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Abstract
Objective—To investigate the activation of
NF-êB in the carrageenan rat air pouch
model of inflammation in a time course
experiment, and the eVect of dexametha-
sone on NF-êB activation.
Methods—Air pouch tissue treated with
carrageenan (inflamed tissue) was ob-
tained from rats killed at days 1, 2, 3, 6, 14,
21, 28 and 35 after carrageenan challenge.
Tissue was also taken from non-
carrageenan treated pouches (non-
inflamed tissue) at day 3, and from
inflamed tissues treated with dexametha-
sone. Tissue sections were wax embedded
and stained with an “activity specific”
monoclonal antibody raised against the
nuclear localisation signal (NLS) of the
p65 sub-unit of NF-êB.
Results—Cells containing activated
NF-êB were detected in the intimal and
sub-intimal regions of the air pouches as
early as day 1. There was a significant
increase in cells staining for activated
NF-êB as the inflammation progressed.
Initially cells staining were more promi-
nent in the intimal versus sub-intimal
region (p<0.001 for day 1) and at later time
points the pattern was reversed (p<0.001
for day 6). There was a significant reduc-
tion in the number of cells staining for
activated NF-êB in tissue taken from dex-
amethasone treated rats, compared with
inflamed pouches alone (p<0.001). At no
time point was positive staining for acti-
vated NF-êB observed in blood vessels.
Conclusions—Activated NF-êB is present
in the inflamed air pouch and the activa-
tion is associated with the inflammatory
response to carrageenan. Treatment with
dexamethasone resulted in reduced num-
bers of cells staining for activated NF-êB.
(Ann Rheum Dis 2000;59:303–307)

The transcription factor nuclear factor ê B
(NF-êB) is a ubiquitous, heterodimeric DNA
binding protein that induces the expression of a
wide range of inflammatory genes. The target
genes for NF-êB include many genes involved
in the inflammatory response, such as inter-
leukin 1 (IL1), interleukin 6, tumour necrosis
factor á (ÔÍFá), and inducible nitric oxide
synthase (for review see Baeuerle and Henkel1).

The most common DNA binding form of
NF-êB is a heterodimer of p50 and p65 (Rel A)
subunits. In non-stimulated cells, NF-êB exists
in the cytoplasm as a p50/p65 dimer bound to
its specific inhibitory protein IêB. Activating
stimuli such as TNFá and IL1, trigger the dis-

sociation of IêB from the NF-êB/IêB complex,
and the subsequent degradation of IêB. This
dissociation exposes the NLS of p50 and p65,
leading to the translocation of the subunits to
the nucleus where they bind to DNA to initiate
transcription of specific genes.1

The air pouch model of inflammation was
first described by Selye in 19532 and has been
used to study both the mechanisms underlying
the inflammatory response and various anti-
inflammatory treatments. The non-inflamed
cavity is lined by a thin layer of fibroblasts and
macrophage-like cells and resembles the nor-
mal synovium.3 4 The introduction of an
irritant into the cavity induces a chronic
inflammatory response that resembles that
seen in the rheumatoid joint.

We have previously demonstrated the activa-
tion of NF-êB in the rheumatoid synovium.5 6

The tissue distribution of NF-êB staining
seemed to be related to acute and chronic
phases of inflammation. We therefore used a
time course experiment to study the distribu-
tion of NF-êB staining as the inflammatory
reaction progressed, and the eVect of the corti-
costeroid, dexamethasone, on this process.
Unlike some other animal models, the air
pouch system allows the ready analysis of both
tissue and exudate fluid over a time course. In
this study, we show that this is a useful in vivo
model for future investigations of NF-êB
dependent inflammatory mechanisms and the
eVects of anti-inflammatory drugs.

Methods
THE AIR POUCH

Fifty male Wistar rats were divided in to three
groups (1) non-inflamed (control) pouch
(n=5), (2) inflamed (carrageenan treated)
pouch (n=40) (further subdivided into eight
groups (n=5) to form the time course) and (3)
dexamethasone treated inflamed pouch (n=5).
The air pouch was induced by injecting 20 ml
of sterile air subcutaneously into the dorsum

Table 1 Mean number of cells staining positive for
activated NF-êB in the intimal and sub-intimal zones of
the air pouch lining tissue, during the course of the
inflammatory response. Cell counting was carried out as
described in the Methods section

