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ABSTRACT

Introduction: Inflammatory skin diseases are a
significant burden on affected patients. Inflam-
mation is caused by various stress factors to the
epidermis resulting in, e.g., dryness, redness,
and pruritus. Emollients are used in basic ther-
apy to restore the natural skin barrier and
relieve symptoms. A systematic review was
performed to evaluate the efficacy and safety of
ectoine-containing topical formulations in
inflammatory skin diseases characterized by an
impaired skin barrier.
Methods: A systematic review was carried out
in PubMed, the Cochrane Library, and Micro-
soft Academic up to October 2021. Inclusion
criteria were ectoine-containing topical formu-
lations (creams, emollients) used for (adjuvant)
therapy of inflammatory skin diseases. Clinical
studies of any design published in any language
were included.
Results: A total of 230 references were screened
for eligibility, of which six were selected for

inclusion in the review (five studies on atopic
dermatitis and one study on prevention and
management of retinoid dermatitis). The
application of topical formulations containing
5.5–7.0% ectoine positively influenced skin
dryness and, consequently, pruritus and der-
matitis-specific scores in patients with atopic
dermatitis. Especially in infants and children,
who belong to the most frequently affected
group, the formulations were well-tolerated
when applied for up to 4 weeks. In studies
where ectoine was used as an adjuvant therapy,
application was associated with a decreased
need for pharmacological therapy and also
improved the effectiveness of, e.g., topical cor-
ticosteroids. In patients undergoing isotretinoin
therapy, ectoine was as effective as dexpan-
thenol in reducing retinoid dermatitis or
improving symptoms.
Conclusion: Ectoine is an effective natural
substance with an excellent tolerability and
safety profile, representing a beneficial alterna-
tive as basic therapy or to increase the efficacy
of the pharmacological treatment regimen for
patients with inflammatory skin diseases,
including infants and children.
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Key Summary Points

The objective of this systematic literature
review was to summarize available
performance and safety data on topically
applied ectoine-containing formulations
for the treatment of inflammatory skin
diseases in children and adults
characterized by an impaired skin barrier.

Six clinical studies were identified through
the systematic literature search, including
atopic dermatitis and retinoid dermatitis
as indications.

Topical formulations with up to 7%
ectoine were safe and efficient in pediatric
and adult populations when used in long-
term application for up to 6 months.

Data suggest that ectoine-containing
formulations enhance topical
pharmacological therapy in inflammatory
skin diseases and, thus, reduced the
frequency and/or amount of
pharmacological therapy.

INTRODUCTION

The body is protected by a stratified epithelial
cellular sheet called epidermis [1]. The epider-
mis is a complex barrier protecting the human
body from external invasion and water loss via a
physical and chemical barrier [1, 2]. Inflamma-
tory skin diseases such as atopic dermatitis or
psoriasis are considered major public health
issues with a globally increasing prevalence,
especially in industrialized regions [2, 3]. The
inflammation is attributed to a disorder of the
epidermal barrier function of the skin [1].

A frequent inflammatory skin disease is ato-
pic dermatitis, also known as atopic eczema or
neurodermatitis [2, 4]. The global prevalence is
estimated to be 15–20% of children and 1–3% of
adults [5, 6]. This medical condition classically
manifests as dry skin and relapsing eczema

accompanied by pruritus, often leading to sleep
disturbances. Pruritus is the main symptom and
is an essential characteristic on which diagnosis
of atopic dermatitis is based [2]. Itching of the
affected area further irritates the skin and
worsens existent pruritus [2]. Disease severity is
determined by, e.g., the classical composite
score ‘‘SCORing of Atopic Dermatitis’’
(SCORAD), which evaluates affected skin areas
and intensity (erythema, edema, oozing, exco-
riation, lichenification, dryness) and subjective
symptoms including pruritus and sleep distur-
bance [4]. Symptoms usually start during early
infancy or childhood and can worsen within
the first years of life due to accompanying food
allergies, asthma, and/or allergic rhinitis. This is
referred to as ‘‘atopic march’’ [1, 2]. The onset of
atopic dermatitis commonly occurs before
5 years of age, whereas the highest onset is
reported between the ages of 3 and 6 months.
Approximately 60% of patients develop symp-
toms within the first year of life, and 90%
within 5 years of life [6]. Quality of life is sig-
nificantly impaired in patients affected by ato-
pic dermatitis, caused not only by symptoms
(pruritus and sleep disturbance) but also by
social, academic, and occupational factors [7].
Regarding disease pathology, it is hypothesized
that surrounding triggers lead to a weakened
skin barrier and consequently negatively impact
the effective protection of the skin. It has also
been suggested that an impaired skin barrier
precedes the clinical condition that leads to
immune dysregulation [2, 8]. The basic thera-
pies are educational programs, emollients, bath
oils, and avoidance of clinically relevant aller-
gens, but topical corticosteroids or calcineurin
inhibitors can be included in the treatment
regimen for mild to moderate cases. Severe cases
might need hospitalization, biologic therapy,
and/or systemic immunosuppression [4, 9].
Basic therapy with regular emollients and
appropriate skin care combined with antiin-
flammatory treatment, while avoiding contact
with triggering allergens and irritating agents,
aim to improve clinical symptoms and avoid
symptom aggravation [4]. Consequently, dry
skin is managed by epidermis care by using
moisturizing preparations to rehydrate the skin
and further improve inflammation [10].
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Other forms of inflammatory skin diseases
can occur because of contact to irritants (e.g.,
retinoid dermatitis) or as an autoimmune dis-
ease (e.g., psoriasis). Retinoid dermatitis is a
common side effect in topical tretinoin therapy
of severe acne. Patients experience erythema,
scaling, dryness, burning, and pruritus after
implementing tretinoin treatment [11]. In vivo
studies in mice demonstrated that retinoid
treatment induces desquamation by degrading
corneodesmosomes. Corneodesmosomes are
important adhesion structures in epidermal
cohesion [11], and are essential for intact epi-
dermal barrier function [12]. One cornerstone
of the management of various forms of inflam-
matory skin diseases includes application of
humectant substances that alleviate symptoms
by improving skin hydration [13]. Since its dis-
covery in 1985 [14], the hydrating and inflam-
mation-reducing properties of ectoine have
been subject to intensive research.

