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Abstract

In the present study, histopathological analysis of rat mesentery Wagwords

used to quantify the effect of two anti-inflammatory agents, dexamethNeutrophil migration
asone (Dex) and pertussis toxin (Ptx), on leukocyte migration. ThBertussis toxin
intravenous injection of Dex (1 mg/kg) and Ptx (1,200 ng) 1 h prior td-PS

the intraperitoneal injection of the inflammatory stimuli lipopolysac- Pexamethasone
charide (LPS) or formyl-methionyl-leucyl-phenylalanine (fMLP) sig- Mesentery
nificantly reduced the neutrophil diapedesis (LPS: Ptx = 0.86 + 0_-1§||stopatholog|cal approach
and Dex = 0.35 + 0.1 saline (S) = 2.85 + 0.59; fMLP: Ptx=0.43+ T
0.09 and Dex 0.01 + 0.0&% S = 1.08 £ 0.15 neutrophil diapedesis/

field) and infiltration (LPS: Ptx = 6.29 + 1.4 and Dex = 3.06 + 0s76

S =15.94 + 3.97; fMLP: Ptx = 3.85 + 0.56 and Dex = 0.40 + (516

S =7.15+1.17 neutrophils/field) induced by the two agonists in the rat

mesentery. The inhibitory effect of Dex and Ptx was clearly visible in

the fields nearest the venule (up to 200 um), demonstrating that these
anti-inflammatory agents act preferentially in the transmigration of

neutrophils from the vascular lumen into the interstitial space, but not

in cell movement in response to a haptotactic gradient. The mesentery

of rats pretreated with Dex showed a decreased number of neutrophils

within the venules (LPS: Dex = 1.50 + 0385 = 4.20 + 1.01; fMLP:

