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ABSTRACT

The migration of equine eosinophils
under agarose in response to inflam-
matory mediators, an arthropod
extract and a synthetic peptide was
examined. A chemotactic index (CI)
was calculated by determining the
ratio of the distance of eosinophil
migration towards the chemoattrac-
tant to the distance migrated towards
a buffer. Differences between the CI of
those eosinophils exposed to chemoat-
tractants and those exposed only to
buffer were assessed by an analysis of
variance. All agents except leuko-
triene C4 and the buffer induced
statistically significant directional
migration of eosinophils. Leukotriene
B4 (LTB4) was the most effective
chemotaxin for equine eosinophils.
Migration of eosinophils stimulated
by 10-9M LTB4 exceeded that induced
by concentrations of histamine six
orders of magnitude greater. The
response of equine eosinophils to
inflammatory mediators was similar
to the reported behavior of human
eosinophils. The ability of tabanid
extract to attract equine oesinophils
suggests that arthropod induced tissue
eosinophilia many not depend entirely
upon immunological mechanisms.
The peptide, N-formyl-methionyl-
leucyl-phenylalanine attracted equine
eosinophils at 10-4M and 10-3M,
concentrations that exceed those
reported to be stimulatory for eosino-
phils of other species. The results of

this study indicate that equine eosino-
phils are capable of migrating towards
diverse stimuli, of which LTB4 was the
most effective. It is plausible that
LTB4 figures prominently in equine
inflammation, particularly in lesions
dominated by eosinophils.

RESUME

Nous avons etudie la migration sur
agarose d'eosinophiles equins en
reponse a des mediateurs de l'inflam-
mation, d'un extrait d'arthropode et
d'un peptide synthetique. Un indice
chemotactique (IC) a ete calcule en
etablissant le rapport entre la distance
migree par les eosinophiles vers le
chemo-attractant et la distance
migree vers un tampon. Les differen-
ces entre les IC des eosinophiles
exposes aux chemo-attractants et
ceux exposes uniquement au tampon
ont ete evaluees au moyen d'une
analyse de variance. Tous les agents
sauf le leucotriene C4 et le tampon ont
induit une migration directionnelle
statistiquement significative des
eosinophiles. Le leucotriene B4
(LTB4) etait le chemo-facteur le plus
efficace pour attirer les eosinophiles
equins. La migration des eosinophiles
stimulee par le LTB4 (10-9 M)
depaissait celle induite par des
concentrations dhistamine six fois
plus elevees. La reponse aux media-
teurs de l'inflammation etait similaire
a celle rapportee pour les eosinophiles

humains. La capacite d'extraits de
tabamid a attirer les eosinophiles
equins suggere que l'eosinophilie
tissulaire induite par les arthropodes
ne dependrait pas entierement de
mecanismes immunologiques. Le
peptide, N-formyl-methionyle-leu-
cyle-phenylalanine attire des eosino-
philes equins a des concentrations 1O-4
M et 10-3 M, concentrations depas-
sant celles rapportees etre stimula-
toires pour les eosinophiles d'autres
especes. Les resultats de cette etude
indiquent que les eosinophiles equins
sont capables de repondre a divers
stimuli en particulier le LTB4. Ce
dernier pourrait etre un facteur im-
portant dans les processus inflamma-
toire chez le cheval et en particulier
dans les lesions dominees par les
eosinophiles. (Traduit par Dr. Bernard
Delorme).

INTRODUCTION

The presence of eosinophils in
inflammatory lesions, especially those
of the skin, is frequently ascribed to
type I hypersensitivity reactions or a
response to parasites (1). Although
these assumptions are valid in many
instances, they may not be applicable
to all eosinophil infiltrates (2).
Eosinophils are recruited to and
retained in inflammatory foci by a
host of endogenous mediators which
are generated by both immunological
and nonimmunological mechanisms
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(2). Examination of eosinophil migra-
tion in vitro has established that
autacoids such as the eosinophil
chemotactic factor of anaphylaxis,
and certain lymphokines attract
eosinophils exclusively (2) whereas 12-
mono-hydroxy-eicosatetranoic acid
(12-HETE) (3) supposedly attracts
eosinophils preferentially over other
cells. The complement fragment,
C5adesArg attracts eosinophils and
neutrophils equally (4).