Ectoine, (S)-2-methyl-1,4,5,6-tetrahydropy-
rimidine-4-carboxylic acid, is a cyclic amino
acid naturally produced by extremophile
microorganisms living under conditions of
extreme salinity, drought, irradiation, pH, and
temperature [14, 15]. The amino acid protects
cells against chemical and physical noxa [14].
Furthermore, ectoine has been well assessed
within the last few years, and has been shown to
protect cell membranes of affected cells from
dryness-induced reactions and subsequent
inflammatory reactions by forming a water shell
(ectoine hydrocomplex) around proteins [16].
The effect of increased hydration of the cell
membrane also improves mobility and function
of the lipid layer, leading to a better resistance
against extreme conditions [17] and a reduction
of transepidermal water loss (TEWL) [16]. As a
result, these factors improve the impaired bar-
rier function of the skin, protecting the skin
against penetration of chemical and physical
noxa [16–18]. Interestingly, key factors in
symptom aggravation of atopic dermatitis
include external factors such as irritants and
allergens; therefore, strengthening the barrier
function is a key strategy in overcoming symp-
toms of atopic dermatitis.

Within the last few years, the beneficial
properties of ectoine have been demonstrated

in several nonclinical [16–31] and clinical
studies involving different indications [32–41]
in which ectoine-based formulations were suc-
cessfully used to alleviate symptoms of skin
impairments or mucous membranes at different
sites of the human body, such as nose and eyes,
mouth or airways. Moreover, topical adminis-
tration of ectoine has been reviewed for various
indications, such as allergic rhinoconjunctivitis
[42] and upper airway inflammation [43], as
well as irritation and inflammations of the eye
surface [44]. However, there is no summary of
clinical evidence of ectoine-containing formu-
lations on inflammatory skin diseases charac-
terized by an impaired skin barrier. Therefore, a
systematic literature review was performed to
evaluate currently available clinical data on the
management of inflammatory skin diseases
concerning topical ectoine application.

METHODS

Systematic Literature Review

The systematic literature review adhered to the
Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines
[45, 46]. The literature search was conducted in
MEDLINE (via PubMed), the Cochrane Collec-
tion Central Register of Clinical Trials (CEN-
TRAL), and Microsoft Academic to identify
clinical trials on topical ectoine application as
cream or emollient for the management of
inflammatory skin diseases (search date: 1
October 2021). The search strategy included a
combination of controlled vocabulary terms
(MeSH) and free text search terms for the sub-
stance and disease of interest. The following
search/MeSH terms were queried in the respec-
tive databases:

• PubMed: (‘‘ectoine’’[All Fields] OR ‘‘ec-
toin’’[All Fields] OR ‘‘ectoines’’[All Fields]
OR ‘‘dermaveel’’ [All Fields] OR ‘‘perfectoin’’
[All Fields]) AND (‘‘skin’’[MeSH Terms] OR
‘‘skin’’[All Fields] OR ‘‘dermal’’[All Fields] OR
‘‘dermally’’[All Fields] OR ‘‘topical’’ OR ‘‘topi-
cally’’[All Fields] OR ‘‘topicals’’[All Fields]).
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• CENTRAL: [All text] ectoin OR [All text]
Dermaveel OR [All text] Perfectoin (word
variations).

• Microsoft Academic: ‘‘ectoine skin cream’’
[Filter: Ectoine [Top topics]]; ‘‘dermatitis dry
skin ectoin’’ [Filter: Dermatology [Top
topics]; Dry skin [Top topics]; Atopic der-
matitis [Top topics]; Medicine [Top topics]);
‘‘perfectoin’’; ‘‘dermaveel’’.

In addition, the bibliographies of included
references identified in the search were
screened. No restrictions were applied for the
year of publication or type of study. References
in any language were included in the analysis
and, if necessary, publications were translated
to English for further evaluation.

Identification and Selection of Studies

The review was conducted using a prespecified
protocol. Predefined eligibility criteria were the
use of the Population (nonrestricted), Inter-
ventions (ectoine-containing formulations),
Comparisons (other interventions), and Out-
comes (PICO) [47]. Studies with interventions
but without comparator intervention or when
ectoine-containing formulations were used as
adjuvant therapy were also eligible for inclusion
in this review. Publications not related to der-
mal application of ectoine or to the defined
pathologies by the study were excluded from
the analysis.

Data Extraction

Relevant information extracted from eligible
studies were study design and methods, patient
characteristics, intervention details (e.g., dos-
ing, schedule, follow-up duration, ectoine con-
centration of the formulation, additional
treatment regimens), and efficacy and safety
outcomes, as well as time points for outcome
assessments.

Compliance with Ethics Guidelines

This systematic review is based on previously
conducted studies and does not contain any

new studies with human participants or animals
performed by any of the authors.

RESULTS

Study Selection

The search strategy identified 211 records after
removing duplicates. Seven publications were
screened for full-text eligibility after title/ab-
stract screening. One reference was excluded as
it was the trial registration (ClinicalTrials.gov)
of the study published by Marini et al. [35]. In
total, six references were eligible for inclusion in
the systematic review (Fig. 1). Detailed infor-
mation on the study design and methods,
patient characteristics, intervention details
(e.g., dosing, schedule, follow-up duration,
ectoine concentration of the formulation,
additional treatment regimens), and efficacy
and safety outcomes is presented in Table 1.

