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Euphorbia myrsinites Sap-Induced Phytodermatitis:
A Prototype of Irritant Contact Dermatitis?
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Background: A hallmark of Euphorbia myrsinites (EM), a member of the widespread perennial Euphorbia species, is the
extrusion of a poisonous, latex-like sap irritant to the skin and eye after contact. The exact mechanisms underlying these
effects have not been unraveled so far.

Objectives: The aims of the study were to allocate EM sap–induced phytodermatitis to irritant or allergic contact derma-
titis (ACD) and to investigate mechanism(s) causing keratinocyte damage.

Methods: Cutaneous effects of EM sap on healthy human skin were investigated by clinical scoring and reflectance con-
focal microscopy analyses and compared with ACD. In addition, the effects of sap exposure to keratinocytes were analyzed
in vitro using histological analyses and flow cytometry.

Conclusions:We report on 2 cases of EM sap–induced phytodermatitis. Patch testing with fresh EM sap induced derma-
titis in 100% of the tested sites with a clinical course following a decrescendo pattern. Compared with ACD, the lesional phe-
notype was more severe and epidermal disruption was more pronounced. Exposure of human skin tissues and cultivated
keratinocytes to EM sap in vitro resulted in a dose-dependent increase in keratinocyte apoptosis. The reported findings sup-
port the primarily toxic irritant nature of EM sap–induced phytodermatitis. The contribution of ingenol mebutate to (nontoxic)
proinflammatory effects remains to be elucidated.
Euphorbiaceae comprise a large and diverse family of plants with
more than 8000 different species found all around the globe.1,2

The subspecies Euphorbia myrsinites (EM) (also known as myrtle
spurge) is an evergreen perennial native mainly to Europe and cen-
tral Asia where it is grown as an ornamental garden plant or found
as an invasive weed.

A defining characteristic of the Euphorbia species is the extrusion
of a poisonous, latex-like sap after damage of stems or leaves, which
serves as an intrinsic wound healing mechanism and as a deterrent
to herbivores. The milky sap contains diterpene esters,3 such as
phorbol and ingenol mebutate, which are toxic when ingested and
irritant to the eyes4 and skin after contact. The clinical presentation
of Euphorbia sap–induced toxic contact dermatitis can vary from
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mild to severe depending on the amount and quality of sap, the du-
ration of exposure, and the host's skin condition. Symptoms, in gen-
eral, start 2 to 8 hours after contact and can increase in intensity
within the next 12 hours. Skin manifestations range from erythema,
edema, and vesicles to development of bullae, ulcers, and necrosis
and are often accompanied by painful burning or itching sensa-
tions.2,5,6 Whereas eruptions are usually confined to the contact area,
in sporadic cases, skin lesions were observed at distant sites.2,7 In
some cases, delayed onset and development of new lesions several
days after initial contact have been reported.6–8 Reactions typically
resolve within 3 to 4 days without sequelae.

Although the available reports demonstrate the irritant effects of
Euphorbia sap to the skin,1,2,5,6,8 the exact mechanism behind these
inflammatory reactions has not been unraveled so far. One possible
mechanism is the direct corrosive effect of phorbol esters contained
in the plant's sap with direct pH-induced cytotoxicity leading to ne-
crotic damage of keratinocytes. These effects can be augmented by
ingenol mebutate via induction of a proinflammatory milieu and
cell death.9 However, given the ubiquitous nature of these plants,
a previous allergic sensitization cannot always be excluded. Consider-
ing the delayed response in several patients, a type IV hypersensitivity
reaction to sap proteins may represent an alternative explanation,6,10,11

and immediate type I hypersensitivity reactions have been reported
previously.11–13 In addition, combinations of irritant and allergic com-
ponents may be present,6 further complicating the assignment of
the skin eruptions observed in Euphorbia sap–exposed skin.
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To this end, identification of the primary mechanism causing
keratinocyte damage and better discrimination of nonallergic versus
allergic causes of Euphorbia sap–induced toxic contact dermatitis
could guide diagnostic, therapeutic, and preventive interventions
in affected patients. In this study, we report on the clinical spectrum
of contact dermatitis elicited by the subspecies EMand the impact of
EM sap investigated on skin keratinocytes by histology and flow cy-
tometry. In addition, to evaluate a noninvasive tool that enables
detailed studies on contact dermatitis, we conducted a comparative
in vivo analysis of EM sap–exposed skin to allergic contact derma-
titis (ACD) induced by the established allergen nickel sulfate using
reflectance confocal microscopy (RCM).
METHODS

This study was approved by the ethics committee of the Medical
University of Vienna, Austria (EK 2015/2017, EK 071/2005), and
performed in accordance with the Declaration of Helsinki principles.