Dex =0.25+ 0.11s S = 2.20 £ 0.34 neutrophils in the lumen/field),

suggesting that this inhibitor may be acting at a step that precedes

neutrophil arrival in the inflamed tissue. In contrast to that observed

with Dex treatment, the number of neutrophils found in mesenteric

venules was significantly elevated in animals pretreated with Ptx

(LPS: Ptx =9.85 £ 2.26s S =4.20 + 1.01; fMLP: Ptx =4.66 £ 1.24

vs S = 2.20 * 0.34 neutrophils in the lumen/field). This discrepancy

shows that Ptx and Dex act via different mechanisms and suggests that

Ptx prevents locomotion of neutrophils from the vascular lumen to the

interstitial space. In conclusion, the method described here is useful

for quantifying the inflammatory and anti-inflammatory effect of

different substances. The advantage of this histopathological ap-

proach is that it provides additional information about the steps

involved in leucocyte migration.
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Introduction travital microscopy was introduced to over-
come this deficiency and to allow the gather-
The migration of specific leukocyte sub-ing of important information on the contribu-
sets from the microvascular lumen to extion of adhesion molecules to the mechanisms
travascular tissue is a characteristic featurthat mediate the passage of leukocytes across
of the inflammatory response. Such leukothe vessel walin vivo (3,7). The principal
cytes function as the primary line of hostdisadvantages of this method are its level of
defense in the destruction of microorgansophistication and elevated cost, since it re-
isms and in the initiation of tissue repair.quires a good recording setup (microscope,
This process is initiated by the extravasculatamera, video monitor) and computer facili-
generation of chemoattractants (1,2) and bijes (software, printer).
the formation of weak reversible adhesive The objetive of the present study was to
interactions between leukocytes and vascuevelop a simpler and less expensive method
lar endothelial cells. This binding is medi-for the analysis and quantification of neutro-
ated by selectins, and although of relativelyphil migration into inflamed peritoneal cavi-
low affinity, is sufficient to serve as a bio-ties based on histopathological features of
logical brake which quickly decelerates leuthe rat mesentery. Throughout this study, we
kocytes by making them roll on endothelialused lipopolysaccharide (LPS) and formyl-
cells. During rolling, leukocytes may be acti-methionyl-leucyl-phenylalanine (fMLP) as
vated by chemoattractants, with a consehe pro-inflammatory stimuli and dexameth-
quent greatly increased affinity of theig 3 asone (Dex) (8) and pertussis toxin (Ptx)
integrin adhesion receptors for ligands orfrom Bordetella pertussis (9) as inhibitors of
activated endothelium. A chemotactic signaheutrophil migration. We have recently dem-
present outside the venule induces leukanstrated that the inhibitory activity of per-
cytes to squeeze between the endotheliaiissis toxin depends on the ADP-ribosylating
cells of the venule and to migrate to the sitactivity of its A protomer on G proteins (10).
of inflammation (3,4).
Although leukocytes are necessary for hod¥laterial and Methods
defense against infection, an excessive infil-
tration of these cells into the inflammatory siteAnimals
can cause tissue damage. Thus, efforts have
been made to understand this process, and to Male Wistar rats (150-200 g) from the
develop substances that can interfere with spanimal colony of the Federal University of
cific steps of leukocyte recruitment. Ceara were used throughout the study. The
The mesentery is a translucent tissue thainimals received water and foed /ibitum.
allows direct viewing of the microcirculation
without microtomy (5). This tissue can beDrugs and toxins
easily inflamed by the injection of various
stimuli into the peritoneal cavity, and has been Lipopolysaccharide frodischerichia coli
extensively used as a model for anti-inflam9111:B4 (Difco, Detroit, Ml) and N-formyl-
matory drug screening. The easiest means nfethionyl-leucyl-phenylalanine (Sigma
quantifying leukocyte infiltration is to perform Chemical Co., St. Louis, MO) were used as
total and differential cell counts in peritonealneutrophil chemotactic stimuli. Dexametha-
exudates (6). However, using this procedurgone acetate (Prodrome, Campinas, SP,
little information is obtained about the mechaBrasil) was used as an anti-inflammatory
nisms involved in leukocyte recruitment intoagent. Prior to use, the drugs were diluted
the inflamed mesentery. The technique of infrom stock solutions in sterile 0.9% NacCl.
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Pertussis toxin was purified from the suences among groups was determined by
pernatants oB. perrussis 165 cultures by ANOVA followed by the Tukey test. Re-
hydroxylapatite chromatography and fetuingression analysis was performed to deter-
affinity chromatography (11). Ptx was a genmine the 95% confidence interval and the
erous gift from Dr. Erik Hewlett (University linear correlation coefficient (r). P values
of Virginia, VA, USA). less than 5% were considered to indicate

statistical significance.
Experimental protocols
Results

LPS (200 ng/cavity) or fMLP (44 ng/
cavity) was injected intraperitoneallip{ 1  LPS- and fMLP-induced neutrophil infiltration
ml) into rats pretreated intravenousiy)(L h  into rat mesenteric tissue
earlier with Ptx (1,200 ng), Dex (1 mg/kg) or
saline (0.2 ml). Ptx (1,200 ng/rat) and Dex (0.2 mg/rat)

The animals were sacrificed 2, 3 or 4 linjectediv 1 h before LPS (200 ng) or fMLP
after theip injection of LPS and 4 h after (44 ng) significantly (P<0.05) reduced the
fMLP, and the peritoneal cells harvested bynesenteric neutrophil infiltration induced
washing the cavities with 10 ml of PBSby both inflammatory stimuli (Figure 1A
containing 5 U heparin/ml. Total and differ-and C). The reduced neutrophil infiltration
ential cell counts were performed as deeould be seen in the first 200 um close to the
scribed elsewhere (6). The results are rerenule (P<0.05; Figure 1B and D). The ef-
ported as number of neutrophils/ml. Afterfect of Dex or Ptx on LPS-induced neutro-
harvesting the exudate, the peritoneal cavitghil infiltration is illustrated in Figure 2.
was opened, the mesentery removed arthere was a clear reduction in the number of
fixed in 10% neutral buffered formalin. Af- neutrophils in the mesentery of animals pre-
ter 48 h, the tissue was sectioned into smalleated with Ptx (C and D) or Dex (E and F)
pieces and mounted on albumin-coated glasshen compared to controls (A and B). A
slides. Twenty-four hours later the histologi-similar response was observed with fMLP
cal sections were stained with hematoxylir{data not shown). Regression analysis showed
and eosin. Quantitative histological analysishat there was a positive correlation (r =
was performed by light microscopy using &.77) between the number of infiltrated neu-
1000X-immersion objective. The extent oftrophils in the mesentery and the number of
neutrophil infiltration was quantified in five these cells present in the peritoneal washes 4
consecutive microscopic fields on both sideh after the injection of LPS. The 95% confi-
of the luminal and extraluminal sides. Thedence interval of the correlation coefficient
number of neutrophils inside the vessel antbr the population was different from zero,
the number of cells in diapedesis (neutroindicating that there was a linear correlation
phils passing between the venule endotheli&letween the methods used (Figure 3). When
cells, i.e., transmigration) were obtained irthe animals were sacrificed 2 or 3 h after the
five fields along the venule, in mesentery ofnjection of LPS, the correlation coefficient
animals sacrificed 4 h after the inflammatorybetween the methods was r = 0.74 and r =
stimuli. The results are reported as the meah68, respectively (data not shown).