Study Design and Study Population

Six studies were assessed, of which three were
designed as prospective, open label studies
[48–50], one as a prospective, open label study
with control pairs [51], one as a randomized,
nonblinded study [52], and one as randomized,
intraindividual double-blinded study [35]. Cer-
tainty of evidence was graded according to the
Grading of Recommendations Assessment,
Development and Evaluation (GRADE) frame-
work and ranged from very low (one study) to
moderate certainty (three studies) (Table 1). The
studies predominately included patients with
atopic dermatitis [35, 48–51], while one study
evaluated the prevention and management of
retinoid dermatitis after pharmacological acne
treatment [52]. The study duration (including
follow-up) varied from 2 to 4 weeks for atopic
dermatitis and 6 months for retinoid dermatitis.
Sample sizes ranged from 30 [49] to 242 [48],
resulting in 525 recruited patients. Studies were
performed on various continents and in several
countries including Asia (Hong Kong) [49] and
Europe (Germany, Poland, Russia)
[35, 48, 50–52].
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Treatment Characteristics

The applied formulations contained between
5.5% [48] and 7% ectoine [35, 49–52]. Creams
or emollients were used in all studies including
the brand products Dermaveel, Perfectoin, and
EHK02-01 creams (all by bitop AG, Witten,
Germany). All formulations are based on basic
creme formulations including other compo-
nents also being defined as emollients or mois-
turizer. A full list of ingredients is provided in
the legend of Table 1. Evaluated administration
regimens included daily or twice daily applica-
tion of the ectoine-containing formulation. The
application in four studies was combined with
other treatment regimens [48–51] including
histamine antagonists [48, 49], topical corti-
costeroids [48–51], and calcineurin inhibitor
[48, 51]. For the prevention and management of
retinoid dermatitis, the ectoine-containing

formulation was combined with standard iso-
tretinoin therapy [52].

Efficacy of Ectoine-Containing Topical
Formulations

Atopic Dermatitis
Most assessed patients in the evaluated clinical
studies suffered from atopic dermatitis (447 of
525 patients). The average age of patients ran-
ged from 1.9 years [50] to 33.3 years old [35],
presenting a mix of pediatric and adult popu-
lations. Three studies solely focused on the
pediatric population [49–51]. One study only
reported the mean age for the two included
cohorts [50]. Of the 525 included patients, 455
were treated with an ectoine cream.

Most studies (N = 4) defined the disease
severity of atopic dermatitis according to
SCORAD [48, 51] or objective SCORAD index

Fig. 1 PRISMA flow diagram of the systematic literature review

Dermatol Ther (Heidelb) (2022) 12:295–313 299



T
ab
le

1
Su
m
m
ar
y
of

tr
ia
ls
st
ud
yi
ng

th
e
tr
ea
tm

en
t
of

in
fla
m
m
at
or
y
sk
in

di
se
as
e
w
it
h
ec
to
in
e-
co
nt
ai
ni
ng

fo
rm

ul
at
io
ns

R
ef
er
en
ce

In
di
ca
ti
on

E
ct
oi
ne
-

co
nt
ai
ni
ng

fo
rm

ul
at
io
n

St
ud

y

de
si
gn
/g
ra
di
ng

a

St
ud

y
po

pu
la
ti
on

A
ge

ra
ng
e/
m
ea
n
ag
e

D
es
cr
ip
ti
on

of

th
er
ap
y,

du
ra
ti
on

,

an
d
do

sa
ge
;
fu
rt
he
r

tr
ea
tm

en
t

Fo
llo

w
-u
p

E
ffi
ca
cy

pa
ra
m
et
er
s

M
ai
n
fin

di
ng
s

Si
de

ef
fe
ct
s

W
ilk
ow

sk
a

et
al
.[
48
]

A
to
pi
c

de
rm

at
it
is

D
er
m
av
ee
l

cr
ea
m

(5
.5
%

ec
to
in
e)
b

O
pe
n
la
be
l,

m
ul
ti
ce
nt
ri
c

st
ud
y

(6
4
si
te
s
in

Po
la
nd

)

G
ra
de
:
lo
w

ce
rt
ai
nt
y

N
=
24
2

R
an
ge
:

1
m
on
th
–8

8
ye
ar
s/

m
ea
n:

9
ye
ar
s

T
w
ic
e
da
ily

ap
pl
ic
at
io
n
of

D
er
m
av
ee
l
cr
ea
m

fo
r
4
w
ee
ks

Fu
rt
he
r
tr
ea
tm

en
t

(m
ul
ti
pl
e

tr
ea
tm

en
ts

po
ss
ib
le
):

hi
st
am

in
e

an
ta
go
ni
st
s

(N
=
19
0)
,t
op
ic
al

co
rt
ic
os
te
ro
id
s

(N
=
10
7)
,

ca
lc
in
eu
ri
n

in
hi
bi
to
r

(N
=
11
9)
,

em
ol
lie
nt
s

(N
=
28
4)
,

pr
ob
io
ti
cs

(N
=
13
2)
,d

ie
t

(N
=
13
2)

T
w
o
fo
llo
w
-

up
s
ev
er
y

2
w
ee
ks

(v
is
it
II
an
d

II
I)

SC
O
R
A
D

in
de
x

Fo
ur

dr
op
ou
ts
(t
w
o

du
e
to

si
de

ef
fe
ct
s,

tw
o
du
e
to

no
nc
om

pl
ia
nc
e

w
it
h
th
e
vi
si
t

sc
he
du
le
)