Acquisition of sufficiently large
numbers of eosinophils for study has
necessitated the experimental induc-
tion of eosinophilia in laboratory
animals or obtaining cells from people
with preexistent eosinophilia. The
responsiveness and capabilities of
such cells may not be representative of
eosinophils in an unstimulated state
(5). The equine eosinophil has gained
attention because of the ease with
which a large, relatively pure popula-
tion of cells can be isolated from the
peripheral blood of normal animals
(6). Cells from such collections possess
phagocytic (7), bactericidal (8) and
cytotoxic capabilities (9). Leuko-
trienes which are produced (6) and
metabolized (10) by equine eosino-
phils also induce the chemotaxis of
these cells (11). Species differences
exist among the relative chemotactic
activities of the mono-HETEs and
leukotrienes (1 1).

Similarly, there is an apparent
disparity between the chemotactic
behaviour of eosinophils from other
species in vitro and our current
understanding of the biology of equine
inflammation. In an in vivo study we
found that leukotriene B4 induced a
substantial eosinophilic and neutro-
philic infiltrate (12) which contrasts
with the predominant neutrophilic
accumulation reported to occur
following intradermal injection of
leukotriene B4 in laboratory animals
and people (2, 13-16). Additionally,
the crude form of CSadesArg (zymosan
activated serum) does not recruit
eosinophils when injected into the skin
of horses (12), unlike the purported
eosinophil chemotactic ability of
C5adesArg in vitro (4).
The purpose of this study was to

further characterize the migration of
equine eosinophils to a variety of
inflammatory mediators and phlogis-

differences could account for the
observed idiosyncrasies of the equine
inflammatory response.

MATERIALS AND METHODS

ISOLATION OF EQUINE EOSINOPHILS

Eosinophils were isolated from five
clinically healthy horses according to
the method of Bertram and Coignoul
(17), with modifications. A total of 600
mL of whole blood obtained by
jugular venipuncture, was drawn into
heparinized syringes and transferred
to large sterile test tubes. The
following isolation procedures were
performed at 40C. After sedimenta-
tion for 45 min, the plasma, buffy coat
and top 4 mL of red blood cells (RBC)
was aspirated, then centrifuged at
1500g for 5 min. The plasma was
decanted and the RBCs were lysed by
the addition of cold sterile double
distilled water. Osmolality was res-
tored by the addition of 5.4% sterile
saline. The remaining leukocytes were
centrifuged at 1500 g for 5 min and
were washed twice with Hanks'
balanced salt solution free of calcium
and magnesium (HBSS-free, Grand
Island Biological Company, Grand
Island, New York). The cells were
layered on to a mixture of
Ficoll:Hypaque (Ficoll 400, Pharma-
cia Fine Chemicals, Piscataway, New
Jersey; Hypaque sodium, Winthrop
Laboratories, New York, New York)
of specific gravity 1.085 and centrif-
uged at 470 g for 30 min. The
granulocyte pellet was washed twice in
HBSS-free, layered on to Ficoll:
Hypaque (specific gravity 1.135) and
centrifuged at 300 g for 20 min.
Neutrophils formed a band in the
middle of the test tube and the
eosinophils formed a pellet at the
bottom. The eosinophils were washed
twice in H199 (Grand Island Biologi-
cal Co., Grand Island, New York)
supplemented with 1% equine serum
albumin (ESA, Sigma Chemical
Company, St. Louis, Missouri). A
purity of at least 80-90% eosinophils of
95% viability as measured by trypan
blue exclusion was obtained. An
average of 8.3% of peripheral eosino-
phils were recovered using this
method. The eosinophils were
adjusted to a final concentration of

tins in order to determine if species

CHEMOATFRACTANTS

To ensure sterility, all chemoattrac-
tants except the leukotrienes were
passed through a 0.2 ,um sterile filter
(Gelman Science, Montreal, Quebec).
Leukotrienes B4 and C4 (LTB4, LTC4)
were kindly provided by Dr. J.D.
Rokach, Merck-Frosst Canada, Inc.,
Montreal. Zymosan activated serum
(ZAS) was made by adding 25 mg of
washed zymosan (Zymosan A, Sigma
Chemical Company, St. Louis, Mis-
souri) to each mL of fresh equine
serum. This mixture was placed in a
shaking water bath (37°C, 120
oscillation/min) for 60 min. The
mixtures were centrifuged at 1500g
for 20 min and the ZAS was aspirated
by sterile Pasteur pipette. N-formyl-
methionyl-leucyl-pnenylalanine (N-
FMLP, Sigma Chemical Company,
St. Louis, Missouri), histamine
diphosphate (Sigma Chemical Com-
pany, St. Louis, Missouri) and
tabanid extract (Horsefly extract,
Hollister-Steir, Rexdale, Ontario)
were diluted with H199-1%ESA to
achieve the appropriate concentra-
tions. Histamine diphosphate and N-
FMLP were adjusted to physiological
pH.