+ SEM of the number of neutrophils/field.
Time course of neutrophil infiltration
Statistical analysis induced by LPS into rat mesenteric tissue

The statistical significance of the differ-  Ptx (1,200 ng/rat) and Dex (0.2 mg/rat)
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injectediv 1 h before LPS (200 ng) signifi- administeredv 1 h before LPS (200 ng) or
cantly (P<0.05) reduced the mesenteric nedMLP (44 ng) significantly reduced (P<0.05)
trophil infiltration in the 2nd, 3rd and 4th hthe number of neutrophils in diapedesis
after the inflammatory stimuli (Figure 4). across the mesenteric venule wall (Figure
The peak of neutrophil infiltration in the 5A and B).

mesentery was seen at the 3rd h (Figure 4),

whereas the highest counts of neutrophil ilNeutrophils in the lumen of the mesenteric
peritoneal wash were obtained 4 h after theenule

inflammatory stimuli (data not shown).

Neutrophil diapedesis induced by LPS and
fMLP in mesenteric venules

The number of neutrophils inside the
mesenteric venules was significantly in-
creased (P<0.05) by Ptx (1,200 ng/rat) in-
jectediv 1 h before LPS (200 ng) or fMLP

Ptx (1,200 ng/rat) or Dex (0.2 mg/rat)(44 ng) challenge (Figure 6A and B). On the
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Figure 1 - Pertussis toxin (Ptx) and dexamethasone (Dex) inhibit LPS- or fMLP-induced
neutrophil migration into the rat mesentery. Ptx (1,200 ng/rat) and Dex (0.2 mg/rat) were
injected iv 1 h before the ip administration of LPS (200 ng/cavity; A and B) or fMLP (44 ng/
cavity; C and D). The rats were sacrificed 4 h after injection of the inflammatory stimuli. The
neutrophils were counted in five consecutive fields on both sides of a venule perpendicular
axis. The results are reported as the mean + SEM of the total number of neutrophils/field (A
and C) or number of neutrophils/field as a function of the distance from the venule (B and D).
Six rats were used per treatment. *P<0.05 compared to the group that received saline (S) iv
at all points. (ANOVA and Tukey test).
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other hand, Dex (0.2 mg/rat) administeied

1 h before LPS or fMLP (in the same doses)
significantly reduced (P<0.05) the number

of neutrophils inside the mesenteric venules
when compared to saline-treated rats (Figure
6A and B).

Discussion

The histopathological method presented
here proved to be useful for quantifying
leukocyte migration and the effect of anti-
inflammatory agents on this phenomenon.
Our results confirmed the inhibitory effect
of Dex (12) and Ptx (10) on neutrophil mi-
gration induced by inflammatory stimuli. Rats
treated with these agents showed a signifi-
cant reduction in the neutrophil infiltration
into inflamed mesentery induced by fMLP, a
direct chemotactic agent, and LPS, a sub-
stance that induces neutrophil recruitment
by an indirect mechanism dependent on peri-
toneal resident cells (13).

