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CYTOKINE AND NITRIC OXIDE LEVELS IN A RAT MODEL OF
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In the present study we investigated the correlation between the progression of adjuvant arthritis
induced by Mycobacterium butyricum and the production of nitric oxide and some pro- and anti-inflammatory
cytokines in arthritic rats and in rats treated with low intra-peritoneal doses of Mycobacterium 3 and 10
days after arthritis induction. The intra-peritoneal administration of Mycobacterium antigen significantly
inhibited disease development. Compared to healthy rats, a rise in serum and peritoneal pro-inflammatory
cytokines was observed in all arthritic rats already from the 14" day. The treatment with intra-peritoneal
Mycobacterium was associated with a significant reduction in IL-6 serum concentrations and a slight
decrease of IFN-y production by peritoneal macrophages. Nitrite/nitrate plasma and peritoneal levels were
significantly higher in all arthritic rats. Intra-peritoneal administration of Mycobacterium caused a further
increase in nitrite/nitrate plasma concentrations, while no differences were evident in nitric oxide
production by peritoneal macrophages. From our data it is evident that among the variables here
investigated, IL-6 seems to be the more representative marker of the disease and of the treatment effect.
A possible role of nitric oxide as a modulator rather than a direct mediator in this model of inflammation

is discussed.

Rheumatoid arthritis is a chronic autoimmune
disorder characterized by accumulation of activated
T cells, macrophages and plasma cells in the
joints. Although the cause of this disease is still
unknown, recent studies have shown that cytokines
secreted by the activated cells are likely to play a
major role in the maintainance of the inflammatory
process (1). In particular, the importance of cytokines
such as IFN-v, IL-1, IL-2 and IL-6 in the
pathogenesis of arthritis has been demonstrated in
vivo in different animal models (2, 3). In addition,
it has been shown that IL-10, an antiinflammatory
cytokine secreted by activated T cells, monocytes
and B cells (4, 5), is spontaneously produced by
sinovial membrane cells derived from patients
with rheumatoid arthritis (6).

Aberrations in nitric oxide (NO) metabolism

have been reported in a number of different models
of pathophysiological conditions, including acute
(7) and chronic (8, 9) inflammation, associated
with an overproduction of NO that either directly
or indirectly may promote tissue injury (10, 11).
So, itis not surprising that changes in NO produc-
tion have been found to be associated with arthritic
immunopathies (12) though the exact relationship
between NO and the disease pathogenesis is not
well defined.

Adjuvantarthritis (AA) is an extensively studied
model in the rat which shares many clinical and
histopathological features with human rheumatoid
arthritis: it is generally considered as a T-cell
dependent chronic inflammatory disease of
autoimmune origin (13). In previous studies we
showed that the intra-peritoneal (i.p.) treatment of
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rats with Mycobacterium butyricum (Mb) on days
3 and 10 after arthritis induction, at concentrations
10 times lower than the inducing one, led to a
significant antigen-specific and long-lasting
suppression of arthritis development (14).

The aim of this study was to investigate the
correlation between the development and
progression of AA and the production of pro- and
anti-inflammatory cytokines in arthritic rats (non
protected animals) and in rats with the disease
treated with low i.p. doses of Mb (protected animals).
Moreover, we investigated the nitrite/nitrate serum
levels, that provide an accurate measurement of
NO production in vive (15) in protected versus
non protected animals.

MATERIALS AND METHODS

Induction and evaluation of AA

AA was induced in 36 inbred male Lewis rats
(Charles River, Italy), weighing 125-150 g, by injection
into the right hindpaw of Freund’s complete adjuvant,
0.6 mg of heat-killed Mb (Difco, Detroit, MI, USA)
suspended in 0.1 ml of paraffin oil. Animals were
weighed every three days and at the same time the
severity of arthritis was assessed by measuring the
controlateral paw swelling with an electronic water
plethysmometer (Mod. 7150, Ugo Basile, Milan, Italy).
After 14, 21 and 28 days arthritis development was
evaluated by the same blind observer: primary and
secondary arthritic lesions were scored on an arbitrary
scale (arthritic index) as follows: left and right hind
feet each 0-7, left and right fore feet each 0-4, tail 0-5,
ears 0-2, nose and eyes each 0-1.

Treatment and blood samples

Arthritic animals were randomly assigned to these
following different treatments (18 animals per group):
i.p. injection of 0.1 ml of paraffin oil on day 3 and 10
after arthritis induction (group AA) or i.p. injection of
60 pg of Mb suspended in 0.1 ml of paraffin oil at the
same times (group AA+Mb). A group of 18 healthy
rats was also included in the study.

Blood samples were collected by cardiac puncture
from ether-anaesthesized rats at weekly intervals. Blood
was centrifuged and the sera or plasma were stored at
—20°C until testing for laboratory parameters.

Peritoneal lavages and macrophages collection
Atdays 14,21 and 28 peritoneal cells were harvested
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from six rats of each group. Cells obtained by peritone-
al lavages were washed three times in sterile PBS,
counted and suspended at a concentration of 1x10%ml
inIscove’s modified Dulbecco’s medium supplemented
with FCS 10%, 100 U/pl penicillin, 100 mg/ml
streptomycin, 1.5 mM L-glutamine, 2 mM -
mercaptoethanol, plated in a 24-well microplate and
incubated at 37°C, 5% CO,. After 2 h, plates were
washed to remove non-adherent cells and macrophages
were cultured for 24 h. Then culture media were collected
and stored at —20°C until analysis.

IL-6, IL-10 and IFN-vy bioassays in serum and
macrophage culture media

To measure IL-6 activity, the murine IL-6 dependent
hybridoma cell line 7TD1 was used, according to a
previously described method (14): the standard was a
human recombinant IL-6 (Boehringer Mannheim,
Germany).

IL-10 and IFN-y were measured by using an
ELISA method (Cytoscreen™ Immunoassay Kkit,
Biosource Int., Camarillo, California, USA): antibodies
specific forrat IL-10 or rat IFN-y have been coated into
the wells of microtiter plates, followed by the addition
of a biotinylated second antibody. During the first
incubation, the antigens bind simultaneously to the
immobilized antibody on one site and to the solution
phase biotinylated antibody on a second site. After
removal of excess second antibody, streptavidin-
peroxidase enzyme is added: this binds to the biotinylated
antibody to complete the four-member sandwich. After
a second incubation and washing to remove all the
unbound enzyme, a substrate solution is added which is
acted upon by the bound enzyme to produce color. The
intensity of this colored productis directly proportional
to the concentration of IL-10 or IFN-vy present in the
original specimen.

Nitrite/nitrate measurement

The total plasma nitrite amount (nitrite/nitrate)
was assayed by using a colorimetric method (Cayman,
Ann Arbour, MI, USA). Briefly, in a 96-well microplate
40 pl of plasma, 40 pl of assay buffer, 10 pul of enzyme
co-factor and 10 pl of nitrate reductase were placed.
Samples were incubated for 3 h at room temperature to
allow a complete conversion of nitrate to nitrite. To
evaluate the total nitrite amount, 100 pl of Griess
reagent (1:1 of 0.1% naphtylethylene-diamine
dihydrochloride/1% sulfanilamide in 5% H,PO,) were
added, allowing the color to develop for 10 min and