CHEMOTAXIS ASSAY

A modified version of the agarose
plate method (18) was used to assess
eosinophil migration. A mixture of2%
washed agarose (Type I agarose,
Sigma Chemical Company, St. Louis,
Missouri) in sterile distilled water was
boiled for 15 min and allowed to cool
to 48°C. An equal volume of pre-
warmed 2xHBSS and 6 mL of pooled,
heat inactivated equine serum (560 C
for 30 min) were added to the agar.
Seven mL of this suspension were
dispensed into round 60 x 15 mm
sterile tissue culture plates. After the
agarose solidified, the plates were
inverted and refrigerated overnight to
allow the agar to harden. Four rows of
three wells, 2.5 mm diameter, spaced
2 mm apart were cut in the agar using
a plexiglass template and stainless
steel punch. The agarose plugs were
removed by suction.
Ten ,uL of the chemoattractant,

H199-1%ESA and eosinophils were
placed in the outer, inner and middle
agar wells respectively. Each plate
contained four replicates of one
chemoattractant; up to three plates5 x 107/mL in H199-1%ESA.



were used for some chemoattractants.
At least one plate containing buffer in
both inner and outer wells was used to
measure random eosinophil migra-
tion, which functioned as a negative
control. Experiments were repeated
on separate days.

Plates were incubated at 370C in an
atmosphere of 5% Co2 in air at 100%
humidity for 3 h for all chemoattrac-
tants. The inflammatory mediators
ZAS, histamine and LTB4 were also
incubated for 1.5 h. The agar was
fixed by flooding with a 1:1 formalde-
hyde:methanol mixture for 30 min.
The agar was then gently removed
from the plate. The plates were
flooded with Giemsa stain for 20 min
and then rinsed with distilled water.
The distance of cell migration

towards the chemoattractant or buffer
was measured with an ocular
micrometer and a 1 mm2 grid, partiti-
oned into 100 equal squares. The
leading front of the migrating cells
(19), defined as two cells lying in a
equal plane within 40 ,m of each other
was used to determine the distance the
cell population had migrated. A
chemotactic index (CI) was deter-
mined by the ratio of the distance
migrated towards the chemoattractant
to the distance migrated towards the
buffer.

TABLE I. Migration of equine eosinophils under agarose at three hours incubation in response to
the negative control buffer H199-1%ESA, ZAS, N-FMLP, histamine, tabanid extract and
leukotrienes B4 and C4

Agent Concentraion Chemotactic indexa

H199-1%ESA NA 0.97 0.15

ZASb NA 2.56 ± 0.33*

Leukotriene B4 3.0 x 10-5 M 1.32 ± 0.17NS
1.5 x 10-5 M 2.36 ± 0.2**
6.0 x 10-6 M 4.04 ± 0.93**
3.0 x 10-6 M 3.82 0.84**
3.0 x 10-7 M 3.78 ± 0.73**
3.0x 10-9M 3.64±0.89**

Leukotriene C4 4.0 x 10-5 M 1.29 ± 0.17NS
2.0 x 10-5 M 1.42 ± 0.15NS
4.0 x 10-6 M 1.21 0.18NS

Histamine 10-3 M 3.01 ± 0.51**
10-4 M 2.70 ±0.36**
10-5 M 2.70 0.39**
0-6M 2.41 0.37**
10-7 M 1.10 +0.18NS

N-FMLPc 10-2 M 0.95 ± 0.1 INS
10-3 M 3.18 0.75**
10-4 M 2.00 0.27**
10-5 M 0.87 0.30NS
10-6M 1.00 0.04NS

Tabanid extract 1000 PNU mL 2.38 ± 0.31**
100 PNU mL 2.10 ± 0.23*
10 PNU mL 0.90 ± 0.33NS