SC
O
R
A
D
in
de
x
an
d

in
te
ns
it
y
of

m
ild

an
d
se
ve
re

sy
m
pt
om

s

(i
nc
lu
di
ng

pr
ur
it
us

an
d
sle
ep

di
so
rd
er
s)

si
gn
ifi
ca
nt
ly

re
du
ce
d
at

th
e
en
d

of
th
e
st
ud
y

co
m
pa
re
d
w
it
h
th
e

fir
st
fo
llo
w
-u
p
vi
si
t

Si
de

ef
fe
ct
s:

bu
rn
in
g

se
ns
at
io
n
an
d

ex
ac
er
ba
ti
on

of
sk
in

le
si
on
s

(N
=
2

pa
ti
en
ts

dr
op
pe
d
ou
t)

300 Dermatol Ther (Heidelb) (2022) 12:295–313



T
a
b
le

1
co
n
ti
n
u
ed

R
ef
er
en
ce

In
di
ca
ti
on

E
ct
oi
ne
-

co
nt
ai
ni
ng

fo
rm

ul
at
io
n

St
ud

y

de
si
gn
/g
ra
di
ng

a

St
ud

y

po
pu

la
ti
on

A
ge

ra
ng
e/
m
ea
n
ag
e

D
es
cr
ip
ti
on

of

th
er
ap
y,

du
ra
ti
on

,

an
d
do

sa
ge
;
fu
rt
he
r

tr
ea
tm

en
t

Fo
llo

w
-u
p

E
ffi
ca
cy

pa
ra
m
et
er
s

M
ai
n
fin

di
ng
s

Si
de

ef
fe
ct
s

H
on

et
al
.

[4
9]

A
to
pi
c

de
rm

at
it
is

E
ct
oi
ne
-

co
nt
ai
ni
ng

em
ol
lie
nt

(7
%

ec
to
in
e)
c

O
pe
n
la
be
l,
pi
lo
t

st
ud
y

(H
on
g
K
on
g)

G
ra
de
:
lo
w

ce
rt
ai
nt
y

N
=
30

R
an
ge
:
4–

18
ye
ar
s/

m
ea
n:

9.
8
ye
ar
s

A
t
le
as
t
tw
ic
e
da
ily

ap
pl
ic
at
io
n
fo
r

4
w
ee
ks

Fu
rt
he
r
tr
ea
tm

en
t:

to
pi
ca
l

co
rt
ic
os
te
ro
id
s

(t
w
ic
e
a
w
ee
k)
,

hi
st
am

in
e

an
ta
go
ni
st
s
(d
ai
ly
)

A
ft
er

4
w
ee
ks

O
bj
ec
ti
ve

SC
O
R
A
D

in
de
x
an
d
C
D
L
Q
I,

PO
E
M
,a
nd

PA
D
Q
L
Q

Sk
in

m
ea
su
re
m
en
ts
:

sk
in

hy
dr
at
io
n,

T
E
W
L
,e
ry
th
em

a,

m
el
an
in

an
d
sk
in

to
ne
,p

H
,

St
ap
hy
lo
co
cc
us

au
re
us

st
at
us

B
lo
od

m
ar
ke
rs

in
cl
ud
in
g

eo
si
no
ph
il
[%

],
to
ta
l

im
m
un

og
lo
bu
lin

(I
g)
E

O
bj
ec
ti
ve

SC
O
R
A
D

in
de
x
si
gn
ifi
ca
nt
ly

re
du
ce
d,

w
hi
le

C
D
L
Q
I,
PO

E
M
,

an
d
PA

D
Q
L
Q

im
pr
ov
ed
.N

o

si
gn
ifi
ca
nt

im
pr
ov
em

en
t
fo
r

pr
ur
it
us

an
d
sle
ep

lo
ss
.D

ec
lin

ed

ne
ed

fo
r
st
er
oi
ds

Fo
r
sk
in

m
ea
su
re
m
en
ts
,

on
ly
T
E
W
L

im
pr
ov
ed
,w

hi
le

sk
in

hy
dr
at
io
n,

pH
,e
ry
th
em

a,

m
el
an
in
,s
ki
n
to
ne
,

an
d
S.
au
re
us

in
fe
ct
io
n
w
er
e

un
al
te
re
d

C
om

pl
ia
nc
e
in

63
%

re
po
rt
ed

as
‘‘g
oo
d’
’

or
‘‘v
er
y
go
od
’’
fo
r

da
ily

ap
pl
ic
at
io
n

N
o
se
ri
ou
s
si
de

ef
fe
ct
s.

In
di
vi
du
al

re
po
rt
s
of

‘‘t
in
gl
y’’

se
ns
at
io
n

w
he
n
ap
pl
ie
d

to
in
fla
m
ed

sk
in

Dermatol Ther (Heidelb) (2022) 12:295–313 301



T
a
b
le

1
co
n
ti
n
u
ed

R
ef
er
en
ce

In
di
ca
ti
on

E
ct
oi
ne
-

co
nt
ai
ni
ng

fo
rm

ul
at
io
n

St
ud

y

de
si
gn
/g
ra
di
ng

a

St
ud

y

po
pu

la
ti
on

A
ge

ra
ng
e/
m
ea
n
ag
e

D
es
cr
ip
ti
on

of

th
er
ap
y,

du
ra
ti
on

,

an
d
do

sa
ge
;
fu
rt
he
r

tr
ea
tm

en
t

Fo
llo

w
-u
p

E
ffi
ca
cy

pa
ra
m
et
er
s

M
ai
n
fin

di
ng
s

Si
de

ef
fe
ct
s

K
ud
ry
av
ts
ev
a

an
d

M
in
ga
lie
v

[5
0]