For all procedures, fresh sap of a commercially available EM
plant (Stauden Ring, Oldenburg, Germany) (Fig. 1A) was obtained
by puncturing the stems with an 18-gauge needle and collecting
the emitted milky liquid (Fig. 1B) under sterile conditions.

For patch testing, healthy volunteers (n = 7) were exposed to
freshly obtained undiluted EM sap, controls consisting of pa-
tients with positive type IV hypersensitivity to nickel sulfate (n
= 5) to the respective allergen (SmartPractice Europe, Barsbüttel,
Germany). Four participants of the test group who had a previous
sensitization to nickel sulfate were exposed to both, Euphorbia sap
and nickel sulfate, allowing for intraindividual comparison. The
Figure 1. Euphorbia myrsinites and clinical presentation of sap-induced co
white, milky sap (arrows) after puncturing the plant's stem (B). A patient pre
burning sensations on the skin of the face, the retroauricular region, and the
the submental region, scattered, partly yellowish papulovesicles were note
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substances were applied to the skin on the volar side of the lower
arm, occluded with Finn Chambers on Scanpor (SmartPractice
Europe GmbH), and evaluated on day (D) 1 and D2 after applica-
tion by clinical inspection and RCM. Clinical scoring was per-
formed according to the guidelines of the International Contact
Dermatitis Research Group14: weakly positive (+) when erythema-
tous macules were observed; strongly positive (++) in the presence
of papulovesicles; very strong reaction (+++) when coalescing vesicles
or erosions had formed; or negative (−). For RCManalyses (VivaScope
3000 confocal laser scanning microscope; Caliber Imaging & Diagnos-
tics Inc, Rochester, NY), horizontal mapping of each skin site was per-
formed and at least 10 images were captured throughout the entire
epidermismainly focusing on the target zones, the stratum granulosum
and stratum spinosum. Images taken from the midepidermal region
(suprabasal epidermal layers) were evaluated for the following param-
eters: (a) maximum size of vesicles (mean diameter per image field cal-
culated according to the following formula: x = inner maximum
diameter of a vesicle divided by the total length of the field); (b)
maximum number of multichambered vesicles per image field;
(c) epidermal necrosis (maximum necrosis observed in each scan
according to a visual score of 0–4, with 0 = none to 4 = severe);
and (d) spongiosis (maximum spongiosis observed in each scan ac-
cording to a visual score of 0–4, with 0 = none to 4 = severe).

Histological analyses were performed on normal human skin ob-
tained from elective breast reductions and abdominoplasties. Four-
millimeter punch biopsies were immediately placed into a well of a
24-well plate containing Roswell Park Memorial Institute 1640 sup-
plemented with 10% fetal bovine serum and 1% penicillin/streptomy-
cin. Tenfold serial dilutions of freshly obtained EM sap (0.001–10 μL)
ntact dermatitis. Euphorbia myrsinites (A). Extrusion of the characteristic
sented with sharply demarcated erythema and edema with heating and
dorsal parts of the fingers after contact with EM sap (C–F). In addition, in
d.
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were added to the wells. For control purposes, biopsies not exposed to
sap were incubated in parallel. After a 24-hour incubation, samples
were formalin fixed and embedded in paraffin. Tissue sections at
4-μm thickness were stained with hematoxylin-eosin and analyzed
using conventional light microscopy (Zeiss AxioObserver Z1; Carl
Zeiss Microscopy, Jena, Germany).

Cells of the spontaneously immortalized human keratinocyte
line HaCaT were cultivated in quadruplicates in the absence or pres-
ence of 10-fold serially diluted fresh EM sap (0.1–10 μL). After a
24-hour incubation, HaCaTs were stained with 7-aminoactinomycin
D (7-AAD, dilution 1:10; Merck Millipore, Darmstadt, Germany) and
a phycoerythrin labeled annexin Vantibody (PE Annexin VApoptosis
Detection Kit I; BD Biosciences, Erembodegem, Belgium) for flow cyto-
metric analyses (FACSCalibur flow cytometer; BD Biosciences), and the
data were analyzed using FlowJo v10.2 software (FlowJo; LLC, Ashland,
OR). The percentages of apoptotic cells in the presence of increasing
amounts of sap are given in relation to the untreated controls.

