells. Labeled nuclei were
counted using a camera lucida attachment. For each rat, two values
were made: (1) the total number of Fos-LI neurons in the gray matter
for 20 sections through L3-L4 segments, and (2) the number of Fos-LI
neurons per specific laminar region of the spinal gray matter in these
20 sections. Four regions were defined: superficial dorsal horn (laminae
I and II), nucleus proprius (laminae III and IV), neck and base of the
dorsal horn (laminae V and VI), and the ventral medial gray (laminae
VII, VIII, IX, and X; ventral). All results are expressed as the mean
number of Fos-LI neurons per section. Statistical analysis was made to
compare the numbers of labeled cells, using one-way analysis of variance
for the total number in the whole gray matter, in the different groups
of animals, two-way analysis of variance for the different groups of
animals and the region. For multiple comparisons, Fisher’s PLSD test
was used. The investigator responsible for plotting and counting the
Fos-LI neurons was blind to the treatment of each animal.

Results

Clinical parameters

No pain-related test was performed on the same set of animals
in which Fos-LI study was performed, since acute peripheral
stimulation of the animal will induce c-fos expression in spinal
cord neurons. We thus considered three “pathological” param-
cters: the weight, the ability to move, and the diameter of the
ankle. For all of the three parameters, the polyarthritic group
exhibited clear pathological signs of polyarthritic disease, that
is, loss of weight, difficulties in walking, and increases in paw
diameter as compared to either the vaccinated group or to the
four control groups; for all of the three parameters, the arthritic
group significantly differed from the other groups (p < 0.05 at
least; Table 1). In addition, the pathological parameters of the
vaccinated group did not significantly differ from those of the
control groups (Table 1).

Pain-related tests

For the “*foot bend” procedure, that is, flexion and extension,
scores of the arthritic group were significantly greater as com-
pared to the other groups (p < 0.0001 for the vaccinated and
all the control groups as compared to the arthritic group). Sim-
ilarly, there was a significant decrease in the threshold for vo-
calization induced by pressure applied to the foot in the arthritic
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Figure 1. Camera lucida drawings and photomicrograph illustrating
the location of Fos-like<immunoreactive (Fos-LI) neurons in the L4
segment of vaccinated (4) and arthritic (B, C) rats. The boundaries of
the superficial laminae and of the reticular part of the neck of the dorsal
horn are outlined for orientation. Note that (1) in the arthritic rat, intense
labeling is observed in laminae V and VI and in the ventral horn and
(2) in the vaccinated rat, considerably fewer cells are labeled.
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Table 2. Pain-related test scores in arthritic, vaccinated, and control
rats

Randali-
Groups Flexion Extension Selitto
Arthritic 39+04 2.1 £0.5 6.5 + 0.4
Vaccinated 0.7+03 00 9.1 +0.8
Control 1 0x0 00 9.3 £ 0.6
Control 2 00 0+0 89+ 0.4
Control 3 0+0 0zx0 9.1 £ 0.4
Control 4 0x0 00 8.9 + 0.6
F(5,48) = 50.1, p < 0.0001 10.6,p < 0.0001 3.9,p < 0.005

For the details of the groups of animals and for the scores, see Material and
Methods. The last row gives the one-way analysis of variance in the six groups.
Note that for the “foot-bend” procedure (flexion and extension) and for the Ran-
dall-Selitto test, the scores of the arthritic group were significantly greater as
compared to the other groups (p < 0.0001).

group as compared to the vaccinated and to the control groups
(Table 2).

Fos-like immunoreactivity

Fos-LI nuclei appeared as round structures, stained to a greater
or lesser extent (see Fig. 1), but to quantify the number of Fos-
LI nuclei, we took into account all labeled nuclei without con-
sidering the intensity of the staining.

As we previously described, in polyarthritic rats, Fos-LI neu-
rons were most numerous 3 weeks after the inoculation of the
disease. They are present in all the lumbar enlargement and are
most numerous in the L3-L4 segments (Abbadie and Besson,
1993). Thus, the quantification was only made in these seg-
ments.

As shown in Figures 1 and 2, Fos-LI was mainly distributed
in the neck of the dorsal horn (laminae V and VI; 57%, per-
centage vs all the laminae) and in the ventral horn (35%), where-
as very few Fos-LI neurons were observed in the superficial
dorsal horn (laminae I and II; 3%) and in the nucleus proprius
(laminae III and IV; 5%).

In vaccinated animals, that is, in animals pretreated with
diluted Freund adjuvant, the number of Fos-LI neurons was
three times less (see Table 1, Figs. 1, 2) than in polyarthritic
rats. In vaccinated animals and in the four groups of control
animals the number of Fos-LI neurons was significantly (p <
0.005) lower than in polyarthritic animals; considering the num-
ber of Fos-LI neurons in all the laminae [F(5,32) = 6.9, p <
0.0002] or in the neck of the dorsal horn [F(5,32) = 9.1, p <
0.0001] or in the ventral horn [F(5,32) = 8.5, p < 0.0001]. The
number of Fos-LI neurons did not significantly differ between
the vaccinated group and the four groups of control. In addition,
there was no significant difference between the four control
groups, although there was only a small number of labeled cells
(3.3 £ 2.0 neurons/section) in the group receiving only saline
(control 4) as compared to the other control groups (mean of
the three groups, 15 neurons/section).

