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Abstract: For millennia, sunflower seed oil has been used in folk
medicine for both skin care and the treatment of skin disorders. In its natural
state, the oil contains high levels of essential fatty acids, particularly linoleic
acid, which has skin barrier-enhancing properties. A sunflower oleodistillate
(SOD), which is produced through a molecular distillation process without
the use of solvents, has been shown to increase the epidermal key lipid
synthesis and to reduce inflammation in vitro and in animal models. It has
also been shown to activate peroxisome proliferative-activated receptor-a
(PPAR-a) in vitro. As PPAR-a agonists have been shown to stimulate kerat-
inocyte differentiation, improve barrier function, and enhance lipid metabo-
lism in the skin, it has been suggested that SOD might also be efficacious in
atopic dermatitis (AD). An initial clinical evaluation of the care effect of a 2%
SOD emulsion in 20 adult volunteers with atopic skin revealed the moistur-
izing properties of SOD. Finally, a strong steroid-sparing effect and a positive
effect on quality-of-life parameters were clearly demonstrated for the 2%
SOD cream in studies in infants and babies with AD.

In recent years there has been increasing interest in
skin care products for infants and children. Additionally
health-conscious parents have gradually become more
discerning of the baby products they buy and the con-
sumer trends toward buying products containing fewer
and more familiar, natural ingredients. Many natural
ingredients, typically based on botanicals, may be con-
sidered by health-conscious consumers to be safe, gentle,
ecologically sound, and esthetically appealing (1).
Increasingattention is beingdevoted to thediscoveryand

development of plant-based ingredients for inclusion in
skin care products. The use of many of these substances
in skin care dates backmillennia. The desire for clinically
relevant data on natural ingredients has led to increasing
numbers of well-designed studies of the use of green tea
extract (2), oatmeal (3), licorice (4), soy (5), and other
botanicals (6).

Recently, there has been a resurgence of interest in
the use of sunflower (Helianthus annus) oil for inflam-
matory skin disorders. Sunflowers are native to the
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southwestern United States and northern parts of
Mexico. These flowers were used by indigenous peoples
as food, medicinal ingredients, as well as a source of
dyes (7). In the 1970s, it was shown that essential fatty
acid (EFA) deficiencies in both animals and humans
could be treated by topical application of sunflower
seed oil (8).

COMPOSITION AND CUTANEOUS ACTIVITY

OF NATURAL SUNFLOWER LIPIDS IN THE

SKIN BARRIER

As it occurs in nature, sunflower oil is replete with EFA.
Its major lipid constituent is linoleic acid in the form of a
triglyceride (61.5%) and to a much lesser extent, oleic
acid (24.3%), palmitic acid (9.3%), stearic acid (3.7%),
and linolenic acid (1.0%) (9). These EFA help maintain
the skin barrier and minimize transepidermal water loss
(TEWL) (10,11). Linoleic acid, the primary lipid fraction
of sunflower oil (9), converts to arachidonic acid and is a
precursor to prostaglandin E2 (PGE2) (10). PGE2 is a
known modulator of cutaneous inflammation (12). A
study by Elias et al showed that linoleic acid may play a
direct role in barrier function, independent of its role in
prostaglandin metabolism (11).

The epidermal barrier functions to prevent the loss
of water and to prevent the penetration of environ-
mental contaminants into the skin (13). It has been
described as having a bricks-and-mortar structure (14),
composed of layers of corneocytes embedded in a
matrix of lipid bilayers consisting primarily of fatty
acids, ceramides, and the sterols and cholesterol sulfate,
in specific proportions. The similarities of sunflower
seed oil lipids and those constituting the epidermal
barrier suggested their potential utility in a variety of
cutaneous conditions.