A
to
pi
c

de
rm

at
it
is

(a
nd

ch
ei
lit
is
)

Pe
rf
ec
to
in

cr
ea
m

(7
%

ec
to
in
e)
c

O
pe
n
la
be
l
st
ud
y

(R
us
si
a)

G
ra
de
:
ve
ry

lo
w

ce
rt
ai
nt
y

G
ro
up

1:
pa
ti
en
ts

w
it
h
at
op
ic

de
rm

at
it
is
N

=
35

M
ea
n:

1.
9
ye
ar
s

G
ro
up

2:
pa
ti
en
ts

w
it
h
at
op
ic

de
rm

at
it
is
an
d

ch
ei
lit
is
N

=
15

M
ea
n:

7.
6
ye
ar
s

R
eg
ul
ar

ap
pl
ic
at
io
n

on
ei
th
er

w
ho
le

sk
in

su
rf
ac
e

(g
ro
up

1)
or

th
e

lip
s
(g
ro
up

2)

Fu
rt
he
r
tr
ea
tm

en
t:

to
pi
ca
l

co
rt
ic
os
te
ro
id
s

O
nl
in
e

qu
es
ti
on
in
g

af
te
r

2
w
ee
ks

Su
bj
ec
ti
ve

ev
al
ua
ti
on

by
qu
es
ti
on
na
ir
e

M
oi
st
ur
iz
in
g
ef
fe
ct

on

10
-p
oi
nt

sc
al
e

G
ro
up

1:
cr
ea
m

w
as

m
os
t
co
m
m
on
ly

us
ed

du
ri
ng

di
se
as
e
re
m
is
si
on

pe
ri
od

fo
llo
w
in
g

ef
fe
ct
iv
e

an
ti
in
fla
m
m
at
or
y

th
er
ap
y

G
ro
up

2:
cr
ea
m

w
as

ap
pl
ie
d
ar
ou
nd

th
e

lip
s
in

ca
se

of

ch
ei
lit
is

ag
gr
av
at
io
n
an
d
in

co
m
bi
na
ti
on

to
pi
ca
l

ph
ar
m
ac
ol
og
ic
al

th
er
ap
y

E
ffi
ca
cy

of

m
oi
st
ur
iz
in
g
ef
fe
ct

of
Pe
rf
ec
to
in

w
as

sli
gh
tly

hi
gh
er

ra
te
d
in

th
e
fir
st

gr
ou
p
(7
.5

ve
rs
us

7.
2)

O
ve
ra
ll,

no

se
ri
ou
s
si
de

ef
fe
ct
s
w
er
e

re
po
rt
ed
.

In
di
vi
du
al

re
po
rt
s
of

di
sc
om

fo
rt
,

su
ch

as

bu
rn
in
g
an
d

re
dd
en
in
g

G
ro
up

2:

di
sc
om

fo
rt
of

th
e
sk
in

ar
ou
nd

th
e

lip
s
(N

=
4

pa
ti
en
ts

dr
op
pe
d
ou
t)

302 Dermatol Ther (Heidelb) (2022) 12:295–313



T
a
b
le

1
co
n
ti
n
u
ed

R
ef
er
en
ce

In
di
ca
ti
on

E
ct
oi
ne
-

co
nt
ai
ni
ng

fo
rm

ul
at
io
n

St
ud

y

de
si
gn
/g
ra
di
ng

a

St
ud

y

po
pu

la
ti
on

A
ge

ra
ng
e/
m
ea
n
ag
e

D
es
cr
ip
ti
on

of

th
er
ap
y,

du
ra
ti
on

,

an
d
do

sa
ge
;
fu
rt
he
r

tr
ea
tm

en
t

Fo
llo

w
-u
p

E
ffi
ca
cy

pa
ra
m
et
er
s

M
ai
n
fin

di
ng
s

Si
de

ef
fe
ct
s

T
ru
so
va

et
al
.

[5
1]

A
to
pi
c

de
rm

at
it
is

Pe
rf
ec
to
in

cr
ea
m

(7
%

ec
to
in
e)
c

O
pe
n
la
be
l

co
nt
ro
lle
d

pr
os
pe
ct
iv
e

st
ud
y
w
it
h

co
nt
ro
l
pa
ir
s

(R
us
si
a)

G
ra
de
:
m
od
er
at
e

ce
rt
ai
nt
y

G
ro
up

1
(t
re
at
m
en
t

gr
ou
p)

N
=
30

M
ea
n:

3.
4
ye
ar
s

G
ro
up

2
(c
on
tr
ol

gr
ou
p)

N
=
30

M
ea
n:

3.
8
ye
ar
s

O
ve
ra
ll:

ra
ng
e

7
m
on
th
s–
14

ye
ar
s

C
on
tr
ol

pa
ir
s
w
er
e

m
at
ch
ed

ba
se
d
on

ge
nd

er
,a
ge

(±
6
m
on
th
s)
,

de
rm

at
it
is
se
ve
ri
ty
,

to
ta
l
ar
ea

of
sk
in

da
m
ag
e
(±

5%
)