Correlation between Fos-like immunoreactivity results and
clinical results

Linear regression analysis showed that all of the three patho-
logical parameters were significantly correlated with the total
number of Fos-LI neurons in all laminae of L3-L4 segments
(Table 1). The R? values and the significance for each parameter
are given in Table 1. Thus, the pathological signs of arthritis,
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Figure 2. Histograms showing the number of Fos-like-immunoreac-
tive (Fos-LI) neurons in polyarthritic, vaccinated, and control rats. For
details of the groups of animals see Material and Methods. Results are
expressed as mean (+SEM) number of Fos-LI neurons per section. A4,
Total number of Fos-LI neurons in all laminae of L3~L4 segments. B,
Number of Fos-LI neurons per laminar region. Note that there is a
significantly higher (%% %, p < 0.001) number of Fos-LI neurons in
the arthritic group as compared to the vaccinated group and the four
control groups, considering either the total number of Fos-LI neurons,
or the number of Fos-LI neurons, in laminae V and VI or in the ventral
horn.

that is, loss of weight, difficulties in walking, and increase in
paw diameter, were associated with a high number of Fos-LI
neurons.

Discussion

In the present study, we showed that pretreatment with diluted
CFA solution prevented both Fos-LI induced by AIA and the
pathological and behavioral consequences of this chronic pain
disease.

We previously found that the number of Fos-LI neurons in
the lumbar spinal cord of arthritic rats studied throughout the
development of AIA (Abbadie and Besson, 1992a) is in good
agreement with pathological and behavioral studies describing
different stages of this disease (Colpaert et al., 1980, 1987; De
Castro Costa et al., 1981; Calvino et al., 1987). In fact, we
observed (1) no significant labeling 1 week after AIA inocula-




tion, which corresponds to the stage when the pathological signs
and the behavioral modifications have not yet appeared; (2) a
marked increase in the number of Fos-LI neurons 2 weeks after
the inoculation and particularly after 3 weeks, which corre-
sponds to the acute stage, that is, lack of mobility and explo-
ration behavior, a dramatic increase in forepaw and hindpaw
diameters, radiological abnormalities, and maximal hyperal-
gesia; and (3) 11 weeks after the inoculation, a slight decrease
in the number of Fos-LI neurons as compared to 3 weeks, but
at 22 weeks, the number of Fos-LI neurons did not differ from
control values. Interestingly, at this recovery stage, the hyper-
algesia to mechanical pressure or to the foot-bend procedure
was no longer observed. Fos-LI predominated in the neck of
the dorsal horn (laminae V and VI, 55% vs all the laminae) and
to a lesser extent in the ventral horn (35% vs all the laminae),
therefore contrasting the labeling observed following acute in-
flammation (Draisci and Iadarola, 1989; Menétrey et al., 1989;
Noguchi et al., 1992), which is mainly located in the superficial
laminae of the dorsal horn. Interestingly, Fos labeling in deep
dorsal horn has been already reported after peripheral nerve
injury (Basbaum et al., 1992; but see Williams et al., 1991;
Herdegen et al., 1992).

On the basis of the above data, we chose to gauge the effects
of pretreatment with diluted CFA, 3 weeks after inoculation of
the disease. The number of Fos-LI neurons and their distri-
bution within the spinal gray matter were remarkably similar
to our initial study (Abbadie and Besson, 1992a). In contrast,
in vaccinated rats, there was a clear decrease in the number of
Fos-LI neurons (13.5 + 5.2 Fos-LI neurons per section vs 42.5
+ 5.0 for vaccinated and arthritic, respectively). In the vacci-
nated group, the low number of neurons expressing c-fos could
arise as a result of the induction of long-lasting physiopathol-
ogical neural and immunological mechanisms, resulting in the
animals being resistant to a second inoculation. Fos-LI was not
completely blocked in the other control groups (except the “sa-
line”” group; mean of the three groups, 15 Fos-LI neurons). This
labeling observed in the control groups that received the vehicle
of the arthritogenic solution could have resulted from inflam-
mation due to the emulsion (paraffin, Tween 80, and saline).
This finding is confirmed by the fact that in the fourth control
group that received only saline throughout the study, the number
of Fos-LI neurons was rather low (3.3 = 2.0). It must also be
emphasized that the number of Fos-LI neurons was significantly
higher in the arthritic group as compared to the vaccinated group
and to the four control groups, and there was no significant
difference between the four groups of control.

