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The response to daily topical applications of arachidonic acid
(0.25 — 4 mg/ear/day) to the ears of outbred CD-1 mice was
monitored. The first application produced erythema, extrav-
asation of plasma proteins resulting in an increase in ear
weight, and some neutrophil accumulation (detected histo-
logically and quantified by myeloperoxidase content). The
second application produced minimal edema but did cause
erythema and a greater accumulation of neutrophils. Subse-
quent daily application caused erythema, neutrophil accu-
mulation, and an increase in ear weight predominantly due to
cell proliferation (epidermis and connective tissue). Daily
applications of other unsaturated fatty acids did not match the
response induced by arachidonic acid. Mast cell deficient

mice (W /W) exhibited a smaller edema response to the first
dose of arachidonic acid compared to either their wild-type
controls or CD-1 mice. In addition, W /W" mice exhibited 3
smaller ear weight increase and myeloperoxidase accumula-
tion following eight daily doses of arachidonic acid. How-
ever, epidermal proliferation was similar in all the strains ©
mice tested. These data suggest that the edema caused by the
first topical application of arachidonic acid is partly mast cé
mediated. Mast cells also appear to be involved in the neutro-
phil infiltration induced by multiple topical applications, but
not in the epidermal proliferation. J Invest Dermatol 91:298~
302, 1988

rachidonic acid and its metabolites have been impli-

cated in the pathogenesis of a number of inflammatory

skin diseases [1-3]. This has created a need for animal

models that would permit further analysis of the path-

ologic roles of the eicosanoids. Recent reports have
demonstrated that a single topical application of high doses of ara-
chidonic acid to mouse ears induces the rapid onset of erythema,
edema, and neutrophil accumulation [4 - 7]. Products of arachidonic
acid metabolism have been implicated as mediators of these re-
sponses [4-7], and increased levels of arachidonic acid metabolites
have been found in the arachidonic acid-treated ears [6]. These
observations have resulted in the use of this model for the evaluation
of novel therapeutic agents [8,10—12], despite the abundant phar-
macologic evidence for the involvement of other mediators [8-12].
Other studies have shown that multiple topical applications of ara-
chidonic acid to guinea pig [13] or mouse [14] ears induced marked
keratinocyte proliferation. Therefore, study of the response to topi-
cal application of arachidonic acid, because it induces a number of
the important inflammatory and proliferative features of chronic
inflammatory skin diseases, could increase understanding of the
potential pathologic role of eicosanoids in skin. The present report
compares the response to a single topical application of arachidonic
acid with the response to multiple daily topical applications, in
order to lay the groundwork for future pharmacologic studies. A
significant contribution from connective tissue mast cells to the
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edema response, but not the proliferative response, has been identi-

fied.
METHODS

Male, random-bred CD-1 mice were obtained from Charles River
Breeding Laboratories (Wilmington, MA). Male WBB6F,/_]'LV./’
WY mast-cell deficient mice (W /W) and their wild-type controls,
WBBGF, /|-W/+ and WBB6JF,/]-W"/+ (W /+), were obtained
from Jackson Laboratories (Bar Harbor, Maine). Mice were fed
standard laboratory diet and tap water ad lib and were used at 25~
35 g body weight.

Fatty acids were obtained from Nu-Chek Prep (Elisian, MN),
dissolved in reagent grade acetone, and stored at —70° C until used.
The arachidonic acid used was greater than 99% pure and contained
no detectable hydroxy derivatives (<.1%). The major impurity was
asingle spot on thin layer chromatography which had an Rconsist-
ent with eicosatrienoic acid (manufacturers information). The fatty
acid solutions, or vehicle (20 ul), were applied to the dorsal surface
of the pinna of the right ear. Care was taken to distribute the agent
evenly and to minimize spreading of the solution onto the skull.
The mice were examined daily and macroscopic changes (erythema,
crusting, discoloration) in the ears noted. After the appropriate
number of daily applications, the mice were killed by cervical dislo-
cation 1 h after the last treatment, unless otherwise indicated. Discs
of 9-mm diameter were cut with a cork borer from both the right
(treated) and left (untreated) ears, weighed immediately, and the
percent increase in the weight of the treated compared to the un-
treated ear was calculated. Preliminary studies indicated that there
was no significant difference in the weights of discs from left and
right ears of untreated mice (range 15-22 mg).