A
t
le
as
t
tw
ic
e
da
ily

ap
pl
ic
at
io
n,

10
–1

5
m
in

be
fo
re

to
pi
ca
l

ph
ar
m
ac
ot
he
ra
py

Fu
rt
he
r
tr
ea
tm

en
t:

to
pi
ca
l

co
rt
ic
os
te
ro
id
s
or

ca
lc
in
eu
ri
n

in
hi
bi
to
r

Fo
llo
w
-u
p

af
te
r

4
w
ee
ks

SC
O
R
A
D

in
de
x

T
ot
al
ar
ea

of
le
si
on
s

Pa
ti
en
t
di
ar
y

T
w
o
dr
op
ou
ts
(o
ne

du
e
to

si
de

ef
fe
ct
s,

on
e
du
e
to

in
fe
ct
io
n)

le
ad
in
g

to
28

el
ig
ib
le
pa
ir
s

Si
gn
ifi
ca
nt

im
pr
ov
em

en
t
of

SC
O
R
A
D

in
de
x,

le
si
on

ar
ea

(o
nl
y

fo
r
m
ild

de
rm

at
it
is
),

hy
pe
re
m
ia
,e
de
m
a,

sc
ra
tc
hi
ng
,

lic
he
ni
fic
at
io
n,

an
d
it
ch
in
g

N
o
di
ff
er
en
ce
si
n
th
e

fr
eq
ue
nc
y
of

us
e
of

to
pi
ca
l

ph
ar
m
ac
ot
he
ra
py

be
tw
ee
n
gr
ou
ps
,

th
us
,

im
pr
ov
em

en
ts

w
er
e
re
la
te
d
to

Pe
rf
ec
to
in

ap
pl
ic
at
io
n
in

th
e

in
te
rv
en
ti
on

gr
ou
p

Si
de

ef
fe
ct
s:

di
sc
om

fo
rt

an
d
ti
ng
lin

g

se
ns
at
io
n

(N
=
1

pa
ti
en
t

dr
op
pe
d
ou
t)

Sl
ig
ht

di
sc
om

fo
rt
,

it
ch
in
g,
an
d

ti
ng
lin

g.

Sy
m
pt
om

s

re
so
lv
ed

ov
er

ti
m
e
(N

=
2)

Dermatol Ther (Heidelb) (2022) 12:295–313 303



T
a
b
le

1
co
n
ti
n
u
ed

R
ef
er
en
ce

In
di
ca
ti
on

E
ct
oi
ne
-

co
nt
ai
ni
ng

fo
rm

ul
at
io
n

St
ud

y

de
si
gn
/g
ra
di
ng

a

St
ud

y

po
pu

la
ti
on

A
ge

ra
ng
e/
m
ea
n
ag
e

D
es
cr
ip
ti
on

of

th
er
ap
y,

du
ra
ti
on

,

an
d
do

sa
ge
;
fu
rt
he
r

tr
ea
tm

en
t

Fo
llo

w
-u
p

E
ffi
ca
cy

pa
ra
m
et
er
s

M
ai
n
fin

di
ng
s

Si
de

ef
fe
ct
s

M
ar
in
i
et

al
.

[3
5]

A
to
pi
c

de
rm

at
it
is

E
H
K
02
–0

1

cr
ea
m

(7
%

ec
to
in
e)
c

R
an
do
m
iz
ed
,

in
tr
ai
nd

iv
id
ua
l,

do
ub
le
-b
lin

d,

m
ul
ti
ce
nt
er

tr
ia
l

(G
er
m
an
y)

G
ra
de
:
m
od
er
at
e

ce
rt
ai
nt
y

N
=
65

R
an
ge
:
18
–6

2
ye
ar
;

m
ea
n:

33
.3
ye
ar
s

T
w
ic
e
da
ily

ap
pl
ic
at
io
n
fo
r

4
w
ee
ks

of

E
H
K
02
-0
1
an
d

no
ns
te
ro
id
al

an
ti
in
fla
m
m
at
or
y

cr
ea
m

(t
w
o
ar
ea
s)

T
w
o
fo
llo
w
-

up
s
af
te
r

1
w
ee
k
an
d

4
w
ee
ks

(v
is
it
s
II
I

an
d
IV
)

O
bj
ec
ti
ve

SC
O
R
A
D

an
d
IG

A

Su
bj
ec
ti
ve

pa
ti
en
t

as
se
ss
m
en
t

Fo
ur

dr
op
ou
ts
(n
ot

re
la
te
d
to

th
e

cr
ea
m
)

SC
O
R
A
D

an
d
IG

A

si
gn
ifi
ca
nt
ly

de
cr
ea
se
d
by

4
w
ee
ks
.F

or

SC
O
R
A
D

an
d

IG
A
,n

o

di
ff
er
en
ce
s

be
tw
ee
n
th
e

cr
ea
m
s
co
ul
d
be

fo
un

d,
th
us

sh
ow

in
g

no
ni
nf
er
io
ri
ty

of

E
H
K
02
-0
1

Pa
ti
en
ts
re
po
rt
ed

si
gn
ifi
ca
nt

im
pr
ov
em

en
t
in

ef
fic
ac
y,
th
us

E
H
K
02
-0
1
w
as

no
ni
nf
er
io
r
w
he
n

co
m
pa
re
d
w
it
h
th
e

co
nt
ro
l
cr
ea
m

Si
de

ef
fe
ct
s:
lo
ca
l

bu
rn
in
g
w
as

ob
se
rv
ed

on

bo
th

te
st

ar
ea
s

(N
=
1)
.

