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Abstract: Herein, we explored the mumber of infiltrating mast cells in the skin of diabetic rabbits during the acute
phase of the inflammatory response induced by an active Arthus reaction. New Zealand Rabbits were divided
in 5 groups (n = 5/group). One group served as control while the others were subjected to the reaction. Two
Arthus groups (groups 1 and 2) received alloxan to mduce diabetes 75 days before the hyperimmumzation
protocol. Diabetes was confirmed by blood glucose tests 48 h after alloxan mjection and at the time of
euthanasia. An agar mmmunodifussion test showed that diabetics and non-diabetics (groups 3 and 4) had
enough serum antibodies by the time of euthanasia. Rabbits were euthanized at 8 h (groups 1 and 3) and 24 h
(groups 2 and 4). Controls (group 5, non-Arthus, non-diabetes) received saline and were killed at 24 h. Skin
samples were fixed m Carnoy's solution and mast cells were identified employing a low pH toluidine blue stan.
Mast cells were quantified per square millimetre and then, those degranulated cells were registered to obtain
absolute values. An ANOVA test employing a completely random design and subsequently, a Tukey's w test
were carried out. Arthus reaction influenced markedly mast cell infiltration. Although, diabetic animals had
fewer mast cells than non-diabetics (p<<0.05), numbers of degranulated cells were similar among them (p=0.05).
Diabetes markedly decreases the infiltration of mast cells during the active Arthus reaction in the skin. However,

their degranulation status is comparable with non-diabetics.
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INTRODUCTION

Diabetes 15 considered the most important metabolic
disease and diabetes-derived complications account for
the highest health risk in medicine (Bonow and
Gheorghiade, 2004). Although a persistent, non-healing
mflammatory response 1s the hallmark in diabetes, a
diminished neutrophilic mfiltration occurs during the
earlier phase of this tissue reaction (Goova ef al., 2001).
These mflammatory abnormalities could be linked to
other diabetic complications, such as microvascular
alterations (Gilbert et al., 2000), modified chemotactic and
phagocytic activities in neutrophils (Goova et al., 2001)
and reduced mast cell infiltration (Diaz et al, 2001,
de Oliveira Barreto et al., 2003).

Mast cells have been traditionally associated with
the severe clinical manifestation of hypersensitivity
reactions; however, it is now clear that these cells

intermingle inflammation, restoration and immune
response (Rodriguez-Aguirre ef al., 200R). Their prominent
influence depends on vasoactive molecules, enzymes and
an array of cytokines, including TNF- ¢, which is stored
preformed in mast cell granules (Abraham and Arocl,
1998, Krishnaswamy et al, 2001). Tt has
demonstrated that mast cells have an inportant role
during imtiation and progression of the Arthus reaction
(Zhang et al., 1991, Zweiman et al., 1998, Baumamm ef al.,
2001).

The Arthus
inflammatory phenomenon induced originally i the skin
of rabbits (Udaka, 1971). This phenomenon is considered
a classical example of a type III, immune complex-
mediated, hypersensitivity reaction (Udaka, 1971,
Ramirez-Romero and Brogden, 2000; Baumann et al.,
2001). The characteristic lesions induced include a marked
polymorphonuclear infiltration, wvasculitis, ocedema and

been

reaction 18 an immune-mediated
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haemorrhage (Udaka, 1971; Baumann et al, 2001).
Mast cells are considered one of the main orchestrators
of this mflammatory phenomenon (Zhang et al., 1991,
Baumann et al., 2001).

The current study examines the density of mast cell
and their activation status based on degranulation during
the acute phase of the mflammatory response of the
active Arthus reaction in the skin of diabetic rabbits.

MATERIALS AND METHODS

Animals and treatments: Twenty-five New Zealand white
rabbits, both sexes, weighting approximately 2.0 kg at
the begmning of experiment were maintamed under
conventional veterinary
supervision. The research protocol was carried out
following the guidelines of the Asociacion Mexicana de
Especialistas en Amimales de Laboratorio. The ammals
were assigned to 5 groups (n = 5/group). Four groups
were subjected to an active Arthus reaction. Previously,
two of them received alloxan 75 days before receiving
the hyperimmunization protocol (groups 1 and 2).
Non-diabetics received saline (groups 3 and 4) before
hyperimmunization. One group remained as control
(group 5, non-diabetic, non-Arthus). Animals were killed
at 8 (groups 1 and 3) and 24 h (groups 2, 4 and 5) after
challenge.

conditions and constant

Induction of diabetes: Diabetes was induced by mjecting
150 mg kg of Alloxan (Sigma, St. Louis, Missouri, USA),
endovenously. Controls received saline. Forty-eight
hours after a blood glucose test was carried out
(Ascencia, Elite, Bayer, México).

