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Abstract: Mast cells numbers and reactivity status based on their degranulation was determined in the skin of
rabbits during the imtiation and progression of the active Arthus reaction. New Zealand Rabbits divided in
three groups (n = 5/group) were subjected to the reaction and killed at three different time periods. Briefly, the
animals received three immunizations (seven days intervals) with bovine serum albumin intramuscularly and
a challenge seven days apart intradermally. Animals were euthanized at 8 h, 24 h and 8 days, post challenge.
One group served as control (saline for immunization and challenge) and was killed at 24 h. Skin samples were
fixed in Carnoy's solution and mast cells were 1dentified employing a low pH toluidine blue stain. Numbers of
mast cells were identified per square millimetre and, subsequently, those cells degranulated were 1dentified and
quantified to obtain absolute values. The values were transformed (natural logarithms) for appropriate statistical
comparisons. An ANOVA test using a completely random design and a Tukey's w test were carried out. The
nmumbers of infiltrating mast cells were significantly different in all of the Arthus groups in comparison with
controls (p<0.05). Although, all of the Arthus groups had higher values of degranulated cells, only group at
24 h was significantly different from controls. It was concluded that mast cells have a prominent role during the

early and late phases of this inflammatory model.
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INTRODUCTION

The Arthus reaction 13 an immune-mediated
inflammatory phenomenon induced originally in the skin
of rabbits (Udaka, 1971). This experimental model is
considered a classical example of a type III, immune
complex-mediated, hypersensitivity reaction. The
characteristic lesions 1induced include a marked
polymorphonuclear infiltration, vasculitis, oedema and
haemorrthage (Ramirez-Romero and Brogden, 2000,
Baumann et al., 2001). Mast cells are considered the
orchestrators of the Arthus reaction (Zhang et al., 1991;
Ramirez-Romero and Brogden, 2000; Baumann ef af.,
2001). More recently, it has been demonstrated that C3,
originally thought to be an important component of
this immune-mediated reaction, has not a real
preponderance in the initiation of this reaction in the skin
(Baumann et al., 2001).

Mast cells have been traditionally associated
with the severe climcal mamifestations of the
hypersensitivity reactions, however, it 1s now clear that
these cells intermingle the inflammatory reaction, the

tissue  restoration and the immune response
(Rodriguez-Agwmrre ef al, 2008). Ther prominent
influence depends on vasoactive molecules, enzymes and
an array of cytokines, including TNF- ¢, which is stored
preformed in mast cell granules (Abraham and Arock,
1998; Krishnaswamy et af., 2001). It has been
demonstrated that mast cells have an inportant role
during mitiation and progression of the Arthus reaction
in the skin (Zhang et al., 1991, Zweiman ef al., 1998,
Baumann et al., 2001).

The current study examines the density of mast cell
and their activation status based on degranulation
throughout 1mtiation and progression of the active
Arthus reaction m the skin of rabbits.

MATERIALS AND METHODS

Animals and treatments: Twenty New Zealand White
rabbits, both sexes, weighting approximately 2.6 kg at the
beginming of experiment were maintamed under
conventional conditions and constant veterinary
supervision. The research protocol was carried out
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following the guidelines of the Asociacion Mexicana de
Especialistas en Amimales de Laboratorio. The ammals
were assigned to four groups (n = 5/group). Three groups
were subjected to an active Asrthus reaction and
euthanized at 3 different times 8, 24 h and 8 days after
challenge. The other group was control and killed at 24 h.

Induction of the active arthus reaction: The
hyperimmumization procedure was carried out with
administration of 3 intramuscular injections (100 mg, each)
of bovine serum albumin (BSA) (Sigma, St. Louis,
Missouri, USA) diluted into 1.5 mL saline, with seven
days intervals. Subsequently, animals were challenged
intradermally with 200 pg of BSA diluted into 0.1 mL
saline, imgected 1n 2 sites of the dorsal skin, seven days
after.

Collection of samples and histological procedures:
Animals were killed with an overdose of sodium
pentobarbital at 8 h, 24 h and 8 days after induction of the
Arthus reaction. Immediately after euthanasia the skin
was excised and fixed in Carnoy’s solution for 20 h at 4°C
and then rinsed twice in absolute ethanol. After this,
samples were routinely processed and sectioned at 4 um
and stained with a low pH toluidine blue to recognize
mast cells easily (Ramirez-Romero et al, 2000
Rodriguez-Aguirre ef al., 2008). In addition, representative
sections of each group were stained with H and E for
routine observation.

Procedure for mast cell quantification: The skin sections
stained with low pH toluidine blue were used to quantify
the infiltrating mast cells. The 2 sites obtained from each
rabbit were included in two different slides. Mast cells
were counted mn 20 high-power (x 400) fields, which are
equivalent to 3.694 mm® The fields were randomly
selected followmg a zigzag pattern of the superficial
dermis. When the counts were completed all of the values
obtained were adapted to mm”. For degranulated cells the
criteria was to include mast cells with metachromatic
granules scaftered in their immediate vicinity. The
percentage of degranulated cells was established by
counting 100 mast cells with higher magmnification
(* 1000). Then, the corresponding absolute value for each
animal was adapted to mm’. This procedure has been
validated previously (Ramirez-Romero et «al, 2000,
Rodriguez-Aguirre et al., 2008).