Lo
ca
l
ev
en
ts

fo
r
E
H
K
02
-

01
(N

=
2)

an
d
fo
r
th
e

co
nt
ro
l
cr
ea
m

(N
=
3)

304 Dermatol Ther (Heidelb) (2022) 12:295–313



T
a
b
le

1
co
n
ti
n
u
ed

R
ef
er
en
ce

In
di
ca
ti
on

E
ct
oi
ne
-

co
nt
ai
ni
ng

fo
rm

ul
at
io
n

St
ud

y

de
si
gn
/g
ra
di
ng

a

St
ud

y

po
pu

la
ti
on

A
ge

ra
ng
e/
m
ea
n
ag
e

D
es
cr
ip
ti
on

of

th
er
ap
y,

du
ra
ti
on

,

an
d
do

sa
ge
;
fu
rt
he
r

tr
ea
tm

en
t

Fo
llo

w
-u
p

E
ffi
ca
cy

pa
ra
m
et
er
s

M
ai
n
fin

di
ng
s

Si
de

ef
fe
ct
s

T
lis
h
[5
2]

R
et
in
oi
d

de
rm

at
it
is

Pe
rf
ec
to
in

cr
ea
m

(7
%

ec
to
in
e)
c

R
an
do
m
iz
ed
,

co
m
pa
ra
ti
ve

tr
ia
l

(n
on
bl
in
de
d)

(R
us
si
a)

G
ra
de
:
m
od
er
at
e

ce
rt
ai
nt
y

G
ro
up

1

(i
nv
es
ti
ga
ti
on

gr
ou
p)
:
N

=
38

G
ro
up

2
(c
on
tr
ol

gr
ou
p)
:
N

=
38

E
ac
h
gr
ou
p
in
cl
ud
ed

N
=
22

w
it
h

re
ti
no
id

de
rm

at
it
is

an
d
N

=
16

w
it
ho
ut

sy
m
pt
om

s

O
ve
ra
ll
ra
ng
e:

18
–3

2
ye
ar
s

D
ai
ly
ap
pl
ic
at
io
n
of

Pe
rf
ec
to
in

cr
ea
m

ve
rs
us

de
xp
an
th
en
ol

cr
ea
m

ad
ju
va
nt

to

st
an
da
rd

th
er
ap
y

(i
so
tr
et
in
oi
n

th
er
ap
y)

T
hr
ee

fo
llo
w
-

up
s
af
te
r
1,

3,
an
d

6
m
on
th
s

E
va
lu
at
io
n
of

m
ai
n

sy
m
pt
om

s
of

re
ti
no
id

de
rm

at
it
is

(e
ry
th
em

a,

lic
he
ni
fic
at
io
n,

ex
co
ri
at
io
n,

it
ch
in
g,

fe
el
in
g
of

sk
in

dr
yn
es
s/
ti
gh
tn
es
s)

an
d
D
L
Q
I

H
yd
ra
ti
on

of
th
e

st
ra
tu
m

co
rn
eu
m

an
d

T
E
W
L

C
om

pl
et
e
re
so
lu
ti
on

of
m
ai
n
cl
in
ic
al

sy
m
pt
om

s
in

bo
th

gr
ou
ps

Im
pr
ov
em

en
t
of

D
L
Q
I,
hy
dr
at
io
n

of
st
ra
tu
m

co
rn
eu
m
,a
nd

T
E
W
L
du
ri
ng

th
e

st
ud
y
du
ra
ti
on

Pr
op
hy
la
ct
ic
ef
fe
ct

w
as

pr
es
en
t
in

bo
th

gr
ou
ps
,

re
po
rt
ed

by

oc
cu
rr
en
ce

of

de
rm

at
it
is
.F

ur
th
er

sy
m
pt
om

s

(l
ic
he
ni
fic
at
io
n,

ex
co
ri
at
io
n,

an
d

it
ch
in
g)

