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actions and the use in dermatology. In this review we summarized the 
available published data (up to 2021) regarding the role of emu oil in 
dermatology with a particular focus in term of composition, mecha-
nism of action, efficacy data and future challenges. We performed a 
Pubmed search (September 2021) to identify and extract information 
regarding Emu oil in dermatology using the following terms: emu 
oil AND skin AND/OR clinical trial AND/OR topical formulation. 
In comparison with similar reviews on the same topic (Mashtoub 
2017), we found more recent articles providing additional new data 
on mechanism of action (in particular new anti-inflammatory mech-
anisms and stem cell promoting activity of emu oil) and new clinical 
efficacy data in dermatology conditions such as atopic eczema and 
skin barrier function.

Introduction

The Emu Oil (EO) is extracted from the subcutaneous and retro-
peritoneal fat of Emu, a flightless bird living in Australia (Figure 1) 
but now it is also farmed in Canada, Europe and the USA [1]. This 
product is rich in free fatty acids and was used in traditional medicine 
for treating wounds and pain reduction for inflamed joints [2]. EO 
is available in both topical and oral administration formulations [3]. 
The principal characteristic of EO is its peculiar composition of long 
chained triglyceride esters (FFA) of omega (Ω) 3, 6 and 9 classes, 
such as Oleic acid and Linoleic acid and saturated fatty acids like 
Palmitic acid and Stearic acid [4]. EO, from a pharmacological point 
of view, is characterized by antioxidant, anti-inflammatory and skin 
reparative activities [5]. EO is mainly used topically but recent trials 
have shown that EO could exert anti-inflammatory action also after 
oral administration [6]. This review focuses the available evidence 
of topical formulations of EO regarding the potential mechanisms of 

Abstract
 Emu Oil (EO) is a product derived from the Emu (Dromaius no-
vaehollandiae). The Emu is a large wingless bird whose oil was used 
by Australian aboriginals to accelerate wound healing and alleviate 
local pain. EO has been demonstrated to have significant anti-inflam-
matory effects. When used topically, EO is also an effective emollient 
and skin barrier protecting substance. The principal characteristic 
of EO is its peculiar composition of long chained triglyceride esters 
(FFA) of omega (Ω) 3, 6 and 9 classes, such as Oleic and Linoleic 
acids and also saturated fatty acids like palmitic and stearic acids. 
EO also contains other components such as carotenoids, flavonoids, 
polyphenols, and tocopherols, which can result in favourable antioxi-
dant effects of this product. The FFA of the Ω-3, Ω-6, and Ω-3 series, 
which are the main component of EO, may act on cyclooxygenase, 
lipoxygenase, and lipoxin pathways expressing anti-inflammatory 
actions. More recent investigations support the potent and specific 
anti-inflammatory effects of EO when used both orally and topical-
ly. EO in fact can induce a downregulation of IL-1, IL-6 and TNF-α 
cytokines production in in vitro and in vivo experiments. It has been 
suggested that EO can act as a natural precursor to the body’s own 
anti-inflammatory agents, working in different ways to relieve inflam-
mation processes. Topical formulations containing high concentra-
tion of EO have demonstrated to be effective in improving clinical 
signs and symptoms (i.e., erythema and itch) in subjects with sub-
acute atopic dermatitis and seborrheic dermatitis manifestations. EO 
could also improve the skin barrier function. EO stimulates skin cells 
proliferation, favouring wound healing process. This review focuses 
the available evidence of EO use in dermatology and the potential 
mechanisms of action.
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Figure 1: Emu (Dromaius novaehollandiae) is a wingless bird living in Australia. The 
Emu Oil (EO) is extracted from the subcutaneous and retroperitoneal fat of this ani-
mal (source Wikipedia; open source image).
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Chemical Composition of EO
The EO is produced though extraction, filtration, and centrifuga-