STUDIES OF TOPICAL SUNFLOWER OIL IN

DERMATOLOGY

Several studies have demonstrated the utility of topical
application in patients who had EFA deficiency sec-
ondary to prolonged fat-free parenteral feeding or fat
malabsorption secondary to surgery (8). An in vitro
study by Van Dorp showed that topical application of
sunflower oil on abdominal skin fromEFA-deficient rats
reduced the TEWL that is characteristic of EFA-defi-
cient skin (15,16). In an unpublished study by Black and
Hartop, it was noted that skin symptoms of EFA defi-
ciency, which included extreme dryness, improved not
only at the application site but also at remote sites on the
skin (8, J.G. Black, P.F.Hartopp, and J.L.McCormack,
unpublished data).

A later study demonstrated a similar result in three
patients who became EFA-deficient following major
bowel resection (8). Application of olive oil to the con-
tralateral arm did not reduce TEWL, but sunflower oil
reduced TEWL between 33% and 50% in the three pa-
tients in the study. The skin linoleic acid content began to
increasewithin 4 days of topical applicationof sunflower
seed oil but not olive oil. The authors noted that both oils
penetrated the stratum corneum and were incorporated
into the epidermal barrier (8,9).

More recently,Darmstadt et al demonstrated that the
application of sunflower seed oil was beneficial in
reducing the rate of nosocomial infections in preterm
infants. Preterm infants less than 33 weeks gestation at
birth were randomized to receive massages with either
sunflower seed oil (n = 159) or a commercially available
ointment containing petrolatum, mineral oil, mineral
wax, and lanolin alcohol (n = 157). The incidence of
nosocomial infections in the treatment group was com-
paredwith that of untreated controls (n = 181).Overall,
infants massaged with sunflower oil were 41% less likely
to develop a nosocomial infection than those massaged
with the petrolatum ointment (17). Darmstadt et al later
conducted a trial in which 497 preterm Bangladeshi
infants (gestational age £33 weeks) were randomized to
receive daily treatment with topical sunflower oil or the
petrolatum ointment used in the aforementioned study.
The sunflower oil treatment group had a significant
reduction in infant mortality of 26% (p = 0.042) com-
pared to that of controls who received neither form of
emollient therapy. The petrolatum ointment treatment
group also had reduced infant mortality by 32%
(p = 0.13). The authors concluded that the use of skin
barrier-enhancing emollients, particularly sunflower oil
in the care of preterm infants (<33 weeks gestation),
improved overall survival rates and did so at a relatively
low cost (18).

SOD

Recently, a sunflower oil distillate (SOD) has been pat-
ented and incorporated into pediatric skin care products.
Two percent SOD contains 90% EFA, mainly oleic and
linoleic acids, aswell as 5%phytosterols and 1%vitamin
E. The phytosterol content appears to be critical for anti-
inflammatory, antioxidant activity. Vitamin E, derived
from plants, is the most important lipid-soluble, nonen-
zymatic antioxidant available to protect the skin from
oxidative stress. It has been shown to be an effective
topical treatment for a variety of dermatologic disorders
including atopic dermatitis (AD), dry eczema, and
ichthyosis (19). In a murine model of 12-O-tetradeca-
noylphorbol-13-acetate (TPA)-induced ear inflamma-
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tion, sterol and triterpene derivatives from plants were
shown to be highly anti-inflammatory and also inhibited
TPA-induced tumor-promoting activity (20,21).

Sunflower oleodistillate is obtained by the treatment
of EFA-enhanced sunflower oil through physical pro-
cesses using concentration of the unsaponifiable fraction
with centrifugal molecular distillation and purification
by steam distillation. This results in SOD that has a
10-fold higher unsaponifiable fraction than that which
occurs naturally in sunflower oil (22).

In vitro studies of human skin sections showed that
topical application of 2% SOD for 18 hours increased
the synthesis of cerebrosides (+65% compared to vehi-
cle), and significantly increased the synthesis of cera-
mides (+205%, p < 0.05), and cholesterol (+107%,
p < 0.05) to a greater degree than either vehicle or
positive control (10 ng ⁄mL EGF) (23).