Dexamethasone reduced the neutrophil
infiltration induced by both chemotactic
stimuli. The inhibitory effect of Dex and Ptx
was particularly visible in the fields nearest
the venule (within a distance of up to 200
pm), thus demonstrating that these anti-in-
flammatory agents act preferentially on the
migration of neutrophils from the vascular
lumen into the interstitial space, rather than
on the movement of cells in response to a
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Figure 2 - Histological aspect of inflamed rat mesentery 4 h after the ip injection of LPS (200 ng/cavity) and iv pretreated (1 h earlier) with sterile saline
(Aand B), pertussis toxin (Ptx; 1,200 ng/animal; C and D) or dexamethasone (Dex; 0.2 mg/animal; E and F). The neutrophil infil trate in the Ptx- and Dex-
treated rats was clearly less intense than that observed in the saline-treated group. In Ptx-treated rats, the neutrophils were retained in the lumen of
the blood vessels. Arrows are pointing to neutrophils. Hematoxylin and eosin stain; bar = 100 pm for A, C, and E, and bar = 25 pm for B, D, and F.
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Figure 3 - The correlation be-
tween the histopathological
method and conventional leuko-
cyte counts in peritoneal exu-
date 4 h after the injection of
LPS. The straight line represents
the correlation index between
these methods (r = 0.77). The
dashed lines represent the con-
fidence interval (P<0.05).

Figure 4 - Time course of LPS-
induced neutrophil infiltration
into rat mesenteric tissue. Per-
tussis toxin (Ptx; 1,200 ng/rat) or
dexamethasone (Dex; 0.2 mg/
rat) was injected iv 1 h before
the ip administration of LPS (200
ng/cavity). The rats were sacri-
ficed 2, 3 and 4 h after injection
of the inflammatory stimuli. The
neutrophils were counted in five
consecutive fields on both sides
of a venule perpendicular axis.
The results are reported as the
mean + SEM of the total num-
ber of neutrophils/field. Six rats
were used per treatment.
*P<0.05 compared to the group
that received saline (S) iv at all
times (ANOVA and Tukey test).
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7 the space between the endothelial cells and
. the basement membrane of pericytes, and 5)
penetration of the pericyte basement mem-
£ 5 brane to reach the interstitial space. All of
‘§ 4 these steps can be triggered or modulated by
P o] chemotactic mediators, cytokines and inter-
£ actions between leukocytes and endothelial
% 27 cells through the expression of cell adhesion
2 1 molecules (14). Dexamethasone is a potent
anti-inflammatory agent with a well-known
o7 inhibitory action on neutrophil migration.
T T T T T 1 Like other glucocorticoids, Dex induces the
0 5 10 15 20 25 30  gynthesis of lipocortin that inhibits the en-
Neutrophils/field zyme phospholipase,Athereby preventing
the generation of prostaglandins, leukotri-
enes and PAF which can contribute to the
= recruitment of leukocytes to the inflamma-
®s tory site (15,16). In addition, glucocorticoids
:Eté‘x inhibit the synthesis and activity of cyto-

=
®
|

kines with chemotactic properties, including
IL-1 (17,18) and TNFa (19,20), and their
ability to induce the expression of adhesion
molecules such as E-selectin, ICAM-1 (21)
and VCAM-1 (22).

Our results show that the mesentery of
A rats pretreated with Dex had a lower number
of neutrophils within the venule. However,
this was not related to a possible neutropenic
effect of the corticoid (data not shown).
Indeed, acute treatment with corticoids causes
neutrophilia (23). Thus, we suggest that Dex
haptotactic gradient. This hypothesis is supacts at a step that precedes neutrophil arrival
ported by two observations: a) at distance® the inflamed tissue by inhibiting produc-
of 200 um from the venule, the curves fotion and/or activity of chemotactic agents
cell migration in the control and treatedreleased by stimulated resident cells. Inhibi-
groups were almost parallel, and b) the nuntion of chemotactic activity would explain
ber of neutrophils undergoing diapedesis ithe inhibitory effect of Dex on fMLP since
the mesenteric venules was significantly rethis agent acts independently on the release
duced in both Ptx- and Dex-treated rats. of other chemotactic factors from peritoneal