tion processes from the subcutaneous and retroperitoneal fat of the 
animal [7]. When the semi-solid fat is filtered at 25 °C it yields 20-
80% (v/v) of a clear bright yellow oil. The final product could be 
used for the set-up of oral and topical formulations. EO is commonly 
approved by regulatory Agencies, such as FDA. EO contains 98% of 
lipid substances. The predominant component of EO is represented by 
a peculiar mix of unsaturated (UFA) and saturated (SFA) Free Fatty 
Acids (FFA) such as Oleic, Linoleic, Palmitic and Linolenic acids. 
More in detail, the EO composition is formed by 45% of monoun-
satured, 35% of satured and 20% of polyunsatured FFA. Table 1 de-
scribes the qualitative-quantitative composition of EO. The content 
of α-linolenic acid in the total triglyceride fraction could vary accord-
ing to farming conditions and the basal diet. The Figure 2 shows the 
percentages of monounsaturated, saturated and polyunsaturated fatty 
acids present in standardized EO formulations. The relevant point is 
that the FFA qualitative and quantitative composition of EO is very 
similar to the FFA composition of human skin [7]. In addition to this 
lipid component, EO contains also natural antioxidant molecules 
such as flavonoids, carotenoids, tocopherols, polyphenols and finally 
phospholipids. When EO is used to produce topical formulations the 
issue of standardization of the composition could be a relevant crit-
ical aspect. The EO composition in fact can depend upon the age of 
the bird, the type of diet and of course the extraction and production 
methods. In addition, there are no standardized procedures for the EO 
production. Anyway, a trial [8] conducted with different EO products 
has shown similar pharmacological effects in a model of mucositis, 
suggesting that different EO commercially available products do not 
substantially differ in term of pharmacological activity and clinical 
efficacy. One relevant advantage of EO is that its production requires 
little processing, unlike plant derived oils, and presents a high safety 
and tolerability profile, being readily metabolized like most animal 
fats. Furthermore, in contrast to so many petroleum-derived phar-
maceuticals, it also comes from a eco-sustainable and renewable re-
source. It is relevant to note that EO is nonirritating, possessing good 
moisturizing and cosmetic properties with low comedogenicity and 
good penetrating ability across stratum corneum compared with other 
mineral oils. Therefore, EO is of major interest to dermatologists and 
cosmetic scientists as an interesting compound for topical formula-
tions.

Pharmacological Activities of EO
The EO has several relevant pharmacological activities demon-

strated by several in vitro and in vivo studies. Scientific evidence sup-
ports the data that EO has antioxidant, anti-inflammatory and skin 
barrier reparative functions.

Antioxidant activity

The antioxidant action of EO was demonstrated both in vitro and 
ex vivo models [9]. EO has a scavenging property, and it is also able 
to inhibit lipid peroxidation in a biological membrane model. Ben-
net et al [10] demonstrated that the antioxidant activity of EO was 
superior to other avian oils. These authors stated that the antioxidant 
or radical scavenging properties of EO appeared to be due to minor 
constituents in the non-triglyceride fraction of the product, while its 
high ratio of unsaturated to saturated fatty acids (UFA/SFA>2) could 
offer protection against oxidative damage.

Anti-inflammatory activity

The anti-inflammatory action of EO was demonstrated in several 
animal models [11,12]. EO applied topically significantly decreases 
auricular thickness by more than 70% in a mouse model of croton 
oil-induced auricular inflammation. When used orally, EO can coun-
teract inflammation processes in animal models of acute intestinal 
mucosa inflammation [13]. Interestingly, EO reduces the production 
of pro-inflammatory cytokines such as tumor necrosis factor and in-
terleukin 1-α [14]. The anti-inflammatory action of EO could be due 
to the high content of PUFA present in the EO like docosahexaenoic 
and eicosapentanoic acids [15]. In addition, PUFA can reduce the pro-
duction of IL-12 and IL-1β [16]. Recent data show that EO emu oil 
might regulate PPARγ and TNFa [17] expressining a relevant anti-in-
flammatory action Therefore, the presence of Ω-3 and Ω-9 FFA in the 
EO could explain the anti-inflammatory activity of this product with 
both a direct and indirect mechanisms of action (reduction in leukot-

