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An urticarial dermatosis after contact with the urticating
hairs of the adult female Hylesia moth may occur by several
mechanisms including the intradermal injection of inflam-
matory mediators through the urticating hairs. Extracts
were prepared from whole moths, urticating hairs, and
other moth parts. Each of these extracts was subjected to
a radioenzyme assay for histamine. Histamine was present
in extracts made from whole moths and from urticating
hairs. Extracts made from other moth parts contained no
histamine. Cutancous wheals occurred after intradermal
injections of histamine and various concentrations of Hy-

lesia extract (HE) into the backs of cynomolgus monkeys.
This whealing response was suppressed by pretreatment of
the animals with diphenhydramine hydrochloride, but not
by pretreatment with indomethacin. Histologic examina-
tions showed a perivascular lymphocytic infiltrate around
dilated capillaries without evidence of mast cell degranu-
lation in HE-injected sites but not in controls. These find-
ings provide evidence that histamine may be the mediator
responsible for the urticarial lesions seen after contact with
Hylesia moths. ] Invest Dermatol 88:691-693, 1987

ermatitis occurring after contact with urticating hairs

of the adult female Hylesia moth has been well doc-

umented [1-3]. The eruption is pruritic, occurs on

exposed surfaces, and is commonly urticarial. The

condition is generally unresponsive to various top-
ical and systemic medications; however, spontancous resolution
occurs in about one week, provided contact with moths or moth
parts is discontinued.

Several mechanisms for the production of the dermatitis have
been proposed and include intracutancous injection of toxic sub-
stance(s) through the hollow urticating hairs, direct irritant effect
of the hairs, and hypersensitivity to insect antigen(s) [1,3]. More
than one mechanism may be involved.

Dermatitis produced by Hylesia moths is frequent in Latin
America but rarc in the United States. We recently had the op-
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portunity to examine crew members from an oil tanker that was
infested by swarms of Hylesia moths at the port of Caripito,
Venezuela [1]. The presence of a predominantly urticarial eruption
in most of the crew suggested the possible role of histamine as a
toxic substance contained in the urticating hairs.

Methods for identifying and characterizing mediators of cu-
tancous inflammation have been described [4—6]. The present
study examines the actions of extracts of Hylesia moths in monkey
skin over a wide dose range in the presence and absence of an
H,-receptor antagonist, diphenhydramine hydrochloride, and the
cyclooxygenase inhibitor, indomethacin, to indirectly assess the
presence of mediator activity. Using a radioenzyme assay, we
examined extracts of whole moths, wings and legs, and urticating
hairs for the presence of histamine.

MATERIALS AND METHODS

Subjects Indirect mediator studies employed healthy adult cy-
nomolgus monkeys (Macaca fascicularis).

Intracutaneous Injections After sedation with i.m. ketamine
hydrochloride (Ketalar®) at a dose of 15 mg/kg, the backs of 4
monkeys were shaved, washed with isopropyl alcohol, and then
injected intradermally using a 30-gauge needle with 50 ul of di-
lutions of Hylesia extract (HE), phosphate-buftered saline, pH 7.6
(PBS), histamine, and buffer consisting of 1.0 M sodium chloride
and 25% ecthylene glycol (EG-NaCl). Injections were carried out
at 2.5-min intervals in a double-blind random fashion according
to our published method [5,6]. Two perpendicular diameters of
the wheal, including the longest axis and ignoring small pseu-
dopodia, were measured between 5 and 7 min, when the wheal
was fully developed. The size of the wheal was given as the mean
of the maximal diameters. Wheals measuring less than 7.5 mm
median diameter were not considered a response, as this was the

0022-202X/87/$03.50 Copyright © 1987 by The Society for Investigative Dermatology, Inc.

691



692 DINEHART ET AL

mean diameter of the injection bleb. The ambient temperature
was 22-24°C. Evidence for delayed hypersensitivity at the sites
of cutancous injection was assessed at 48 and 96 h.
Pharmacologic Treatment Bascline dose response curves of
wheal response were obtained after injections as described above
on day 1. All 4 monkeys received 3.0 mg/kg of the Hj-receptor
blocker diphenhydramine hydrochloride i.m. the morning of the
experiment on day 3. Four hours later, another 1.5 mg/kg i.m.
dose was given. The experiment began 2 h after the second dose
and lasted 45 min to 1 h. All 4 monkeys received 4.0 mg/kg of
indomethacin orally the morning of the experiment on day 5.
Four hours later, another 4.0 mg/kg oral dose was given. The
experiment began 2 h after the second dose and lasted 45 min to
1 h. Dosages of diphenhydramine hydrochloride and indometh-
acin were given in accordance with guidelines for nonhuman
primates.