1 PNU mL 0.90 ± 0.33NS

aValues are expressed as mean chemotactic index ± SEM
bZymosan activated serum
cN-formyl-methionyl-leucyl-phenylalanine
*Migration as compared to negative control at a significance of p < 0.05
**Migration as compared to negative control at a significance of p < 0.01
NS = No significant difference between negative control and chemoattractant
NA = Not applicable as agents were not diluted

STATISTICS

A residual analysis (20) was first
performed to ensure that the data
obtained for each chemoattractant
conformed to a normal distribution. A
two-way analysis of variance, ran-
domized complete block design (20)
was used to assess differences between
the CI of those eosinophils exposed to
chemoattractants and those exposed
only to buffer. Migration, in this
study, was defined as a significant
difference (p<0.05 or p<0.01)
between the CI of the chemoattractant
and the negative control. Tabulated
values represent the mean CI ± the
standard error of the mean.

RESULTS

Most of the agents tested except for
the negative control buffer and LTC4
stimulated the migration of equine
eosinophils, but their efficacy was time
and concentration dependent (Tables

I and II). The chemotactic indicies of
the negative controls for both incuba-
tion periods approximated 1.00
(Tables I and II).

Leukotriene B4 was the most potent
chemotaxin for equine eosinophils at
both incubation times (Tables I and
II). At 3 h incubation, even the lowest

TABLE II. Migration of equine eosinophils under agarose at 1.5 hours incubation in response to
the negative control buffer H199-1%ESA, histamine and leukotrienes B4 and C4

Agent Concentraion Chemotactic indexa

H199-1%ESA NA 1.01 ±0.18

ZASb NA 2.30 ± 0.27*

Leukotriene B4 3.0 x 106 M 1.08 ± 0.20NS
3.0 x 10-7 M 4.54 1.15**
3.0 x 10-9 M 4.30 ± 1.03**

Leukotriene C4 4.0 x 10-5 M 1.29 ± 0.17NS
2.0 x l0-5 M 1.42 0.15NS
4.0 x 10 M 1.21 ±0.18NS

Histamine 10-3 M 1.25 ± 0.02NS
10-5 M 1.42 0.24NS
10-6 M 2.30 ±0.30**
10-7 M 1.63 ±0.44NS

aValues are expressed as mean chemotactic index ± SEM
bZymosan activated serum
*Chemotaxis as compared to negative control at a significance of p < 0.05
**Chemotaxis as compared to negative control at a significance of p < 0.01
NS = No significant difference between negative control and chemoattractant
NA Not applicable as agents were not diluted
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concentration of LTB4, 3 x 10-9 M
exerted a greater effect on migration
than 10-3 M histamine. At 1.5 h, the
response of eosinophils to LTB4
demonstrated maximal activity at 3 x
10-7 M with inhibition of migration at
3 x 10- M. The optimal activity of
LTB4 at 3 h was expressed at the
higher concentration of 6 x 10- M
with evidence of deactivation at 3 x
10-3 M.
Eosinophil migration to histamine

was stimulated only at 10- M. At 3 h,
the response of equine eosinophils
from 10- M to 10-3 M histamine was
linear, with maximal migration at the
highest concentration.
The synthetic peptide N-FMLP and

tabanid extract were assessed only at
the 3 h incubation period (Table I). N-
FMLP stimulated eosinophil migra-
tion over a narrow concentration
range, from 10- M to peak activity at
10-3 M. Exposure of eosinophils to
concentrations of N-FMLP higher
and lower than these failed to induce
migration. Tabanid extracts stimu-
lated migration at concentrations of
100 and 1000 protein nitrogen units
(PNU/mL) (Table I).

DISCUSSION

The result of this study indicate that
equine eosinophils are capable of
migrating towards diverse chemotac-
tic stimuli and that for some agents,
the response is dose and time
dependent.

Leukotriene B4 was the most
effective chemoattractant examined.
The chemotactic activity of equine
eosinophils exposed to the lowest
concentration of LTB4 assayed,
surpassed the maximal response
induced by much higher concentra-
tions of histamine, N-FMLP and
ZAS. Optimal chemotactic activity of
LTB4 was obtained at 1.5 h incubation
at concentrations between 10-7 and 10-
9 M. These are equivalent or slightly
lower than peak stimulatory concen-
trations of LTB4 required for the
migration of equine eosinophils in
Boyden chambers (1) or for human
eosinophils under agarose (21).
Although the dose-response to

LTB4 was altered with time, the
optimal chemotactic concentrations
during both incubation periods were

in the 10-6 M to 10-9M range. These are
tenable biological concentrations as
they approximate the nanogram
quantities of LTB4 recovered from
carrageenan-induced inflammatory
exudate in rats and horses (22,23).
Additionally, 10-7 M LTB4 induced a
significant eosinophil dermal infiltrate
in an in vivo study of equine inflam-
mation (12).