In an in vivo studyDubuquoy et al demonstrated that
SOD has anti-inflammatory properties comparable to
that of a mid-potency topical steroid. In their study,
inflammation was induced by topical application of the
0.03% tumor promoter TPA on the inner and outer
surfaces of the right ears of 27 mice. Vehicle alone was
applied on the left ears. Forty-five minutes and 4 hours
afterTPAapplication, either 20 ll of 2%SODor 25 mm

fluocinolone acetonide (positive control) was applied to
the inner and outer surfaces of both ears. Eighteen hours
after the TPA-induced inflammatory insult, inflamma-
tion was assessed by means of the increase in ear thick-
ness. Ears were then collected, one-half were processed
for histology (OCT embedding), and the other half were

used to measure cytokine mRNA levels as an inflam-
matory marker.

Figure 1 demonstrates that ear thickness was signifi-
cantly increased (45%) after TPA application. Vehicle
alone did not influence the intensity of the inflammatory
response, whereas, fluocinolone acetonide 25 mm was
associated with complete amelioration. Two percent
SOD significantly decreased ear edema by 40.5%
(p < 0.05), compared with vehicle. Total mRNA was
extracted from ears and retro-transcripted in cDNA.
Pro-inflammatory cytokines, tumor necrosis factor-a
(TNF-a) and interleukin-1b (IL-1b) mRNA levels were
measured by real-time polymerase chain reaction (PCR).
The TPA-induced over-production of TNF-a and IL-1b
mRNAwas significantly reduced by 2%SOD, similar to
the inhibition noted with the application of fluocinolone
(24).

MECHANISM OF SOD ANTI-INFLAMMATORY

ACTIVITY

Because of the ability of SOD to stimulate the syn-
thesis of key epidermal lipids in vitro, it was suspected
that it might have an effect on PPAR. PPAR are
members of the nuclear-steroid hormone-receptor su-
per-family acting as transcription factors involved in
the regulation of a number of pathways. Three PPAR
isoforms have been identified to date, PPAR-a,
PPAR-b, and PPARc (25).

In human keratinocytes, PPAR-a activators, includ-
ing physiologic doses of linoleic acid, induced differen-
tiation by increasing involucrin and transglutaminase
protein and mRNA levels, while also inhibiting prolif-
eration. This study suggested a regulatory role for
PPAR-a in epidermalhomeostasis (26).Linoleic acidand
other PPAR-a activators were also shown to decrease
TEWL and accelerate the formation of mature stratum
corneum and functional epidermal permeability barrier
in an in vitromodel of fetal rat skin development (27,28).
Sheu et al found that topical treatment with PPAR-a
agonists, including linoleic acid and clofibrate, 45 min-
utes and 4 hours after TPA application, led to a decrease
in ear swelling and weight. Clofibrate also reduced oxa-
zolone-induced dermal inflammatory infiltrates (29).

In an in vitro model of inflammation induced by
ultraviolet B irradiation on human keratinocytes,
PPAR-a activators (WY-14,643; clofibrate) reversed
expression of pro-inflammatory cytokines, IL-6 and -8.
This effect was not obtained with a selective PPAR-b
activator. This anti-inflammatory activity ofWY-14,643
on skin cells was confirmed in vivo. In humanvolunteers,
topical application of the 5% PPAR-a activator, WY-
14,643, was able to markedly increase the minimal

Figure 1. Ear thickness measurements. Ear thickness was
measured 18 hours after TPA application with a digital cali-
per. The extent of inflammation was quantified according to
the following equation: ear swelling (%) = 100 · (a ) b) ⁄ b,
where a is the thickness of the right (TPA-treated) ear and b is
the thickness of the left (vehicle-treated) ear. *p < 0.05;
***p < 0.001 (24).
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erythema dose (MED) on UVB-irradiated forearm skin
to 76.5 mJ ⁄cm2 whereas application of vehicle on the
contralateral arm increased MED to approximately
36 mJ ⁄cm2 (30). This suggested the possibility that
PPAR-a agonists may have application as anti-inflam-
matory molecules in the topical treatment of various
cutaneous disorders such as AD.