Day

Mean (SD)
number of cells
staining per µm2 in
the intimal zone

Mean (SD) number
of cells staining per
µm2 in the
sub-intimal zone

p Values for the
diVerence
between the two
zones

1 12.4 (2.1) 2.2 (1.4) p<0.001
2 18.9 (8.9) 4.2 (1.1) p<0.01
3 7.0 (2.7) 6.3 (0.8) p=0.58
6 3.9 (1.0) 9.2 (1.1) p<0.001
14 0.2 (0.3) 6.7 (1.9) p<0.01
21 1.6 (0.4) 0.4 (1.0) p<0.001
28 2.6 (0.4) — —
35 1.0 (0.5) — —
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and maintained by re-injection two days later.
The pouches were allowed to stabilise for 3
days, then (1) the carrageenan time course was
begun with the injection of 1 ml of 2%
carrageenan solution into the pouch (this was

defined as day 0, at day 1 one group of rats were
killed, and this was repeated at days 2, 3, 6, 14,
21, 28 and 35), and (2) the dexamethasone
treated pouches were injected with both
carrageenan and 1 ml of a 1 mg/kg solution of

Figure 1 Immunohistochemical staining of the active form
of NF-êB within rat air pouch tissue. (A–G), NF-êB
staining within rat air pouch tissue at day 1, 2, 3, 6, 14, 21
and 35, respectively, showing the change in distribution of
staining cells with time (original magnification × 100).
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dexamethasone, these animals were killed three
days later. Control animals (non-inflamed
pouch) were also killed at day 3. After death the
exudate was removed from the pouch and the
wall granuloma dissected out. The pouch exu-
date volume and wet pouch weights were
recorded. The excised pouch tissue was fixed in
formalin-saline and embedded into paraYn
wax blocks.

IMMUNOHISTOCHEMISTRY

Tissue sections (5 µm thick) were mounted
onto slides, dewaxed in xylene and rehydrated
through graded alcohols. The tissue sections
were then incubated first in a 1% hydrogen
peroxide solution in methanol for 10 minutes
to quench endogenous peroxidase activity, then
in a blocking solution of 1% normal horse
serum and 1% bovine serum antigen for 20
minutes to prevent non-specific staining. The
primary antibody used was the anti-NF-êB,

p65 sub-unit at 2.5 µg/ml (Boehringer Mann-
heim, UK) and tissue sections were incubated
with a 1:200 solution of this antibody overnight
at 4°C. This antibody recognises the NLS of
the p65 subunit and hence, only activated
NF-êB.7 This antibody was detected using a
biotinylated secondary antibody (LSAB2 kit,
Dako Corporation, UK) and the stain devel-
oped using 3,3'-diaminobenzidine (DAB) with
nickel enhancement.

Control experiments were performed by (1)
omission of the primary antibody and (2) pre-
incubation of the primary antibody with the
NLS peptide sequence (synthesised by Alta
Bioscience, UK).

QUANTIFICATION OF POSITIVELY STAINED CELLS

Cells staining for NF-êB were counted using a
10 ×10 grid graticule placed at random in one
of two zones in the pouch wall. The intimal
zone extended to a depth of about 300 µm from

Figure 2 Immunohistochemical staining of the active form
of NF-êB. NF-êB staining within rat air pouch tissue at
day 3 in (A) inflamed air pouch tissue stained with
phosphate buVered saline (control) (original magnification
× 100), (B) inflamed air pouch tissue stained with
pre-absorbed peptide (control) (original magnification ×
100), (C) non-inflamed air pouch tissue (original
magnification × 200), (D) dexamethasone treated inflamed
tissue (original magnification × 200), (E) inflamed air
pouch tissue showing the absence of vessel staining (arrows)
(original magnification × 200).
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the surface and the sub-intimal zone occupied
the area between the intimal zone and the
underlying connective tissue (about 1300 µm).
A minimum of 50 cells were counted in each
area and for each section six areas in each zone
were counted. All statistical analyses were per-
formed using an unpaired Student’s t test.

Results
The model was validated by assessing the
volume of exudate and granuloma weight at the
time of death. These measurements increase
up to day 14 when the inflammatory response
is greatest, then reduce with the resolving
inflammation (data not shown).