For histologic evaluation, the discs from treated ears were fixed in
10% neutral buffered formalin, embedded in parafhn, and 5 u sec-
tions cut along the midline running from base to tip. Sections were
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stained with hematoxylin and eosin or toluidine blue. The thickness
of the dorsal epidermis, from the basal layer to the stratum granulo-
sum, was measured at five randomly chosen locations, with an ocu-
lar micrometer. The mean of the five values was used for statistical
analysis,

The myeloperoxidase content of the ear discs was determined in

order to assess neutrophil (PMN) infiltration [6,15,16]. Discs were
hpmogcnized (using a Polytron PT10 homogenizer at a power set-
ting of 10 for 15 sec) in 10 ml of ice-cold phosphate buffer (pH 6.0,
50 mM) containing hexadecyltrimethylammonium bromide (0.5%
W/v; Sigma Chemical Co., St. Louis, MO). The homogenates were
then centrifuged (100 X g for 10 min), the supernatants filtered
through Whatman No. 1 paper, and the myeloperoxidase activity
measured using a kinetic assay with o-diansidine dihydrochloride as
substrate [16]. In order to ensure that myeloperoxidase activity
showed a linear relationship with neutrophil numbers, the assay was
Falibrated with a homogenate of a known number of rat, casein-
induced peritoneal neutrophils. The myeloperoxidase activity of
the discs is expressed as the equivalent number of rat neutrophils.
These numbers may not accurately reflect the absolute number of
mouse neutrophils present, but they enable valid comparisons to be
made between groups within an experiment.
_ Inorder to measure plasma extravasation, the mice were injected
Lv. with 10 ml/kg ofpa 1% solution of Evans Blue (MCB, Nor-
wood, OH) immediately before application of arachidonic acid.
One hour after application of arachidonic acid, the mice were killed
gnd ear discs cut as described above. The ear discs were then digested
in 1 ml of NCS tissue solubilizer (Amersham Corp., Arlington
Heights, IL) plus 0.2 ml water at 37°C overnight. The Evans Blue
Was extracted from the digest and measured spectrophotometrically
at 620 nm as described by others [5]. The results are reported as the
absorbance of the arachidonic acid-treated ear minus that of the
untreated ear [5].

Data were analyzed by one-way analysis of variance followed by
Dunnett’s test for multiple comparisons with a control group.

RESULTS

Initigl studies confirmed previous reports [4,5,7] that a single topical
application of a large dose of arachidonic acid (4 mg) to mouse ears
caused an increase in ear weight which reached a plateauin 1 h, then
slowly declined (data not shown). Unless otherwise indicated, the
response was measured 1 h after the last application of arachidonic
acid in all subsequent studies. The increase in ear weight in response
to asingle application of arachidonic acid was dose-related over the
range of doses studied (Day 1 in Fig 1). As has been reported by
others, a second application of arachidonic acid, 24 h after the first,
produced a much smaller increase in ear weight compared to the
first application (Day 2 in Fig 1). However, further daily applica-
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Figure 1. Topical application of arachidonic acid induces increased ear
weight. Groups of five mice were killed 1 h after the last once-daily applica-
tion of either vehicle (#), 4 mg (@), 1 mg (M), or 0.25 mg (A) of arachidonic
acid per ear for 1, 2, 3, 5, or 8 d. Means + S.E.M. are shown.
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tions resulted in a gradual increase in ear weight which reached a
plateau after 5 d. Multiple doses of 4 mg/ear produced the largest
increase in ear weight. The responses to multiple applications of 1
and 0.25 mg/ear were not significantly different from each other
(analysis of variance and Dunnets multiple comparison test), al-
though they were significantly greater than the response to the
vehicle (acetone) (Fig 1).

Marked erythema was noted with all doses of arachidonic acid
throughout the 8 d of treatment. The erythema developed within
15 min of the first application and persisted during the 24-h period
between applications. The intensity of the erythema response fol-
lowing the second application was not diminished compared to that
following the first application, even though the weight increase was
greatly reduced following the second application (Fig 1). After the
fifth application of 4 mg, the ears exhibited a visible increase in
thickness. Crusting of the dorsal surface was also seen by Day 5.
These changes were not seen with the lower doses. The edges of the
cars treated with 4 mg of arachidonic acid acquired a ragged appear-
ance by this time. The mice were obviously distressed by the appli-
cation of the highest dose because they groomed the treated ear
vigorously. This vigorous grooming may have been responsible for
some of the small areas of hemorrhage (scratches?) observed after
five or more applications.

Examination of the hematoxylin and eosin stained sections re-
vealed extensive edema in the dermis following the first dose of
arachidonic acid (Fig 2B). This phenomenon was less marked on
subsequent days. From Day 5 onwards, however, the dermis was
increased in thickness due to the presence of increased amounts of
connective tissue (Fig 2C). A marked increase in the thickness of the
epidermis was noted after three applications of 4-mg arachidonic
acid per ear (Fig 3), and this response reached a plateau after five
applications (Figs 2C and 3). After five or more applications of the
high dose of arachidonic acid, the basal layer of the epidermis had
developed marked undulations and resembled human rete ridges
(Fig 2C).