In a reconstructed skin model, PPAR-a agonists
have also been shown to stimulate synthesis of cuta-
neous lipids, including cholesterol, cholesterol sulfate,
and ceramides (31). PPAR-a agonists increased the
expression of several specific enzymes that are involved
in ceramide synthesis or in cholesterol metabolism
(31).

The activation of PPAR-a by SODwas assessed in an
in vitromodel based on themonkey kidney cell line CV 1
cells co-transfected with PPAR-expression vectors and a
luciferase gene promoter-reporter vector (PPRE-lucif-
erase). In this model the luciferase activity that was
proportional to PPAR activation was followed by
luminescence measurement 24 hours after agonist stim-
ulation. PPAR synthetic ligands were used as positive
controls: fenofibric acid for PPAR-a, GW501516 for
PPAR-b ⁄d, and rosiglitazone for PPARc (24). After
treatment with fenofibric acid, CV-1 transfected cells
showed a threefold increase in relative luciferase activity
(Fig. 2). Despite a much lower dose, SOD also signifi-
cantly increased luciferase activity (5.3–7.8-fold) com-
pared with the vehicle-treated cells, suggesting that SOD
is a PPAR-a activator. Although luciferase activity was
significantly increased following treatment with both
GW501516 and rosiglitazone, SOD did not activate
PPAR-b ⁄d, or c, suggesting a specificity of SOD for
PPAR-a activation (24).

THE USE OF 2% SOD IN THE MANAGEMENT

OF AD

Atopic dermatitis is on the increase throughout theworld
(32,33). In addition to its uncomfortable cutaneous
symptoms, AD leads to serious quality-of-life (QOL)
issues for patients, particularly pediatric patients, and
their families. In a study by Absolon et al, the psycho-
social impacts of AD were similar to those in patients
with epilepsy or leukemia. The rate of psychologic dis-
turbances including excessive worries and fears and sleep
difficulties discovered among eczema patients was nearly
double that of controls (34).

Topical corticosteroids are the standard of care ther-
apy for atopic flares in patients with AD (35). However,
their extendeduse in childrenposes several potential risks
including restriction of linear growth and bone density
(35). Moreover, in addition to its well-known epidermal
atrophogenic effect, topical corticosteroid therapy has
been shown to lead to increased TEWL, decreased epi-
dermal ceramides, cholesterols, and free fatty acids.
Thus, although their anti-inflammatory effect is desir-
able, it must be balanced against the fact that the use of
topical corticosteroids is limited by a significant side
effect profile and may in fact contribute to skin barrier
dysfunction (36). It was shown that even short-term
(3 days) therapy with a potent topical corticosteroid
inhibited normal epidermal lipid synthesis, leading to
increased skin barrier permeability and affected stratum
corneum integrity (37). The PPAR-a-agonist activity of
SOD as well as the anti-inflammatory effect demon-
strated in vitroand invivo studies led toanexplorationof
its use in AD (38).

In a preliminary open-label clinical study, 20 women
volunteers with AD and dry-to-very-dry skin and mild
scaling were treated with an emulsion containing 2%
SOD twice daily for 4 weeks. Table 1 shows the imme-
diate and long-lasting improvement in skin hydration, as
measured by corneometer at intervals between 1 and
24 hours following a single application of the SOD
emollient (23). The twice-daily application of 2% SOD

Figure 2. SOD activation of PPAR-a receptor. CV1 cells
were co-transfected with expression vectors containing
PPAR-a in combination with the reporter plasmid PPRE-
luciferase or with empty vectors in combination with the
reporter plasmid PPRE-luciferase. Transfected cells were
treated for 24 hours with vehicle (negative control), SOD, or
fenofibric acid (positive control) and relative luciferase activity
(RLU) was determined using a luminometer (24).