Free Fatty acid %

Oleic (Ω-9) 49

Linoleic (Ω-6) 10

Palmitic (SFFA) 24

Docosahexaenoic (Ω-3) 5

Eicosapentanoic (Ω-3) 5

Stearic (SFFA**) 10

Linolenic (Ω-3) 1

Ratio UFA/SFA 2

Table 1: Qualitative and quantitative composition of EO*.

** SFFA: Satured free fatty acid. *Source: Mashtoub 2017

Figure 2: EO: Percentages of monounsaturated, saturated and polyunsaturated fatty 
acids. Total fat content in % of weight.
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riene and thromboxane production, down-regulation in inflammatory 
genes expression). Finally, the Ω-9 FFA component of EO can inhibit 
macrophage migration [18]. Thus, the anti-inflammatory action of EO 
could be considered to act at multiple levels Figure 3.

Skin Barrier reparative functions and regeneration of skin 
stem cells

EO has been proven to stimulate the proliferation of the skin. In 
2018 Arenzoumand et al [19] demonstrated, in an in vitro model, that 
an emulsion of EO enhanced the proliferation, stemness gene expres-
sion and the wound healing capacity of adipose-derived stem cells. 
Furthermore, Lopez et al [20] demonstrated that EO could promote 
wound healing in experimentally induced lesions in mice. EO has 
relevant moisturizing effects: Zanardo et al [21] have shown that a 
single topical application of an EO-based lotion in newborns was ef-
fective in improving stratum corneum hydration and skin elasticity. 
Skin hydration increased by 22% just 1 hour after the application of 
the EO-based lotion and by 34% after 24 hours. The same research 
group [22] demonstrated that topical application of EO-based cream 
improved the skin barrier function of the areola skin in breastfeeding 
women. EO topical use can have interesting wound healing promot-
ing activity.

Pharmacology of Omega 3, 6 and 9 FFA

In consideration of the fact that EO is a very high rich mixture of 
Ω-3, Ω-6 and Ω-9 FFA, a general description of pharmacological main 
activities of these biological compounds is relevant to understand the 
utility of EO in clinical use. FFA are important energy sources for 
most body tissues and are classified according to their aliphatic tail 
length; Short-Chain Fatty Acids (SCFAs) have fewer than 6 carbon 
atoms, Medium-Chain Fatty Acids (MCFAs) have 6-12 carbons, and 
Long-Chain Fatty Acids (LCFAs) have 12 or more carbons atoms. 
Unsatured and Polyunsaturated Fatty Acids (PUFAs) are fatty acids 
that contain one or more than one double bond in their backbone. 
This class includes many important compounds, such as essential fat-
ty acids. In more details, FFA are formed by a chain of hydrocarbons 
with a carboxyl group (-COOH) group at one end, and a methyl group 
(-CH3) at the opposite side. The carbon next to the -COOH is known 
as α, the next one β. Therefore, the last position is labelled as a “ω”, 
the last letter in the Greek alphabet. The Ω-3 or 6 or 9 classification 
refers on the position of the first unsaturation bond relative to the end 
position (ω). For example, the term ω-3 means that the first unsatu-
rated carbon-carbon bond from the terminal end (ω) of then chain is 
the third one. Typically, the number of carbons and the number of 
double bonds is also listed in short descriptions of unsaturated fatty 
acids. From a strict pharmacological point of view, FFA are relevant 