Small numbers of perivascular neutrophils were noted after the
first dose of arachidonic acid, although this is not clearly illustrated
in Fig 2B. Following the second administration, a few neutrophils
could be seen throughout the dermis. From Day 5 onward, neutro-
phils were also seen in large accumulations between layers of kera-
tinocytes and in the dermis (Fig 2C). The MPO content of the ear
discs, representing the total number of neutrophils, confirmed the
histologic evaluation (Fig 4). Untreated ears had very low levels of
MPO, but 1 h after the first application of 4 mg/ear arachidonic
acid, a fourfold increase was observed. The second application of 4
mg/ear produced a further slight increase, whereas five doses re-
sulted in a 27-fold increase compared to untreated ears. Applications
of acetone did not induce histologically detectable neutrophil infil-
tration (not shown) and neither one (Fig 4) nor five applications
(not shown) increased MPO content.

Toluidine blue stained sections showed marked mast-cell disrup-
tion in arachidonic acid treated ears. This disruption appeared to be
dose-related and was present throughout the eight days studied.
However, it proved impossible to establish an objective scoring
system to enable mast-cell disruption to be quantified histologically.

Evans blue accumulation in the ear, an indication of increased
capillary permeability and extravasation of plasma into tissues, was
very marked after a single dose of arachidonic acid (Fig 5), but was
much reduced after the second application (data not shown), as
reported by others [5]. After eight daily applications of 4 mg arachi-
donic acid, plasma extravasation was still reduced compared to the
first dose, despite the greater increase in ear weight (Fig 5). These
data confirm the histologic impression that the increase in ear
weight following the first application of arachidonic acid is mainly
due to edema, while the weight increase observed following multi-
ple doses of arachidonic acid cannot be entirely attributed to plasma
extravasation. Proliferation of dermis and epidermis presumably
contribute significantly to the weight increase at this time. The
weight increase observed 24 h after the last of four applications of 4
mg arachidonic acid per ear was similar in magnitude to that ob-
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Figure 2. Histologic changes in arachidonic acid treated ears. H & E stained
sections of ears treated with A: one dose of vehicle; B: 1 dose of 4 mg
arachidonic acid; C: 8 once-daily doses of 4 mg arachidonic acid. Note the
dermal edema in section B (*), marked epidermal hyperplasia, and a crust in
section C. Arrows indicate neutrophils. Bars = 100 p.
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Figure 3. Topical application of arachidonic acid induces increased epider-
mal thickness. Groups of five mice were killed 1 h after the last once- ly
application of either vehicle (#), 4 mg (@), 1 mg (M), or 0.25 mg () of
arachidonic acid per ear for 1, 2, 3, 5, or 8 d. Means * S.E.M. are shown.

served 1 h after the fifth daily dose (data not shown), indicating that
the response to multiple applications persists for at least 24 h, 1
contrast to the disappearance of the edematous response to the furst
application [4,5] (Fig 1). )
In mast-cell deficient W /W mice [17], the ear weight increase 11
response to the first dose of arachidonic acid was much reduce
compared to the wild-type controls (W /+) and CD-1 strain mic¢
(Fig 6). In addition, eight daily doses induced a smaller weight
increase and neutrophil accumulation (measured as MPO) com-
pared to the mast-cell sufficient strains (Fig 6); however, no signifi-
cant differences in epidermal thickness were observed (Fig 6).
Several other fatty acids were compared with arachidonic aci
following single or multiple applications of 4 mg/ear to CD-1
strain mice (Fig 7). Arachidonic acid produced the largest weight
increase following one or five applications. The magnitude of the
weight increase induced by the other fatty acids decreased approxi-
mately as the number of double bonds decreased. Arachidonic acid
produced the greatest erythema throughout the study, while diho-
mogamma linoleic acid produced a lesser degree. The other fatty
acids produced only slight and intermittent erythema. Only arachi-
donic acid induced scaling, thickening, and yellow discoloration.