All obtained values were compared using aMann-WhitneyU test
using the SPSS statistics software (SPSS 24.0; IBM Statistics). All
P values were 2-tailed, and values of 0.05 or less were considered
statistically significant. In the case of multiple testing, the α level was
corrected post hoc using the Bonferroni method.

RESULTS

Clinical Presentations After Contact With EM

A 24-year-old female gardener presented with sharply demarcated
erythema, edema, and heat and burning sensations in the face and
Figure 2. Patch test results after exposure of normal skin (A) to EM sap (B
papulovesiculous or erosive dermatitis that was confined to the contact are
with known type IV hypersensivity (D). Semiquantitative comparison of clinic
EM sap–induced lesions than in ACD (E).
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on her ears and hands (Figs. 1C–F) 2 hours after having pruned
EM. In the perioral region, scattered, partly yellowish, 0.5–2 mm
papulovesicles were noted (Fig. 1C), whereas the periorbital region
was spared. The patient denied excessive sun exposure, use of
new cosmetics or ointments, ocular and systemic symptoms, and
comorbidities except mild type I allergies to plant pollens other
than Euphorbia species, dust mites, and pet hair. In contrast, her fe-
male coworker, also 24 years old, who had worked alongside her,
presented with a very faint and discrete erythema on the forehead
and scattered small blisters on the mucosa of the upper oral vesti-
bule. However, her main symptoms were burning pain and the feel-
ing of “plasticlike” skin. These 2 cases exemplify the diverse clinical
spectrum of EM sap–induced skin reactions.

Macrostructural (Clinical) Presentation of EM
Sap–Induced Dermatitis in Comparison With ACD

To investigate the clinical picture and course of EM sap–induced local
skin reactions, healthy skin (Fig. 2A) was exposed to freshly obtained
sap. At all application sites of all volunteers (7/7, 100%), sap expo-
sure induced the development of a sharply demarcated dermatitis
confined to the contact sites that was either papulovesiculous
(Fig. 2B) or erosive (Fig. 2C) and accompanied by discrete to mod-
erate itching. Application of different amounts of EM sap (diluted in
0.9% sodium chloride solution) resulted in increased severity of der-
matitis with increasing sap concentrations (data not shown) (Figure,
Supplemental Digital Content 1, http://links.lww.com/DER/A21).
Remission started shortly after removal of the sap-occluding patch
with clearance of symptoms after additional 1 to 3 days, albeit a
, C). In all application sites, the application of Euphorbia sap resulted in a
as. Positive reaction to nickel sulfate elicited after reexposure of controls
al scores on D2 revealed a tendency toward a more severe response in
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discrete residual hyperpigmentation persisting for more than 4
weeks could be observed in 2 of the 7 volunteers (28.6%; not shown).

In contrast, in the skin areas of the controls with known type IV
hypersensitivity to nickel sulfate, the clinical response was domi-
nated by erythematousmacules and small papules (Fig. 2D) after re-
exposure to the allergen and continued to worsen after removal of
the allergen with a maximum reaction observed after several days.

For semiquantitative comparison, clinical scoring onD2 after ex-
posure revealed mean values of 2.9 (±0.38) for EM sap–induced le-
sions and 2.0 (±0.71) for nickel sulfate–induced ACD (Fig. 2E). The
differences on the clinical severity between EM sap–induced and
nickel sulfate–induced lesions were borderline statistically signifi-
cant (P = 0.048).

Microstructural Evaluations by RCM of EM
Sap–Induced Contact Dermatitis and ACD

To evaluate the structural and cellular changes noninvasively in
vivo, all skin application sites were additionally evaluated on D2
by RCM. Exposure to fresh EM sap resulted in the presence of large
intraepidermal vesicles with accumulation of cellular debris and in-
flammatory cells, parakeratosis, spongiosis, and necrosis in the
suprabasal epidermal layers (Figs. 3A, B). In comparison, RCM re-
vealed numerous multichambered vesicular bodies, spongiosis, and
incipient epidermal necrosis at suprabasal epidermal levels in ACD
(Figs. 3C, D).

Overall semiquantitative scoring of RCM showed a significantly
higher maximal size of epidermal vesicular bodies in EM sap–
induced compared with ACD lesions (P = 0.028) (Fig. 3E). How-
ever, the absolute numbers of multichambered vesicular bodies
were significantly higher in ACD (P = 0.008) (Fig. 3F). The scores
for necrosis (Fig. 3G) and spongiosis (Fig. 3H) were higher in EM
sap–induced dermatitis than in ACD; the differences, however,
were not statistically significant (P = 0.095 and P = 0.55,
respectively).