molecules showing critical functions such as receptor signaling, gene 
expression, and regulation of systemic metabolic energy homeosta-
sis. At intracellular level there are specific physiological sensors for 
FFAs which are members of the intracellular or nuclear lipid-binding 
protein families, such as Fatty Acid Binding Proteins (FABPs) and 
Peroxisome Proliferator Activated Receptors (PPARs), are known as 
functional receptors that regulate many physiological and pathophys-
iological processes stimulated by FFA. In addition, there are specific 
membrane receptors of the G-coupled family which could be activat-
ed by Ω-FFA [23]. For example, the membrane receptors GPR40 and 
GPR120 are activated by FFA (more specifically by Ω-3 FFA). The 
activation of these receptors, in particular the FFAR1 receptor, can 
start anti-inflammatory response blocking the production of one of 
the key pro-inflammatory molecules such as NF-κ-Beta [24]. Fujita 
et al. [25] demonstrated that FFAR1 activation blocks the production 
of cytokines and chemokines via proinflammatory cytokines in ke-
ratinocytes and lessens allergic inflammation in the skin. Moreover, 
a recent Nagatake et al. [26] have shown that some FFA can act as a 
FFAR1 ligand and exhibits antiallergic and anti-inflammatory effects 
by inhibiting neutrophil mobility in animal models of contact hyper-
sensitivity.

Topical EO Use in Dermatology
Fatty acids are relevant components of natural lipids, which regu-

late the physiological structure and function of the human skin. EO, 
as a source of FFA, can attenuate skin irritation and inflammation 
and this is the reason why it is used in the treatment of numerous 
skin diseases. EO in topical formulations has been used in clinical 
dermatological conditions such as atopic dermatitis, seborrheic der-
matitis, and radiation dermatitis and in wound healing. There are also 
experimental data supporting a significant role of EO in reducing the 
scar formation after burn.

Atopic Dermatitis and Eczema
Atopic Dermatitis (AD) is a common chronic inflammatory and 

eczematous skin condition characterized by flares and remissions 
[27]. AD affects approximately 20% of children in industrialized 
countries. Several data support the concept that skin barrier alteration 
or dysfunction and the consequent cutaneous inflammation are the 
two main hallmarks of AD and they are considered the most relevant 
pathogenetic factors in this skin disease [28]. The downregulation of 
cornified envelope genes such as the protein filaggrin, the reduction 
of ceramide levels, the increased levels of endogenous proteolyt-
ic enzymes, and the enhanced trans-epidermal water loss seem the 
relevant pathogenetic factors responsible of the defective epidermal 
barrier function [29]. An increase of trans epidermal water loss also 
in uninvolved AD area is a characteristics of AD skin. The alteration 
of skin barrier function in AD promotes the local production of prima-
ry proinflammatory cytokines such as interleukin 1 (IL-1) and tumor 
necrosis factor alfa (TNFα). Topical corticosteroids are the mainstay 
treatment of AD, especially during flare periods however, their use in 
the long term could cause alteration in skin barrier function. For these 
reasons, the daily use of emollients and moisturizers is considered an 
important adjunctive strategy to improve skin barrier function and 
skin appearance in AD patients [30]. A functionally normal epidermal 
barrier function is crucial in preventing excessive water loss and pro-
tecting skin from external insults such as bacterial, allergen, chemical 
and mechanical damages. Skin hydration is now considered a relevant 
component of the overall management of patients with atopic derma-

Figure 3: Proposed mechanisms of action of Emu oil.
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Skin Ageing
Skin ageing is defined as an enhanced process of degradation of 