Table 1 shows the mean number of cells
staining positive for activated NF-êB in the
intimal and sub-intimal zones of the inflamed
air pouch over the 35 day time course and p
values for comparisons between the two zones.
As shown in table 1, there was a greater
number of cells staining positive for activated
NF-êB in the intimal zones compared with the
sub-intimal zones at earlier time points (see
days 1, 2, 3 in table 1). However, after day 3 the
pattern was reversed with a greater number of
cells staining positive for activated NF-êB in
the sub-intimal zone (see days 6 and 14 in table
1). These diVerences were significant at all time
points (p<0.01) except day 3 (p=0.58). After
day 14 the mean number of cells staining posi-
tive for activated NF-êB decreased. This
decrease correlated with the resolution of the
inflammatory response as seen by reduced
granuloma weight and exudate volume. Cell
counts for the deeper, sub-intimal zone could
not be taken after day 21 as the pouch wall was
too thin.

Figure 1 shows examples of photomicro-
graphs of tissue sections stained for activated
NF-êB, from which the cell counts were taken.
These illustrate the change in localisation of
cells staining positive for activated NF-êB from
the intimal zone (nearest the surface) to the
sub-intimal zone (deeper within the tissue) as
the time course progresses. At no time point
was staining seen in blood vessels (see fig 2E).
Control tissue sections stained with either
phosphate buVered saline (fig 2A) or pre-
absorbed peptide (fig 2B) did not stain for
activated NF-êB.

There were significantly fewer cells staining
for activated NF-êB in both the intimal zone
(mean (1SD) 0.021 (0.014) cells per µm2;
p<0.001) and sub-intimal zone (0.013 (0.01)
cells per µm2; p<0.001) of the non-inflamed
pouch when compared with the inflamed
pouch at day 3. This can been seen from the
photomicrographs by comparing figure 2C
(non-inflamed pouch) with figure 2E (inflamed
pouch). Similarly, a reduction in the number of
cells staining for NF-êB was seen in both the
intimal (0.058 (0.024) cells per µm2; p< 0.001)
and sub-intimal zone (0.034 (0.018) cells per
µm2; p<0.001) of dexamethasone treated
pouches when compared with the inflamed
pouch at day 3 (also compare fig 2D with fig
2E).

Discussion
This study demonstrates the presence of
activated NF-êB within the inflamed air pouch
wall and shows that the activation is associated
with the development of the inflammatory
response. Activated NF-êB was identified pre-
dominantly in the intimal zone at the earlier
time points when the vasculature within the
tissue is not well developed. After day 3 this
pattern is reversed, possibly because of the
rapid development of the vasculature within
the subintimal zone and the subsequent
infiltration of NF-êB positive cells.

Previous studies of synovial tissue from
patients with rheumatoid arthritis demon-
strated staining for activated NF-êB in both
synovial lining cells and synovial microvascular
endothelial cells,5 6 although staining of the lin-
ing seemed to be more predominant in patients
with chronic disease.

Recent studies in animal models have shown
the induction, during the time course of the
inflammatory response, of activated NF-êB,8 9

although only the first of these studies used an
immunohistochemical approach. Immunohis-
tochemical staining for NF-êB in rat adjuvant
arthritis synovial tissue revealed staining pre-
dominantly in macrophage-like synoviocytes,
and around vessels that was attributed to
smooth muscle cells.8 Clearly, these diVerences
may reflect the nature of the disease processes
in the diVerent systems.

The administration of dexamethasone into
the pouch at the same time as carrageenan
challenge reduced both parameters of inflam-
mation (exudate volume/ granuloma weight,
data not shown) and staining for activated
NF-êB in the inflamed pouch. There are vari-
ous hypotheses on the mechanism of action of
glucocorticoid drugs. It has been suggested
that glucocorticoids exert their anti-
inflammatory activity by inducing the synthesis
of IêB,10 11 which blocks the NF-êB mediated
expression of the target pro-inflammatory
genes. Another mechanism that may contribute
is the direct interaction of the glucocorticoid
receptor with NF-êB.12 The increase in IêB
synthesis and the interaction with NF-êB by
the glucocorticoid receptor may explain the
reduction of NF-êB activation seen in these
pouches.

There is increasing evidence that the activa-
tion of NF-êB is a key step in the inflammatory
response within the rheumatoid joint. In addi-
tion to corticosteroids, a variety of anti-
rheumatic drugs have been shown to inhibit
NF-êB activation in vivo, including aspirin (at
high doses)13 and tepoxalin.14 Therefore, acti-
vated NF-êB potentially constitutes an impor-
tant pharmacodynamic end point in animal
model-based studies of novel anti-
inflammatory drugs.
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