TABLE 1. Measurement of the Degree of Hydration of the
Skin’s Outer Layers Following a Single Application of 2% SOD
viaCorneometer�(ElectricCapacitance,Courage andKhazaka
Electronic Gmbh, Köln, Germany)

Hydration gain Control area 2% SOD emulsion

1 hour +0% +48.6%*
2 hours +1% +58.7%*
3 hours +0.5% +64.4%*
24 hours +2.9% +34.2%*

*Statistically significant increase compared to nontreated (control)
area.
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emulsion for four consecutive weeks was associated with
a significant restructuring of the micro-relief network
(+10%) and skin surface aspect improvement (+52%).
After 4 weeks of use, a 54% reduction from baseline in
dryness and in flaking was noted. Study participants
reported similar improvements (23).

These results were confirmed in a study with 227
children who had mild-to-moderate AD and were not
receiving corticosteroid therapy for their condition. The
2% SOD cream was applied twice-daily for 30 days.
Significant improvements were noted in several relevant
clinical parameters, including reductions of 88% in
dryness, 84% in flaking, and 80% in itching and redness
(23).

The PPARa, b ⁄d, and c, are ligand-activated
transcription factors, and are known to exert anti-
inflammatory properties. In skin, both PPAR-a and
PPAR-b ⁄d, regulate keratinocyte proliferation ⁄differen-
tiation and contribute to wound healing. The three
PPAR isoforms are expressed by several cell types
recruited into the dermis during inflammation. Stau-
mont-Sallé et al (39) investigated the role of PPAR-a in
the regulation of AD. In order to mimic the human
pathology, a mouse model of inflammatory dermatosis
with immunologic features of AD was chosen. The
results show that on antigen sensitization, PPAR-a-
deficient mice displayed increased epidermal thickening,
dermal recruitment of inflammatory cells, and lung
inflammation. Topical application of a PPAR-a-agonist
cream showed a significant decrease in antigen-induced
skin inflammation in the AD model.

RecentlyMsika et al publisheda studydemonstrating
the efficacy and corticosteroid-sparing effect of an
emollient containing SOD in the treatment of AD.
Eighty-six patients aged 4–48 months, with moderate
AD were randomized to receive corticosteroids with or
without the study cream containing SOD in various
treatment plans making up a total of five groups. All
groups received topical corticosteroids (TRIDESONIT�

desonide 0.05%; CS Dermatologie, Paris, France) to
apply according to different regimens on affected skin
with or without the 2% SOD cream formulation

(STELATOPIA�; Mustela, DermoPediatrie, Labora-
toires, Expanscience, France) over the entire body
(Table 2). The subjects were evaluated by SCORAD, a
clinical tool for assessingADseverity (i.e., surface area of
atopic skin, erythema, edema ⁄papulation, oozing ⁄
crusting, excoriation, lichenification, dryness of non-
lesional skin, pruritus, and sleep loss). The five groups
were homogeneous for SCORAD evaluation at entry in
the study. After 7 and 21 days of treatment, mean
SCORADs were listed for each group and at days 7 and
21, all five treatment groups showed statistically signifi-
cant decreases in their SCORAD Index. However, the
overall comparison of the five groups revealed no sig-
nificant differences in SCORAD between the groups
(Table 3). They also showed that when comparing the
group applying topical corticosteroid (CT) twice-daily
(group A) to the group applying the SOD-containing
emollient twice-daily in conjunction with the CT once
every other day (group E), group E did as well as the
twice-daily CT group in reduction in the overall
SCORAD index. The use of SOD-containing emollient
was therefore concluded tobeofferinga75%CT-sparing
effect (22).