DISCUSSION

The present data, when considered with data from other studies
[4,5,7], indicate that the response to daily topical applications ©
arachidonic acid to the ears oanormal mice can be divided into three
phases: 1) the first application induces a rapid, but transient, edema
accompanied by erythema and accumulation of neutrophils; 2) the
second application produces a smaller edema response, although
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Figure 4. Topical application of arachidonic acid induces neutrophil accu-
mulation. The neutrophil content of ears was measured, as myeloperoxidase
accumulation, in groups of at least five mice following 0, 1, 2, and 5 once-
daily topical applications of 4 mg arachidonic acid. Means + S.E.M. are
shown.
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Figure 5. Comparison of arachidonic acid induced edema (Evans Blue
accumulation) and ear weight increase. Groups of at least five mice were
injected i.v. with Evans Blue immediately prior to the last of either one or
cight applications of either vehicle (acetone) or 4 mg arachidonic acid. One
hour later the mice were killed and Evans Blue accumulation (A) and ear
weight increase (B) were measured. Means - S.E.M. are shown.
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Figure 6. The response to topical application of arachidonic acid in normal
(CD1, W/+) and mast cell deficient (W /W*) mice. Groups of at least five
mice were treated with 4 mg arachidonic acid/ear for 1 (4) or 8 (B,C,D)
daily doses. One hour after the last dose ear weight increase (4,B), neutro-
phil accumulation (C) and epidermal thickness (D) were measured.
Means + S.E.M. are shown. asterisk: p < .05 compared with W /W by anal-
ysis of variance and Dunnets multiple comparison test.
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Figure 7. Effects of once-daily applications of different fatty acids on ear
weights. Groups of at least five mice were treated with vehicle or one of the
fatty acids (4 mg/ear/day) for one or eight once-daily doses. Means +
S.E.M. are shown.
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erythema persists and neutrophil accumulation increases; 3) further
daily applications maintain the erythema and reduced edema but
also induce extensive neutrophil infiltration of both epidermis and
dermis, accompanied by proliferation of keratinocytes and dermal
connective tissue. Neutrophil accumulation and proliferative
changes begin with the first application [5,6], but only after 3 or 4
applications do they dominate the response [14]..

The relative specificity among fatty acids for inducing this reac-
tion does suggest that the response is not due to non-specific irrita-
tion or a membrane effect induced by common physicochemical
properties of fatty acids, although the response is similar to that
elicited by some irritants [18]. It is possible that the correlation with
the degree of unsaturation is due to the propensity of polyunsatu-
rated fatty acids to form pro-inflammatory products via non-enzy-
matic air oxidation [10,19].

Nguyen et al [20] have reported results apparently at variance
with those described here. When palmitic, linoleic, linolenic, ara-
chidonic, or 5,8,11-eicosatrienoic (ETA) acids were applied to the
dorsal skin of hairless mice (approximately 3 mg/day tor 4 d), only
ETA produced keratinocyte proliferation and neutrophil infiltra-
tion. The absence of a response to arachidonic acid could be ex-
plained by the numerous methodological differences between the
studies; however, it does suggest that ETA, which can be metabo-
lized to leukotrienes [21], although it inhibits prostaglandin synthe-
sis [22], is more potent than arachidonic acid in inducing neutrophil
infiltration and keratinocyte proliferation.

There is a wealth of pharmacologic and biochemical data impli-
cating specific metabolities of arachidonic acid in this response.
Prostaglandin E, (PGE,) may be the major mediator of erythema
[4-6,23] and leukotrienes may be involved in the edema response
[4-6.,8,23,24]. Of the other fatty acids examined, only dihomo-
gamma linolenic acid is the precursor of a prostaglandin (PGE,)
(25,26] and leukotriene-like compounds [27], perhaps explaining its
relative efficacy in inducing erythema and edema. Leukotriene B,
has been found in arachidonic acid treated ears [6,9,23,24] and has
both chemotactic activity for neutrophils [28] and mitogenic activ-
ity for keratinocytes [29], thus qualifying it as a potential mediator
of these components of the response.

Despite the evidence, summarized above, implicating cyclooxy-
genase and 5-lipoxygenase products of arachidonic acid, there is a
large quantity of pharmacologic data that do not fit easily into this
hypothesis. An enormous range of diverse pharmacologic agents,
when applied topically, will inhibit the edema response to the first
application of arachidonic acid [4 - 6,8 - 12]. These data are hard to
interpret because topical application produces extremely high local
concentrations of the applied material. Therefore, these pharmaco-
logic agents may exert effects at high concentrations that are not
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seen at their usual systemic therapeutic doses. Nonetheless, the efh-
cacy of histamine and serotonin antagonists does implicate the re-
lease of mast cell amines, consistent with the reduced edema re-
sponse seen here in mast-cell deficient mice. There is evidence that
hydroperoxides or endoperoxides produced during the metabolism
of arachidonic acid can induce the release of histamine from mast
cells [30]. Therefore, it seems likely that the complex response to
topical arachidonic acid is due to interaction of multiple mediators
derived either directly from the applied arachidonic acid or from
other cells stimulated by arachidonic acid metabolites. A recent
report suggests that interleukin 1 may also play a role in these
phenomena [31].

The data presented here provide greater understanding of the
previously reported responses to topical application of arachidonic
acid. Although the proliferative parameters described suggest addi-
tional roles for arachidonic metabolites in the pathology of skin
[1,2], because mast cells are shown here to mediate a component of
the response, care must be taken in attributing responses to the
direct effect of arachidonic acid metabolites.
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