A dramatic finding in our study is the fact that the reduction
in the number of Fos-LI neurons is associated with a major
decrease in pathological and behavioral signs of AIA disease.
The reduction in inflammatory signs confirm and extend pre-
liminary results on the severity of the disease (Waksman et al.,
1960; Gery and Waksman, 1967). We extended these obser-
vations and considered the paw diameter and weight, which are
indirect indicators of a chronic pain state (Chudler and Dong,
1983; Morton and Griffiths, 1985). In addition, the impairment
of mobility that is at least partly a consequence of chronic pain
states (Larsen and Arnt, 1985) was also determined. To explain
these effects, it must be remembered that AIA in rats appears
to result from an immunological reaction of the cellular type to
disseminated constituents of the injected-killed bacteria (see
references in Gery and Waksman, 1967). AIA has been shown
to be prevented or reduced in rats that had received prior in-
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jection(s) of Mycobacterium by any route, since certain antigens
present on previously injected bacteria may induce tolerance to
arthritogenic epitopes (Gery and Waksman, 1967). The critical
Mycobacterium antigen contains an epitope cross-reactive with
a self-antigen in joint cartilage, and administration of this cloned
epitope antigen in joint cartilage in rats induces resistance to
subsequent attempts to produce AIA (van Eden et al., 1988).
Experimental evidence suggests that this autoimmune process
involving T-lymphocytes is responsible for the generation of
AJA, since rats inoculated with a T-cell line selected for its
reactivity to the whole Mycobacterium present in CFA were
fully protected against subsequent induction of the active AIA
(Holoshitz et al., 1983). The pretreatment effect did not depend
on nonspecific inhibition of inflammation but appeared to be
due to either a production of specific tolerance or inhibition of
sensitization by stimulating a response to competing antigens
as proposed by Gery and Waksman (1967).

The decrease in inflammatory processes associated with the
low number of Fos-LI neurons in the vaccinated group suggests
that Fos-LI in spinal cord reflects some of the nociceptive signs
associated with the disease. However, considering only the in-
flammatory signs is not sufficient enough to validate this asser-
tion fully. Thus, we also considered the effects of vaccination
on behavioral tests that are associated with nociceptive pro-
cesses, which are in turn related to the extent of the arthritic
disease (vocalization threshold to paw pressure, and to flexion
or extension of the paw). However, it was not possible to per-
form a Fos-LI study and pain-related tests in the same animals
(since it would not have been possible to distinguish between
the Fos-LI induced by AIA and that induced by the stimulation;
Abbadie and Besson, 1993). The scores of the vaccinated rats
in pain-related tests clearly showed that they did not display
hyperalgesia. The differences observed between the arthritic and
the vaccinated group strongly indicate that the prevaccination
procedure prevents chronic pain due to AIA.

The results obtained in the present study reinforce our pre-
vious observations that during the development of arthritis Fos-
LI in the spinal cord may be a putative marker of chronic pain:
the number of Fos-LI neurons is maximal when the pathological
and behavioral signs of the disease are at their peak. In contrast,
with a vaccination, the number of Fos-LI neurons was consid-
erably lower when these signs were clearly reduced. In addition,
we have previously shown that a 2 week chronic treatment with
either aspirin or acetaminophen (paracetamol) prevents both
the pathological signs associated with arthritis and Fos-LI in
lumbar spinal cord (Abbadie and Besson, 1992b).

From a general point of view, these data are reminiscent of
numerous previous investigations (see the introductory re-
marks) showing that various modalities of noxious stimulation,
including acute inflammation, induce Fos-LI in the spinal cord.
Briefly, acute stimulation induces Fos expression in both the
superficial and deep laminae of the dorsal horn, while chronic
arthritis induces Fos expression in the deep dorsal horn and in
the ventral horn. These differences have already been discussed
(Abbadie and Besson, 1992a). Interestingly, Fos is expressed in
neurons that produce enkephalin (Noguchi et al., 1991) or dy-
norphin (Naranjo et al., 1991; Noguchi et al., 1991). Moreover,
the Fos—Jun complex is able to bind to the AP-1-like sequence
of enhancer region of the tyrosine hydroxylase (Gizang-Ginsberg
and Ziff, 1990), preproenkephalin (Sonnenberg et al., 1989), and
prodynorphin (Naranjo et al., 1991) genes. Thus, c-fos may play
a crucial role in the regulatory mechanisms of the CNS in re-
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sponse to chronic pain diseases. In addition to the above-men-
tioned data, it is important to note that some of the Fos-LI cells
observed in the present study may project to supraspinal levels.
In fact, a certain number of Fos-LI cells following subcutaneous
inflammation of the plantar hindpaw could be retrogradely la-
beled after administration of protein gold complex in various
supraspinal regions (Menétrey et al.,, 1989). Thus, as already
mentioned, the increase in the number of Fos-LI neurons during
arthritis could indirectly reflect spontaneous chronic pain and
hyperalgesia observed in these animals. In contrast, prevention
of both disseminated inflammation and Fos expression by vac-
cination blocked the development of both hyperalgesia and
spontaneous pain.
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