Each SCORAD item has been analyzed separately to
evaluate the specific impact of the SOD emollient in
group E compared with group A. Lichenification was
significantly improvedby)71% in groupEversus)50%
in group A after 7 days and an improvement of )89%
and )13%, respectively, after 21 days (Fig. 3). Excoria-
tion was significantlymore improved (p < 0.1) in group

TABLE 2. Study Groups Presenting with Mild to Moderate Atopic Dermatitis

A B C D E

Group size 18 17 15 17 19
Treatment

a.m. CT CT+Em CT CT+Em CT 1 day ⁄ 2+ Em
p.m. CT CT+Em – Em Em

Doses of corticosteroid ⁄ 7 days 14 14 7 7 3.5
Corticosteroid-sparing ⁄ group A (%) – 0 50 50 75

CT, corticosteroid; Em, 2% SOD. Each group received a treatment based on different doses of corticosteroids combined or not with
application of a 2% SOD emollient (22).

TABLE 3. Outcome of the SCORAD Index After 7 and
21 Days of Treatment With or Without 2% SOD Emollient
Compared to Initial SCORAD at Day 0 (22)

Group
Score
at day 0

Score at
day 7

Day
0–day 7

Score
day 21

Day
0–Day 21

A 33.28 13.27 )60%* 12.30 )63%*
B 34.60 13.82 )60%* 9.66 )72%*
C 34.50 10.60 )69%* 14.50 )58%*
D 35.18 12.82 )64%* 9.18 )74%*
E 35.1 16.70 )56%* 9.03 )75%*

*p < 0.001.
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E ()90%) than in group A ()73%) after 21 days of
treatment, suggesting a significant steroid-sparing effect
of SOD.

In addition at baseline and on day 21, QOL evalua-
tions were performed based on Jones and Finlay criteria
using two indices: the Infants’ Dermatitis Quality of Life
Index (IDQOL) and the Dermatitis Family Impact
Questionnaire (40,41). Following study enrollment, the
investigators were in charge of evaluating treatment.
Enrolling pediatricians were asked to express their
opinions regarding overall satisfaction with treatment.
According to IDQOL results, parents reported a greater
improvement in their child’s quality of life with use of the
2% SOD formulation and CT for 21 days regardless of
the doses of CT applied. In fact, quality of life in children
treated with 2% SO cream was improved by 75% in
group B, 67% in groupD, and 65% in group E, whereas
quality of life of children only treated with CT improved
55% in group A and 38% in group C. Furthermore,
according to the Dermatitis Family Impact Question-
naire, parents also reported that the 2% SOD cream in
combination with CT therapy produced better
improvement in their own quality of life compared to
parentsof childrenreceivingCTwithout2%SODcream.
In fact, parents reported a quality of life improvement of
74% in groupB, 73% in groupDmand 88% in groupE,
whereas groupA and groupC parents reported a quality
of life improvement of 60% and 56%, respectively. (The
most significant decreases in SCORAD for groups trea-
ted with 2% SOD cream can be correlated with the
greatest improvements in QOL indexes reported for the
same groups [B ⁄D ⁄E].) The positive effects of 2% SOD
cream on AD clinically and on quality of life were

confirmed by investigators’ global evaluation of the
treatment performed at day 0, 7, and 21 (22).

SUMMARY

Sunflower oil has been shown to be an effective emollient
in a number of dermatologic settings. Recently a new
SOD has been developed for use in dermatology.

Findings regarding the new SOD suggest that it may
be useful for various inflammatory skin disorders char-
acterized by an abnormal skin barrier and lipid defi-
ciencies such as AD. Formulations of SOD have been
shown to be significantly steroid-sparing, which is highly
desirable when treating pediatric patients in whom the
use of corticosteroids should be minimized. Sunflower
oleodistillate has been shown to be a potent activator of
PPAR-a. This activity suggests that there will be a
number of future applications for SOD in conditions
involving epidermal maturation and proliferation, such
as psoriasis, as well as in barrier disorders including AD
as already demonstrated.

Sunflower oleodistillate appears to be a worthwhile
addition to the important player in the increasingly
diverse pharmacopeia of active natural ingredients for
skin care and medical therapeutics.
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