epidermal and dermal structural integrity and functionality as a con-
sequence of exposition following to many environmental factors such 
as tobacco smoke, exposure to Ultra-Violet Radiation (UVR) and air 
pollution [41]. Skin aging may influence epidermal lipids and free 
fatty acid composition, and their physiological functions may be im-
plicated in aging process. A decrease of FFA content in epidermis and 
dermis has been demonstrated in advanced photoageing [42]. Some 
FFA can inhibit the activity of Matrix-Metallo Proteases (MMP), a 
family of enzymes involved in the skin ageing processes: the study of 
Nicolai et al. in fact demonstrated that omega-3 and omega-6 fatty ac-
ids inhibit the proteolytic activity of MMP-2 and MMP-9 [43]. These 
data are supported also by the study of Rogert et al [44] demonstrating 
a significantly decreased levels of all major lipid species, in particular 
ceramides, with increasing age. The FFA of the Ω-3 family are consid-
ered important molecules with photoprotective action [45], suggest-
ing that this FFA component can counteract the photoageing process. 
More recently Kazem Nejati-Koshki [46] demonstrated that EO en-
hances cell proliferation preserving stem cells function in an in vitro 
model of cultured adipocytes. High levels of Ω-3 Ω-6 FFA can also be 
relevant in fighting the skin damage induced by pollution [47]. This 
amount of evidence, represents a potential rationale implying that EO 
could be a component with anti-aging action, suggesting a role of EO-
based products also in dermo-cosmetic treatment protocols.

There are in addition several practical considerations which fur-
ther support the interesting role of EO in dermatology. It has been 
demonstrated that EO has an excellent safety and tolerability profile: 
it has no side effects and that, at its maximum dosage, it has a very low 
skin irritation potential. Another important property of EO is the lack 
of comedogenic activity, that is, it does not block the skin pores and 
therefore does not cause the onset of acne in the skin areas where it is 
applied. In 1996 Zemtsov [48] demonstrated in a placebo-controlled 
study that EO topical product has high cosmetic and moisturizing 
properties. EO could therefore be an interesting adjunctive compo-
nent for specific anti-inflammatory and anti-acne topical products. Ta-
ble 2 reports a list of potential use of EO in dermatology and the type 
of experimental data available.

Discussion
Emu oil contains high amount of polyunsatured fatty acids and 

antioxidants. The composition of FFA is quite similar to the lipid mix 
of human skin. EO has shown to be a potent anti-inflammatory com-

titis. Lotions, which have a high water and low oil content, can wors-
en xerosis via evaporation and trigger a flare of the disease. For this 
reason, emollient formulations rich in fat are preferred in this condi-
tion. The epidermis in AD is characterized by a significant decrease 
in the lipid content when compared to the healthy controls [31]. In an 
animal model of AD dietary supplementation of omega-6 and ome-
ga-3 essential fatty acids improved the skin barrier function [32]. In-
terestingly, a study in an animal model conducted by Son et al [33] 
demonstrated that the Free fatty acid receptor 4 (FFA4) activation can 
ameliorate 2,4-dinitrochlorobenzene-induced atopic dermatitis by in-
creasing regulatory T cells function in mice. These data represent a 
strong rational for the use of EO in AD. Two topical formulations of 
EO (a lipogel with 90% of EO and a cream containing 25% of active 
principles) have demonstrated [34,35] to improve the clinical signs of 
atopic dermatitis in 44 atopic children (mean age 9 years) when used 
in acute phase (the lipogel formula) and in the chronic phase (the 
cream product). After 4 weeks of treatment (twice daily application) 
with the lipogel in the acute phase followed by 8 weeks of treatment 
with the cream in the post-acute phase 70% of the subjects improved 
significantly with a reduction of the Investigator Global Assessment 
(IGA) score greater than 50%.

Seborrheic Dermatitis

Seborrheic Dermatitis (SD) is a common chronic-recurrent skin 
disease which could affect up to 15% of adult population. SD is more 
common in men between the age of 20 and 45 years. Skin areas rich 
in sebaceous glands, such as face, and chest are commonly affected 
[36]. A key pathogenetic role in SD seems to be played by Malassen-
zia yeasts which could be responsible to alter the skin barrier function 
and to start inflammatory response [37]. In a 3-arm, split-face, ran-
domized study [38] conducted in 126 subjects affected by Seborrheic 
Dermatitis (SD) EO was compared to clotrimazole and hydrocorti-
sone. EO was superior to clotrimazole in reducing the erythema score 
but inferior to the corticosteroid. However, EO treatment reduced sig-
nificantly, in comparison with baseline, scaling and itch. The authors 
stated that EO could be considered as a potentially useful agent that 
significantly improves itching, erythema and scales associated with 
SD.