Solutions  Appropriate dilutions of injected substances were
made up freshly and sterilized by an acrylic copolymer membrane
filter 0.20 wm (Gelman Acrodisc® no. 4192, Gelman Scientific,
Ann Arbor, Michigan). In each experiment, response to HE di-
luted 1:1, 1:2, 1:4, and 1:16 with PBS was assessed. The response
to 0.05 mg histamine/50 ul was a positive control. The responses
to 50 ul of PBS and EG-NaCl were negative controls. All so-
lutions were measured at pH 7.5-7.6.

The HE had been prepared as follows: the bodies of each of
10 adult moths, the separated hairs, and the wings of 1 moth
were weighed and minced in plastic tubes containing 1.0 ml of
EG-NaCl[7]. After boiling for 10 min, the tubes were sedimented
at 400 ¢ for 10 min, and the supernatant fractions were frozen at
—20°C.

Assessment of Histamine Duplicate aliquots were assessed for
their histamine content with a radioenzyme assay [8,9]. One ali-
quot was incubated with an excess amount of diamine oxidase
(Sigma Chemical Co., St. Louis, Missouri) for 30 min at 37°C
after which its histamine content was determined.

Histologic Examinations After sedation with i.m. ketamine
hydrochloride, skin biopsy specimens (3-mm diameter) were taken
without additional local anesthesia from the center of induced
wheals between 10 and 20 min after injection of HE. Control
biopsy specimens were taken from the sites of injection of PBS,
EG-NaCl, and from normal, uninjected skin from the monkey’s
back. Each specimen was examined for mast cells and mast cell
degranulation using light and electron microscopy by published
methods [5,6].
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Figure 1. Dose response curves for the maximum diameter of wheals
produced on the backs of cynomolgus monkeys by intradermal injection
of various concentrations of Hylesia extract are shown without phar-
macologic pretreatment (circles) and after pretreatment with diphenhy-
dramine hydrochloride (squares). Histamine is a positive control. Phos-
phate-buffered saline and EG-NaCl are negative controls.
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Statistical Analysis Analysis of variance (ANOVA) followed
by contrast analysis were the primary statistical methods em-
ployed. The Statistical Package for the Social Sciences was used
for all computations [10].

RESULTS

Local Effects in Monkey Skin Results of HE monkey injec-
tion experiments plotted on log 2 paper are summarized in Fig
1. Wheals produced by vehicle control injections approximated
8 mm, which was about the size of an injection bleb. Histamine
injection wheals approached 12 mm. As the concentration of HE
was increased, wheal size generally increased. After pretreatment
with diphenhydramine hydrochloride, wheal formation was gen-
erally suppressed to the levels of control injections. For day 1 (no
pharmacologic pretreatment) a one-way ANOVA was performed
to compare PBS and EG-NaCl to the 4 dilutions of HE. Because
these results were statistically significant (F = 8.13, p < 0.01),
PBS and EG-NaCl werc then compared with all the dilutions
grouped together. As both the Bartlett-Box F and Cochran’s C
were not significant, the pooled variance estimate was used. The
contrast analysis was statistically significant (t = 3.37, p < 0.01).
These two analyses suggest that PBS and EG-NaCl produce val-
ues different than vehicle containing any amount of HE. Phos-
phate-buffered saline and EG-NaCl were compared with hista-
mine of day 1. These results were statistically significant (¢t =
48.8, p < 0.01). These results were also consistent with the more
conservative Kruskal-Wallis (K-W) procedure. For PBS and EG-
NaCl vs dilutions of HE, the K-W chi-square was 13.0 (p < 0.01)
and for comparison of PBS with histamine the K-W chi-square
was 5.4 (p < 0.02).

The initial two-way ANOVA across days and dilutions indi-
cated both significant main (F = 17.5, p < 0.01) and interraction
(F = 8.4, p < 0.01) effects (Fig 1). Comparison of day 1 (no
pharmacologic pretreatment) and day 3 (pretreatment with di-
phenhydramine) measurements indicated significant differences
between no pharmacologic pretreatment and diphenhydramine
pretreatment at the HE dilution of 1:2 (t = 5.11, p < 0.016) and
for histamine (t = 6.5, p < 0.01) (Fig 1).

Pretreatment with indomethacin (day 5) did not have significant
effect on wheal response to any dose of HE or to histamine. No
evidence of delayed hypersensitivity at 48 and 96 h was seen at
any injection site.