Cellular Changes After Exposure to EM Sap

Cultivation of skin biopsies in the presence of freshly obtained sap
for 24 hours resulted in cytoplasmic vacuolization of keratinocytes
predominantly in the basal layers of the epidermis accompanied
by dyskeratotic (apoptotic) cells (Figs. 4A, B). The observed changes
were dose-dependent with higher numbers of vacuolated cells when
higher amounts of sap had been added. In contrast, the epidermis of
control skin not exposed to EM sap remained unaffected after the
cultivation period (Fig. 4C).

Furthermore, keratinocyte viability was significantly impaired
by addition of EM sap. Cultivation of HaCaT cells in the presence
of EM sap for 24 hours induced a significant increase in the num-
bers of apoptotic cells that was dose dependent (P = 0.021). Com-
pared with untreated HaCaT cells (cultivated in the absence of
sap, 7.1% apoptotic cells), the number of apoptotic cells increased
by 143.1% and 40.1% in the presence of 10 and 1 μL/mL of sap,
respectively (Fig. 4D).
Copyright © 2019 American Contact Dermatitis Society. 
DISCUSSION

Because of the ubiquitous presence of many species of euphorbia-
ceous plants, contact can occur during outdoor activities or when
handling ornamental plants. So far, most reports on ocular manifes-
tations and only few reports on skin manifestations after contact
with fresh sap of EM have been published.2,5,6 Presumably, the in-
cidence is much higher because of numerous unreported or
misinterpreted cases. In addition, if the onset of symptoms occurs
with delay or the plant is unknown to a physician or patient, a caus-
ative association between exposure and appearance of skin erup-
tions can easily be missed. Although an irritant-toxic origin of the
Euphorbia sap–induced dermatitis has been suspected,2 but not
confirmed previously, ACD represents a valid differential diagnosis
especially when considering the ubiquity of these plants. Unfortu-
nately, the clinical picture is not pathognomonic, and histological
evaluation of tissues taken from affected sites may not always allow
distinction between irritant contact dermatitis (ICD) and ACD, be-
cause they share similar features, making a definite diagnosis based
on histomorphology challenging. However, ICD typically showsmore
severe damage to the superficial layers with signs of intracellular vac-
uolation, nuclear pyknosis, and epidermal hyperproliferation.15,16

Prompted by 2 cases of EM sap–induced dermatitis, we investi-
gated the effects of the plant's sap on human skin and compared
the clinical symptoms and the natural course of the skin eruptions
with ACD elicited by the common and established allergen nickel
sulfate to allow exact differentiation. Although the European Society
of Contact Dermatitis guideline for diagnostic patch testing recom-
mends 2 days of occlusion,14 it was decided to limit exposure to EM
sap and the control allergen to 1 day because of the level of discom-
fort experienced after the application of EM sap. We refrained from
open testing to avoid accidental smearing of the sap to other skin
sites and the eyes. Eruptions at sites of sap exposure were induced
in all tested individuals, even in those who denied frequent outdoor
activities and contact to greens. The range of dermatitis was variable
ranging from clinically barely apparent to sunburn-like rash includ-
ing the development of vesicles, papules, and erosions and followed
by decrescendo dynamics known for toxic/irritant (nonallergic) der-
matitis. Although the reason for the clinical variability is not exactly
known, the observed differences might be attributable to individual
differences in the immunomodulatory response to ingenolmebutate
or to individual differences in the epidermal barrier function.
Overall, EM sap induced a more severe phenotype of dermatitis
than ACD by nickel sulfate in our test persons, including the partic-
ipants who were concomitantly exposed to sap and nickel sulfate.
RCM analyses confirmed the macroscopical observations with re-
gard to more substantial epidermal disruption in Euphorbia sap–
induced irritant dermatitis in comparison with the ACD con-
trols. Furthermore, larger, partly multichambered epidermal ve-
sicular bodies filled with necrotic cells as well as inflammatory
cells were observed in ICD, and the degree of necrosis and
spongiosis was higher. This is in accordance with a previous re-
port where ICD was elicited by exposure to sodium lauryl sulfate
Unauthorized reproduction of this article is prohibited.