Radiodermitis and Mucositis
Radiation therapy is used in the treatment of many patients with 

cancer. The utilization of radiation therapy is sometimes limited by 
the occurrence of radiation-induced skin changes. In fact, skin reac-
tions are common side effects of radiation therapy, with up to 90% of 
patients being affected. Radiation-induced skin changes are classified 
into acute and chronic, with acute erythema and desquamation as well 
as chronic atrophy and fibrosis. So far, the prevention and manage-
ment of radiation-induced skin injury remains a challenge. EO was 
evaluated in a placebo-controlled trial [39] in 45 subjects undergoing 
a cycle of radiotherapy with the aim to evaluate the potential effect 
of EO in preventing radiation dermatitis. In comparison with placebo 
EO reduced the global skin damage score however the clinical effect 
was evaluated as modest-moderate. EO has also shown [40] prom-
ising results in subjects with burned wounds in order to reduce the 
risk of scarring formation: in comparison with placebo EO improved 
significantly the pliability and pigmentation of the affects skin.

Dermatological conditions  Data available Reference

Atopic eczema Clinical, in human Piccolo [33]

Seborrheic Dermatitis Clinical, in human Attarzadeh [37] 

Radiation Dermatitis
Clinical, in animal  

and in human
Mashtoub [8]
Rollman [38]

Wound healing Animal experiments Jeengar [2]

Burn scar Animal experiments O’Banion [39]

Mucosal inflammation (mucositis) Animal experiments Lindsay [9]

Anti-aging In vitro data Zemstoy [46]

Anti- skin fissuring Clinical in human Zanardo [20]

Skin Barrier function enhancer Clinical in human Zanardo [21]

Table 2: EO topical use in dermatology.
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pound and this action could be exerted both orally and topically. EO 
applied topically has also a stem cell stimulating activity. EO has also 
a transdermal penetration enhancing effect. The presence of Ω-3, Ω-6 
and Ω-9 FFA in EO can explain at least in part the anti-inflammato-
ry action of this product acting on cyclooxygenase and lipoxygenase 
pathways. For example, Ω-3 FFA can stimulate a specific cell receptor 
(such as GPR40, GPR120, FFRA1 ect.) and this activation interferes 
with the pro-inflammatory cascade process mediated by the activation 
of TLR-4 with the stimulation of NF-κB, a key factor in inflamma-
tion response. EO in topical formulation has shown to be beneficial in 
clinical condition like atopic dermatitis, seborrheic dermatitis, wound 
healing and in the prevention of radiation dermatitis. EO topical use 
could enhance the skin barrier function in newborn, therefore repre-
senting an interesting strategy in clinical conditions characterized by 
an altered skin function such as xerosis of atopic skin or xerosis of 
diabetic skin. In addition, EO could be potentially useful in anti-aging 
and anti-acne products.

Conclusions
EO, thanks to its peculiar composition, very rich in free fatty ac-

ids, and mechanism of action, could be considered as an attractive 
pharmacological agent. When used topically EO increases the skin 
barrier function, has antioxidant, anti-inflammatory and emollient ef-
fects and it could be used as relevant coadjuvant treatment in several 
skin conditions. Clinical data suggest that the topical use of emu oil 
could exert beneficial effect in a wide range of dermatological con-
ditions. However, we need more evidence-based robust data on the 
efficacy and tolerability profile of this interesting product. Therefore, 
further trials with comparative or add-on study design are warranted 
to better define the role of topical emu oil in dermatology. Finally, a 
relevant challenge to better describe the role of topical emu oil would 
be the issue of standardization of pharmaceutical preparations.
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