Induction of the active Arthus The
hyperimmunization procedure was carried out with
administration of three intramuscular injections (100 mg,

reaction:

each) of bovine serum albumin (BSA) (Sigma, St. Louis,
Missoury, USA) diluted into 1.5 mL saline, with seven
days mtervals. An extra immunization was administered to
diabetics Lnmune response
comparable to non-diabetics. Subsequently, amimals were
challenged intradermally with 200 pg of BSA diluted into
0.1 mL saline, injected in 2 sites of the dorsal skin.

to ensure a humoral

Immunodiffussion test: An agar immunodiffussion test
was carried out with serum samples obtained at the time
of euthanasia from diabetic animals.

Collection of samples and histological procedures:
Animals were killed with an overdose of sodium
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pentobarbital at 8 and 24 h after induction of the Arthus
reaction. Immediately after euthanasia the skin was
excised and fixed in Camoy ‘s solution for 20 h at 4°C and
then rinsed twice mn absolute ethanol. After this, samples
were routinely processed and sectioned at 4 pm and
stained with a low pH toluidine blue to recogmze mast
cells easily (Ramirez-Hernandez ef al., 2004). 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 mnfiltrating mast cells. The two sites obtamned from
each rabbit were included m two different slides. Mast
cells were counted in 20 high-power (% 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
gramiles scaftered in their immediate vicinity. The
percentage of degranulated cells was established by
counting 100 mast cells with higher magnification (> 1000).
Then, the corresponding absolute value for each animal
adapted to mm’ This procedure has
validated previously (Ramirez-Hernandez ef al, 2004;
Rodriguez-Aguirre ef al., 2008).

was been

Statistical procedure: A two-sample t test for blood
glucose levels mcluding controls versus diabetics at 48 h
after alloxan administration was utilised. Then a paired t
test to compare the blood glucose level registered at 48 h
versus level at time of euthanasia was carried out. An
ANOVA test employing a completely random design was
utilised for mast cell comparisons. After this, 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
Mimitab for Windows.

RESULTS
Blood glucose test: Diabetic ammals remained
hyperglycaemic throughout the study as was

demonstrated with the blood samples collected 48 h
after alloxan administration and also by the time
of euthanasia. Blood samples collected at 48 h
after alloxan administration gave 47475 (mean)t63.87
(standard deviation) whereas controls had 102.60+6.46. A
two sample t test with the assumption of unequal
variances demonstrated a strong difference (p = 0.0001).
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Fig. 1. Mast cells and degranulated mast cells values. A
tukey’s w test for means comparison showed that
groups 4 and 3 (non-diabetics with Arthus at 24
and 8 h, respectively) had the higher numbers of
mast cells in comparison with groups 1, 2 and 5
(diabetics with Arthus at 8 and 24 h and controls,
respectively)  (p<0.05).  However,
degranulated mast cells were compared, only the
controls (group 5) had the lowest numbers of
degranulated cells in comparison with all of the
Arthus groups, either diabetics and non-diabetics
(p=<0.05)

when

Subsequently, a paired t test carried out in diabetic
animals at 48 h versus time of euthanasia (428.88+78.01
demonstrated that hyperglycaemia prevailed throughout
the study (p=0.05).

Immunodiffussion test: The Ouchterlony’s test showed
that diabetics had enough for
precipitation (titre 1:16). However, precipitation bands
were more evident in non-diabetics.

serum  antibodies

Gross lesions and histopathology: All of the rabbits
subjected to the active Arthus reaction showed the
typical changes attributed to the reaction. The lesions
were mostly characterised by severe oedema and eritema.
Microscopically the changes were severe protemn-rich

)

622

infiltration of
polymorphonuclears. In some areas of the dermis,
perivascular haemorrhages and vasculitis were present,
but thrombosis occasionally. No
differences n severity were recogmzed between diabetics
and non-diabetics. Controls showed no changes.

oedema accompanied by massive

was observed

Quantification of mast cells: For valid statistical
inference, natural logarithm transformation was recuired
to make variance homogeneous among groups. The
ANOVA  showed strong differences among groups
(p=0.001). A subsequent comparison of the means using
the Tukey's w procedure showed that only the non
diabetics with Arthus (groups 3 and 4) had lugher
numbers of mast cells (p<0.05) whereas diabetics with
Arthus (groups 1 and 2) share similar values with
controls (group 5) (p0.05). Degranulated cells were also
compared employing the same procedures. ANOVA
showed statistical differences among groups (p = 0.005).
Subsequently, Tukey's w test showed that all of the
Arthus groups, either diabetics or non-diabetics share
similar values (p=0.05) but different from controls (p<<0.05)

(Fig. 1).
DISCUSSION

The Arthus reaction 1s considered the prototype
model of immune-complexes mediated inflammatory
diseases (Yanaba ef al., 2003). The relevance of mast cells
during these kind of inflammatory reactions has been
established (Udaka, 1971, Zweiman et al, 1998
Kaburagi et al, 2002; Yanaba et «l, 2003). In the
experiment performed herein we determined the munber of
mast cells by squared millimetre and their reactivity status
based on degranulation. Tt has been referred previously
that cell degranulation is one of the most accurate
evidence of mast cell reactivity (Ramirez-Hernandez et al.,
2004). Furthermore, the influence of long-lasting
hyperglycaemia on mast cell nfiltration and degranulation
was also evaluated m diabetic animals.