Statistical procedure: An ANOVA test employing a
completely random design was utilized. After thus, a
Tukey's w procedure for multiple comparisons of means
was carried out. The level of significance for all of the
procedures was p = 0.05 or lower. The statistical software
employed was Statistix for Windows version 1996.
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RESULTS

Gross lesions and histopathology: All of the rabbits
subjected to the active Arthus reaction showed the
typical changes attributed to the model. The lesions were
mostly characterised by severe ocedema and eritema. One
animal showed marked haemorrhage. All of the lesions
disappeared by the last time period (8 days).
Microscopically, the changes were severe protein-rich
oedema accompanied by massive mfltraton of
polymorphonuclears. In some areas of the dermis,
perivascular haemorrhages and vasculitis were present,
but thrombosis was observed occasionally. The changes
were more severe by 24 h after challenge. Nonetheless,
most of the changes remained until 8 days but were
discrete. Controls showed no changes.

Quantification of mast cells: For valid statistical
inference, natural logarithm transformation was recuired
to make variance homogeneous among groups. The
ANOVA  showed higher significance {(p<0.001)
demonstrating strong differences among groups. A
subsequent comparison of the means using the Tukey's
w procedure showed that the unique group different from
all of the rest was the control (p<t0.05), whereas the rest
shared similarities (p>0.05). Degranulated cells were also
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Fig. 1: Comparison of mast cell numbers (natural logarithm
values) during early and late phases of the active
Arthus reaction. There are no differences among
mast cells during the evolution of the Arthus
reaction. However, control group has significantly
fewer mast cells. Degranulated cells were different
form control only at 24 h (Tukey's test, p<<0.05)
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compared employing the same procedures. ANOVA
analysis showed statistical differences among groups
(p<0.05). However, means comparison by Tukey's w test
showed that only group at 24 h was really different from
control (p<0.05) (Fig. 1).

DISCUSSION

Despite the relevance of mast cells during the
immune complexes-mediated hypersensitivity reactions
(Udaka, 1971; Zweiman et al., 1998; Kaburagi et al., 2002,
Yanaba et al., 2003), to owr knowledge, there are no data
concerned with the quantification of mast cells during the
mitiation and progression of the Active Arthus reaction.
This work refers to a quantitative profile of infiltrating
mast cells during the early and late phases of thus
experimental induced phenomenon considered
prototype of the immune complex-mediated hypersensi-
tivity reactions (Yanaba et al., 2003).

Zweiman et al. (1998) encountered that mast cell
activation is already markedly increased at 5 h of initiated
an immune-mediate inflammatory reaction. However,
Kaburagi et al. (2002) encountered that oedema,
haemorrhage, neutrophils and mast cell infiltration peaks
at 8 h. For that reason we explored the reaction at 8 h and

a

considered it an early phase of the reaction. On the other
hand, Udaka (1971) says that the reaction begins to
decline between 20-24 h after induction, thus we
considered this time point as the late phase of the Arthus
reaction. Furthermore, our study also determines the
status of mast cell activation based on degranulation. It
has been referred previously that cell degranulation is one
of the most accurate evidence of mast cell activity
(Ramirez-Hernandez et al., 2004).

Although, resulted
statistically similar among early and late phases and
inclusively, at 8 days, all of the Arthus groups were
statistically different from control. It is the most likely that
conditions favouring mast cell mnfiltration remain in this
pro-inflammatory milieu. On this respect, adhesion
molecules such as vascular selectins E and P and ICAM-1
are necessary for the accumulation of mast cells during
mitiation and progression of the Arthus reaction
(Kaburagi et al., 2002; Yanaba et al., 2003). The apparent
decline tendency of infiltrating mast cells by 8 days has to
be confirmed in studies including longer time periods.

With respect to mast cell degranulation, we observed
a tendency in accordance with density at each time point;
however, in this case, the numbers of degranulated cells
were statistically different from controls only at 24 h. We
originally expected increased numbers of degranulated

infiltration of mast cells
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cells at the earlier phase of the Arthus reaction but they
remained with values statistically similar during all time
periods. Massive and immediate degranulation has been
attributed to anaphylactoid reactions (Kaminer et al,
1995). Conversely, piecemeal and slow degranulation has
been reported m various chromic processes and during
wound healing (Dvorak and Kissell, 1991, Kaminer ef af.,
1995). Nevertheless, Kaminer et al. (1995) encountered
that even during an TgE-mediated reaction, piecemeal
degranulation occurs and this is probably a natural
process during mast cell activation. In our study, mast
cells appeared degranulated even until 8 days and this
was probably m accordance with piecemeal degranulation.
Moreover, the slight decline in their numbers appearing
by 8 days seems to be also a natural condition attributed
to antigen decay. It has been widely accepted that the
role of mast cells in wound healing i1s preponderant
(Abraham and Arock, 1998) and in our study, the
increased number of degranulated cells by the considered
late phase of the reaction, seems in accordance with the
beginning of the healing process. Obviously, conditions
to stimulate mast cell degranulation remain during all of
the process and the major influence could be a stimulation
of the low affinity TgG receptor TIT (FeyRIIT). Tt has been
widely demonstrated that this low affinity Fe receptor and
the complement fraction C5a receptor (C5aR) are required
on mast cell suface for a complete expression of the
inflammatory phenomenon during an Arthus reaction
(Baumann et al., 2001; Yuasa ef al., 2001).

CONCLUSION

Our experiment confirms the preponderant role of
mast cells during this classical immune-mediated type I11
hypersensitivity model, the active Arthus reaction.
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