Figure 3. Reflectance confocal microscopy imaging of the suprabasal epidermis of EM sap–induced contact dermatitis (A, B) and of ACD elicited
by reexposure of previously sensitized skin to nickel sulfate (C, D). After sap exposure, RCM revealed the presence of large intraepidermal vesicles
(arrows, A) with accumulation of cellular debris and inflammatory cells (arrows, B). The images taken of ACD showed spongiosis (arrows, D), multi-
chambered vesicular bodies, and initial epidermal necrosis. Semiquantitative scoring of images taken of EM sap–induced contact dermatitis and ACD
revealed significantly larger intraepidermal vesicles in sap-exposed skin (E). Vesicles, however, were significantly more numerous in ACD (F). The
scores for necrosis (G) and spongiosis (H) were relatively similar in both.
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and compared with ACD to nickel sulfate and standard allergens17

and supports the usefulness of RCM in distinguishing ICD
from ACD.
Copyright © 2019 American Contact Dermatitis Society. 
The reported findings further support the primarily toxic irritat-
ing nature of EM sap. In addition, reexposure to EM sap did not
result in an augmented response in our test persons (data not
Unauthorized reproduction of this article is prohibited.



Figure 4. Exposure of healthy human skin biopsies for 24 hours to 10 mL/mL (A) or 1 mL/mL (B) of freshly obtained sap in vitro induced a degener-
ative vacuolization of keratinocytes. In contrast, the control biopsies cultivated in the absence of sap showed epidermal integrity with no signs of epi-
dermal cellular necrosis (C). Hematoxylin-eosin stains (magnification�40). Determination of cellular viability of HaCaT cells after 24-hour exposure to
EM sap by flow cytometry (D). The addition of freshly obtained sap to HaCaT cells resulted in an increase in the numbers of apoptotic cells (143.1%
and 40.1% increase in the presence of 10 and 1 mL/mL of sap, respectively) comparedwith cells cultivated in the absence of sap (untreated controls),
which was set at 0% to exclude physiological, sap-unrelated cell death after cultivation.
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shown) as might be expected in allergic contact reactions. Cross-
reactivity to latex was excluded as demonstrated by a negative
patch test (not shown). One limitation is that the evaluation was
performed at certain time points after removal of the test sub-
stances, but not longitudinally during a course of several days
when lesions or sequelae were still visible.

Finally, the in vivo observations were confirmed in vitro by a
dose-dependent increase in apoptotic suprabasal keratinocytes in
the epidermal compartment and significantly higher rates of apo-
ptosis after exposure of human skin tissues derived from healthy
donors and human keratinocytes to EM sap, respectively. No mor-
phological evidence for an allergic component relevant to the de-
velopment of EM sap–induced contact dermatitis was observed.
Because of ethical considerations, we have refrained from taking bi-
opsies from the patch test sites; hence, the histomorphological
changes were observed on human skin necropsies, hampering in-
vestigation of cellular infiltrate/chemotaxis, that might have oc-
curred in vivo.

According to previous reports, EM contains abundant amounts
of diterpene and phorbol esters, which have both been associated
with irritative and proinflammatory epithelial changes in humans.2

Thus, these substances represent potential culprit components that
might be responsible for the development of the irritant cutaneous
changes. However, besides these toxic effects, the proinflammatory
effect of the phorbol ester ingenol mebutate present in the plant's
Copyright © 2019 American Contact Dermatitis Society. 
sap might also contribute to the inflammatory changes without be-
ing primarily cytotoxic.18 Therefore, it can be hypothesized that EM
sap–induced dermatitis is the result of a complex, directly cytopath-
ogenic as well as proinflammatory cocktail resulting in a spongiotic,
papulovesiculous dermatitis. The most obvious mechanism is the
corrosive effect of phorbol esters with direct pH-induced cytotoxic-
ity leading to necrotic damage of keratinocytes. These effects are fur-
ther augmented by ingenol mebutate via site-specific recruitment of
immune cells.18 These considerations also have therapeutic implica-
tions as the barrier defect in toxic dermatitis will most likely not
profit from topical corticosteroid use, which may further compro-
mise the epidermal barrier and delay healing processes. However,
lipid-rich moisturizers are effective in the short-term treatment of
experimentally induced ICD.19 Future investigations will have to
elucidate in how far ingenol mebutate contributes to the inflamma-
tory changes in EM sap–induced dermatitis and whether the cyto-
toxic effects also play a role in the anticarcinogenic effect of
ingenol mebutate when used for cancer treatment.

Given the detrimental ocular and cutaneous effects of EM sap
and the wide dissemination of the plant, protective measures are
mandatory. However, it seems that, especially in Europe where
EM often serves as an ornamental plant, the awareness of its toxicity
is rather low. This is also exemplified by our case series where even
trained florists were unaware and did not take protective measures.
The attachment of warning labels could be considered to raise the
Unauthorized reproduction of this article is prohibited.
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awareness of persons handling EM and thus prevent future
toxic incidents.
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