It has been proposed by Katori et al. (12)esident cells (24). In agreement with others
that at least five sequential steps are in25), we believe that the inhibition of neutro-
volved in the extravasation of leukocytesphil-endothelium adhesion is the main mech-
from the vascular lumen into the interstitialanism for the anti-inflammatory effect of
space following the administration of che-glucocorticoids. Such an action can explain
moattractants: 1) rolling, 2) adhesion to théhe reductions in diapedesis and neutrophil
inner surface of the venules, 3) passagefiltration observed in Dex-treated rats. On
through endothelial gaps, 4) accumulation ithe other hand, somi vivo studies have

Number of neutrophils/field
o N
| I
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Figure 5 - Pertussis toxin (Ptx)
and dexamethasone (Dex) re-
duced the number of neutrophils
in diapedesis in rat mesenteric
tissue following exposure to
LPS or fMLP. Ptx (1,200 ng/rat)
and Dex (0.2 mg/rat) were in-
jected iv 1 h before the ip ad-
ministration of LPS (200 ng/cav-
ity; A) or fMLP (44 ng/cavity; B).
The rats were sacrificed 4 h af-
ter injection of the inflammatory
stimuli. The neutrophils in dia-
pedesis were counted in five
consecutive microscopy fields
along the venule. The results are
reported as the mean + SEM of
the number of neutrophils/field.
Six rats were used per treat-
ment. *P<0.05 compared to the
group that received saline (S) iv
(ANOVA and Tukey test).

Figure 6 - Pertussis toxin (Ptx)
and dexamethasone (Dex) dif-
ferentially affect the number of
neutrophils inside the venule.
Ptx (1,200 ng/rat) and Dex (0.2
mag/rat) were injected iv 1 h be-
fore the ip administration of LPS
(200 ng/cavity; A) or fMLP (44
ng/cavity; B). The rats were sac-
rificed 4 h after injection of the
inflammatory stimuli. The neu-
trophils were counted in five
consecutive fields along the
venule. The results are reported
as the mean + SEM of the num-
ber of neutrophils in the lumen/
field. Six rats were used per
treatment. *P<0.05 compared
to the group that received sa-
line (S) iv (ANOVA and Tukey
test).

shown that Dex does not inhibit neutrophilvessels suggests that Ptx prevents neutrophil
rolling or adhesion to venular endotheliumocomotion from the vascular lumen into the
and does not inhibit neutrophil penetratiorinterstitial space. It has been demonstrated
through endothelial cell junctions (12,26). that the lectin domains of two Ptx subunits
Ptx reduced the number of cells in diashare amino acid sequence similarities with
pedesis and the neutrophil infiltration intothe lectin domains of the eukaryotic selectin
inflamed mesentery. In contrast to Dex, thdamily (27). During the inflammatory pro-
number of neutrophils in the lumen of mes<cess, selectins appear on endothelial cells
enteric venules was significantly increaseénd promote the rolling of leukocytes by
in rats pretreated with this toxin. This diver-reversible binding to carbohydrates (14).
gence indicates that Ptx and Dex act vidghus, it is possible that Ptx decreases the
different mechanisms. The retention of neuleukocyte recruitmentto the sites of inflamed
trophils in the lumen of mesenteric bloodtissue by competitively blocking common

Braz ] Med Biol Res 31(10) 1998
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leukocyte and/or endothelial selectin carbothe steps involved in leukocyte migration.
hydrate binding sites (28). We have demonSuch information may contribute to our un-
strated that theén vivo anti-inflammatory derstanding of the mechanisms underlying
effect of Ptx is dependent on its ability tothe action of different anti-inflammatory sub-
inhibit the action of Gprotein (10,29). Fur- stances. For example, using this method it
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tive G protein is involved in cellular move- different mechanisms suggesting that Ptx
ment (2) as well as in other effects triggeregrevents the locomotion of neutrophil from
by inflammatory mediators, including anthe vascular lumen into the interstitial space,
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derived metabolites, and cell degranulatiomeutrophil arrival in the inflamed tissue, prob-
(30). ably inhibiting production and/or activity of
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equate means of quantifying the inflammaeounts in peritoneal exudates, but provides a
tory and anti-inflammatory actions of sev-good alternative to intravital microscopy
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nificant (P<0.05) correlation with the moresive than the later technique, does not need
conventional approach of leukocyte countprolonged training and can be carried out
in peritoneal exudates. The two methodsising the facilities of a conventional histol-
could not be strictly compared because obgy laboratory.
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