We explored the reaction between 8 and 24 h and
established it as an early phase period based on a
previous report by Kaburagi (2002) who
encountered that cedema, haemorrhage, neutrophils and
mast cell infiltration peaked at 8 h after induction of an
Arthus reaction. Additionally, Udala (1971) determined
that around 20-24 h the reaction begins to decline.

In this study we have clearly demonstrated that
diabetes drastically decreases the number of mast cells

et al.

wnfiltrating the skin of rabbits subjected to the reaction.
Indeed, the trend is toward a progressive time-dependent



J. Anim. Vet. Adv., 7 (3): 620-624, 2008

diminution. Our results are in accordance with previous
studies that referred a deficiency in mast cell infiltration
and reactivity in immune-complex models of mflammation
in diabetic ammals. For instance, reduced number and
reactivity of mast cells were registered in the trachea,
ileum and skin of diabetic rats subjected to an allergen-
evoked model of inflammation (de Oliveira Barreto ef ai.,
2003). Additionally, arway reactivity was diminished and
accompanied by fewer numbers of degranulated mast
cells in the airways of diabetic rats sensitised to
ovoalbumin (Cavalher-Machado et af., 2004). More
recently, Carvalho ef al (2005) demonstrated that a
reduction of mast cells in diabetic rats resulted in a wealk
allergic response despite their histamine content was
unaffected. This alteration was associated with an
mcreased glucocorticoid levels and a dimimished pro-
inflammatory influence of insulin (Carvalho et al., 2005).

In the experiment presented herein, mast cells exhibit
a higher degranulation status either in diabetics and non-
diabetics subjected to the reaction. Degranulation of mast
cells, probably the piecemeal way, is a sterectyped
condition in acute inflammation (Ramirez-Hernandez et al ,
2004). On this respect, Kaminer ef al. (1995) confinmed that
plecemeal degranulation of skin mast cells occurs as a
natural process during activation. In addition, Dvorak
(1998) proposed that piecemeal degranulation is a
constitutive activity susceptible to be up regulated by a
wide variety of stimulus. These arguments are in
accordance with the fewer numbers of degranulated mast
cells that we found in controls and the contrasting higher
numbers m Arthus, with a discrete mereased trend by
24 h. Apparently, diabetes markedly decreases the
recruitment of mast cells but, contrary to previous reports
(de Oliveira-Barreto et al., 2003; Cavalher-Machado et ai.,
2004), their degranulation reactivity remain unaffected.

We have recently reported that neither number
of infiltrating mast cells nor degranulation were
affected in rabbits with a seven days-lasting diabetes,
subjected to a local Shwartzman reaction i1 the skin
(Rodriguez-Agunre ef al, 2008). It is possible that a
longer hyperglycaemic period, such as the period
described here, would be necessary to observe significant
effects.

In the present experiment we considered the
possibility that diabetics rabbits respond in a wealker
manner to the antigen as has been reported in some
papers (Ptak et al., 1977; Gaulton et al., 1985). On this
respect, although diabetics showed a less defined
precipitation line than non-diabetics, the reaction was
evident and therefore, a comparable reaction could be
expected in vivo. Nonetheless, we recognized a marked
decrease m infiltrating mast cells. It has been reported that
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despite a comparable humoral immune response in vitro,
a decreased mtensity in an allergen-mnduced respiratory
reaction occurred in diabetics (Vianna and Garcia-Leme,
1995).

The chemokines RANTES, MIP-1¢ and MIP-2, as
well as the cytolanes TNF-¢ and 1L-6 are mncluded mn the
functional profile of activated murine mast cells obtained
from foetal skin (Matsushima et al., 2004). All of these
mediators exert a pro-inflammatory scenario  with
capability to mfluence mast cells in an autocrine manner
(Viamna and Garcia-Leme, 1995, Abraham and Arock,
1998; Coward et al., 2002). For instance, RANTES induces
mast cell recruitment in the skin of mice as soon as 4 h
after experimental inoculation (Conti er al, 1998).
Congidering the relevance of mast cells in the whole
process of inflammation-restoratior, it 1s the most likely
that limited numbers of mast cells at the beginning of the
process explain, at least m part, the overall deficiency
diabetics.

CONCLUSION

Diabetes decreases the number of infiltrating mast
cells in the skin of rabbits subjected to an active Arthus
reaction but their degranulation status remains
unaffected. Therefore, the deficiency during the acute
phase of the inflammatory response in diabetes could be
more quantitative than qualitative.
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