Histamine similarly recruits equine
eosinophils in vivo (24) and induces
their migration in vitro. In people,
however, histamine is a controversial
chemotaxin (25-28). It is selectively
chemotactic for human eosinophils at
10-6 M to 10-7 M but inhibits chemo-
taxis at higher concentrations (27,28).
However, by increasing the incubation
period, a linear dose response curve is
produced with maximal activity at 10-3
M (28). These changes in the dose-
response relationship of human
eosinophils to histamine are analo-
gous to the response of equine
eosinophils that we observed. Inter-
pretation of results from chemotactic
studies must therefore consider the
effect of time on leukocyte responses.

In this study, equine eosinophil
migration in response to LTB4 and
histamine was considerably influenced
by time. Concentrations of LTB4 and
histamine that failed to induce
migration at 1.5 h, attracted eosino-
phils at 3 h incubation, suggesting that
eosinophils are a heterogenous popu-
lation. The concept of functional
aberrations due to population hete-
rogeneity was invoked for the variable
manner that human eosinophils
respond to histamine (27). Two
distinct eosinophil subpopulations
have been identified in horses (29) and
other species (5). Perhaps the affinity
of receptors for specific chemotaxins
also varies with cell density. If
subpopulations of equine eosinophils
differed with respect to chemotactic
receptor density, those with a greater
number of high affinity receptors may
undergo receptor down-regulation
first and subsequently exhibit deacti-
vation of the chemotactic response at
an earlier stage, as occurred in this
study. Initial and selective down-
regulation of a high affinity LTB4-
receptor on human neutrophils has
been documented (30).
As with LTB4 and histamine,

tabanid extract attracted eosinophils

both in vivo (12) and in vitro. The
results of this study demonstrate that
tabanid extract can also function as a
primary chemotaxin for equine eosi-
nophils. This activity is comparable to
eosinophil chemotactic factors
extracted from metazoan parasites
(31,32). Although further investiga-
tion is needed, it is possible that
arthropod induced eosinophilia may
not entirely depend upon immunolog-
ical mechanisms.

Unlike the preceeding agents, ZAS
did not elicit a significant response in
vivo (12) even though it induced the
migration of equine eosinophils in
vitro. Zymosan activated serum is
chemotactically active for equine
neutrophils both in vivo (15) and in
vitro (33-35). Therefore, C0adesArg, the
putative, major constituent of equine
ZAS (36) is a plausible inflammatory
mediator in the horse. The ability for
C5adesArg to effectively recruit human
(4) and equine eosinophils in vitro is
not reflected following its intradermal
injection in either species (12,37).
Reasons for this are obscure, but do
illustrate the disparity that sometimes
arises when attempting to extrapolate
results of in vitro studies to complex
physiological systems. The effects of
zymosan activated serum, i.e.
CSadesArg on equine eosinophils and its
role in equine inflammation requires
further investigation.
The biological significance of the

formyl peptides on equine eosinophil
migration also requires further clarifi-
cation. The high concentrations of N-
FMLP required to elicit the chemo-
taxis of equine eosinophils or neutro-
phils (33,38) contrasts with the
nanomolar concentrations that induce
granulocyte chemotaxis in other
species (39,40). The effects of N-
FMLP on equine leukocyte migration
remain controversial and merit further
examination as some groups do not
recognize the chemotactic capabilities
of the formyl peptides for equine
granulocytes (34,35). The role of N-
FMLP in equine inflammation in vivo
is currently under investigation.

In summary, the results of this study
indicate that equine eosinophils are
attracted to a wide variety of chemoat-
tractants. Overall, LTB4 was the most
potent chemoattractant tested. Leu-
kotrienes are produced by equine
neutrophils and eosinophils (6) and
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have been recovered from equine
inflammatory exudate (23). The
results of this study and the findings of
our investigation of equine inflamma-
tion in vivo (12) indicate that LTB4
figures prominently in mediating
equine inflammation. The relative
biological importance of LTB4 to
other proposed mediators of equine
inflammation, such as platelet activat-
ing factor (41,42), awaits further
investigation.
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