Histamine Content of Moths The histamine content (Table
I) ranged from 7-38 ng per whole organism [mean 19 * 6 (SD)
and = 1.9 (SEM)] and from 0.10-0.50 ng/mg wt [mean 0.24 =
0.01 (SD) and = 0.003 (SEM)]. Preincubation with diamine ox-
idase destroyed 100% of the histamine. Urticating hairs separately

Table I. Histamine Content in Extracts of Hylesia Moths
Histamine Content
Weight
Moth Bodies (mg) ng/Whole Organism ng/mg wt
1 78 29 0.37
2 78 23 0.29
3 86 38 0.50
4 102 22 0.22
5 97 13 0.13
6 76 7 0.10
7 76 35 0.46
8 92 8 0.10
9 92 8 0.10
10 91 8 0.10
Mean 19 0.24
Standard deviation 6.0 0.01
Standard error of the mean 1.0 0.003
Hair 30 9 0.30
Wings 6 0 0

“After diamine oxidase: ng/whole organism = 0; ng/mg wt = 0.
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analyzed contained 0.3 ng/mg wt. The wings did not contain
!’usta mine. Radioenzyme assessment for histamine was 70.6 ng/ml
in the 1:1 HE.

Histologic Examinations

Light Microscopy: Control biopsy specimens from skin injected
with PBS, EG-NaCl, and normal skin from the backs of the
monkeys showed no abnormal histologic findings. Biopsy spec-
imens taken from extract injection sites showed a perivascular
lymphocytic infiltrate around slightly dilated capillaries in the
upper papillary dermis. Endothelial cell swelling and mild peri-
vascular edema were also present. No cosinophils were seen.
Giemsa-stained sections did not show an increase number of mast
cells or evidence of mast cell degranulation.

Electron Microscopy: Ultrastructural examination of sections from
HE-injected sites showed a perivascular lymphocytic infiltrate
around blood vessels in the papillary dermis. Degeneration of the
endothelial cells of the capillaries was observed along with wid-
ening of gaps between endothelial cells. Some endothelial cells
appeared to separate from the basement membrane. All mast cells
examined appeared normal and were not degranulated.

DISCUSSION

Skin diseases resulting from contact with members of the order
Lepidoptera (butterflies and moths) have been known since ancient
times [11]. Many studies have been performed to isolate and
characterize the agents responsible for lepidopteric dermatitis
[7,12—15]. Some of these experiments have shown histamine to
be present in the hairs or poison glands of certain species [7,12].
Ducombs et al suspected the presence of histamine in the hollow
urticating hairs of the adult female Hylesia moth because of the
appearance of wheals and a demonstration of increased vascular
permeability after injection of an HE into the skin of guinea pigs
[16].

Our studies confirm those of Ducombs et al that injection of
extracts made from the urticating hairs of Hylesia moths causes
cutaneous wheal formation. Additionally, we show that the size
of this response is dose-dependent. The negative responses from
extracting substances (PBS and EG-NaCl) eliminate the possi-
bility that these solutions cause the response seen to HE.

The H;-antihistamine, diphenhydramine hydrochloride, given
in doses adequate to suppress histamine, significantly reduces
wheal formation to HE at a concentration of 1:2. This finding
supports our hypothesis that the whealing reactions to HE are at
least in part mediated by histamine. The almost complete suppres-
sion of all cutaneous response to HE at higher concentrations by
diphenhydramine suggests that histamine is the predominant me-
diator present in our extract. Although wheal response to 1:1 HE
is large, we do not consider its suppression by diphenhydramine
statistically significant, probably because of a large SD; the small
number of subjects tested might have caused this high SD. The
finding that indomethacin produces no significant effect on wheal
formation suggests that products of arachidonic acid metabolism
do not play a major role in the production of Hylesia dermatitis.

Radioenzyme assay has been shown to be a sensitive and specific
method for the identification of histamine [8,9]. This assay showed
histamine in extracts made from the urticating hairs of Hylesia
moths (Table I). Histamine was found in much greater quantities
from extracts made from the urticating hairs than extracts made
from other moth parts, suggesting that the majority of the his-
tamine found in Hylesia moths is present in the urticating hairs.
The presence of histamine in the extract made from urticating
hairs suggests that it may play an important role in the production
of Hylesia dermatitis.

Light and electron microscopic studies of biopsy specimens did
not show mast cell degranulation. The histologic findings of vaso-
dilation, widening of endothelial gaps, and perivascular edema
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seen in specimens injected with HE are consistent with the in-
tracutaneous effects of the injection of histamine into normal skin.
One interesting finding is the presence of endothelial cell degen-
eration, which may represent a toxic effect of the extract. The
discovery of endothelial cell degeneration was focal in nature and
not associated with clinical purpura.

We have provided evidence that histamine participates in the

production of Hylesia dermatitis. Other mediators or mechanisms
are not excluded. Persistence of the eruption clinically, despite
rigorous antihistamine therapy, suggests that other mechanisms
of pathogenesis may be involved. It is known that the urticating
hairs can penetrate and remain in the skin for long periods of time
and possibly cause irritation by mechanical means [1]. Urticating
hairs were filtered from our extracts prior to injection.
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