w
er
e
on
ly

re
co
rd
ed

in
th
e

co
nt
ro
l
gr
ou
p

N
ei
th
er

ad
ve
rs
e

re
ac
ti
on
s
no
r

ac
ne

ex
ac
er
ba
ti
on
s

oc
cu
rr
ed

(C
)D

L
Q
I
(C

hi
ld
re
n’
s)
D
er
m
at
ol
og
y
L
ife

Q
ua
lit
y
In
de
x,
IG

A
In
ve
st
ig
at
or
’s
G
lo
ba
lA

ss
es
sm

en
t,
PA

D
Q
L
Q
Pe
di
at
ri
c
A
lle
rg
ic
D
is
ea
se
Q
ua
lit
y
of

L
ife

Q
ue
st
io
nn

ai
re
,P

O
E
M

Pa
ti
en
t-
O
ri
en
te
d
E
cz
em

a
M
ea
su
re
,

T
E
W
L
tr
an
se
pi
de
rm

al
w
at
er

lo
ss

a G
ra
di
ng

ac
co
rd
in
g
to

th
e
G
ra
di
ng

of
R
ec
om

m
en
da
ti
on
s
A
ss
es
sm

en
t,
D
ev
el
op
m
en
t
an
d
E
va
lu
at
io
n
(G

R
A
D
E
)
fr
am

ew
or
k

b I
ng
re
di
en
ts
of

5.
5%

ec
to
in
e
cr
em

e:
al
co
ho
l
de
na
t.,

aq
ua
,b

ar
k
ex
tr
ac
t,
B
ut
yr
os
pe
rm

um
pa
rk
ii
bu
tt
er
,C

12
–1

6
al
co
ho
ls,

ca
pr
yl
ic
/c
ap
ri
c
tr
ig
ly
ce
ri
de
,c
ap
ry
ly
l
gl
yc
ol
,
ca
rb
om

er
,
ce
ra
m
id
e
3,

C
or
yl
us

av
el
la
na
,

ec
to
in
e,
gl
yc
er
in
e,
hy
dr
og
en
at
ed

le
ci
th
in
,h

yd
ro
ge
na
te
d
ve
ge
ta
bl
e
oi
l,
hy
dr
ox
ye
th
yl
ce
llu
lo
se
,O

le
a
eu
ro
pa
ea

fr
ui
t
oi
l,
pa
lm
it
ic
ac
id
,p

an
th
en
ol
,p
en
ty
le
ne

gl
yc
ol
,r
hi
zo
bi
an

gu
m
,S
im
m
on
ds
ia

ch
in
en
sis

se
ed

oi
l,

so
di
um

ca
rb
om

er
,s
qu
al
an
e,
to
co
ph
er
ol
,V

an
ill
a
pl
an
ifo
lia

fr
ui
t
ex
tr
ac
t

c I
ng
re
di
en
ts

of
7%

ec
to
in
e
cr
em

e:
al
an
in
e,

aq
ua
,
bu
ty
le
ne

gl
yc
ol
,
C
ar
di
os
pe
rm

um
ha
lic
ac
ab
um

flo
w
er
/l
ea
f/
vi
ne

ex
tr
ac
t,
ca
pr
yl
ic
/c
ap
ri
c
tr
ig
ly
ce
ri
de
,
ca
rb
om

er
,
ce
ra
m
id
e
3,

ec
to
in
e,

gl
yc
in
e,

gl
yc
er
in
e,

hy
dr
og
en
at
ed

le
ci
th
in
,
hy
dr
og
en
at
ed

ve
ge
ta
bl
e
oi
l,
hy
dr
ox
ye
th
yl
ce
llu
lo
se
,
hy
dr
ox
yp
he
ny
l
pr
op
am

id
ob
en
zo
ic
ac
id
,O

le
a
eu
ro
pa
ea

fr
ui
t
oi
l,
O
ry
za

sa
ti
va

(r
ic
e)

br
an

ce
ra
,
pe
nt
yl
en
e
gl
yc
ol
,
so
di
um

ca
rb
om

er
,

sq
ua
la
ne
,x
an
th
an

gu
m

Dermatol Ther (Heidelb) (2022) 12:295–313 305



[35, 49]. Only one study provided subjective
evaluation by questionnaires [50].

Dermaveel, a 5.5% ectoine cream, was
assessed in a multicentric study with 242
patients recruited at 64 sites in Poland [48]. The
age range of patients was from 1 month to
88 years, while the mean age was 9 years, sug-
gesting that the majority was a pediatric study
population. The cream was applied twice daily
for 4 weeks and combined with several other
treatment regimens (Table 1). A total of
238 patients completed the study period of
4 weeks and were included in the analysis. The
SCORAD index reduced from 42 to 25 after
2 weeks and to 15 after 4 weeks (p\0.05
between individual visits). Further, the pruritus
intensity significantly decreased from 5.6 to 2.2
(p\ 0.05) and rating of sleep disorders reduced
from 3.9 to 1.7 (p\0.05). The authors addi-
tionally reported that the number of patients
with severe or mild intensity of all symptoms
was lower after 4 weeks when compared with
the previous follow-up visit after 2 weeks, indi-
cating a continuous improvement of dermatitis
symptoms. Consequently, the number of
patients with regression of lesions markedly
increased at follow-up visits. Dry skin in mod-
erate to severe lesions reduced from 53% to 12%
and from 39% to 2%, respectively. The perfor-
mance of the cream formulation was assessed as
‘‘very good’’ and ‘‘good’’ by 83% of patients, as
‘‘fair’’ by 14%, and as ‘‘unsatisfactory’’ by 3%
[48].

Trusova and colleagues performed a similar
study in St. Petersburg, Russia, but evaluated a
higher concentration ectoine cream (Perfectoin,
7% ectoine) in addition to the standard topical
pharmacotherapy, in a solely pediatric popula-
tion (7 months–14 years) [51]. The study design
also included a control group only receiving
standard topical pharmacotherapy; subjects
were matched based on gender, age
(±6 months), dermatitis severity, and total area
of skin damage (±5%) for higher evidence. The
mean age in both groups was 3.4 years versus
3.8 years. SCORAD index and total area of
lesions were compared with the control group
after 4 weeks of application of Perfectoin to
persistent skin lesions of mild to moderate ato-
pic dermatitis. Twenty-eight eligible pairs were

available at follow-up for assessment. In
patients with mild dermatitis (13 pairs),
SCORAD index significantly improved from
16.6 to 10.7 in the intervention group and from
18.6 to 17.9 in the control group (p = 0.02).
Simultaneously, lesion areas decreased from
5.5% to 2.0% in the intervention group and
from 6.0% to 4.9% in the control group
(p = 0.001). Moreover, significant improve-
ments were reported for hyperemia (by 67%;
p = 0.001), edema (by 31%; p = 0.030), scratch-
ing (by 43%; p = 0.040), lichenification (by
100%; p = 0.001), and itching (by 71%;
p = 0.010). In patients with moderate dermatitis
(15 pairs), SCORAD index improved from 26.7
to 15.0 in the treatment group when compared
with the control group (25.6–19.4; p = 0.015).
Similar to the pairs with mild dermatitis, lesion
area (by 41.3%; p = 0.020), hyperemia (by
44.0%; p = 0.022), edema (by 28.0%; p = 0.03),
scratching (by 56.0%; p = 0.03), lichenification
(by 81.7%; p = 0.03), and itching (by 67.4%;
p = 0.01) significantly improved during the
4 week study period. In all groups, an increase
or only little improvement of dryness outside of
lesions was reported. This was expected because
the study period was in the midst of the
fall–winter period and skin dryness deteriorates
in these months. No significant differences in
the frequency of use of topical pharmacother-
apy agents during the course of the study was
described when compared with the control
pairs. Thus, it was considered that the
improvements observed in the intervention
group were largely associated with the addition
of the 7% ectoine cream in the therapy regimen
[51].

An assessment of an identical study duration
(4 weeks) and treatment regimen (application
twice daily) was performed by Hon and coau-
thors in Hong Kong, Asia [49]. Ectoine (7%) was
applied in addition to topical corticosteroids or
histamine antagonists. Thirty pediatric patients
were recruited, with a mean age of 9.8 years,
similar to the study population in the study by
Wilkowska and colleagues [48]. Objective
SCORAD index significantly reduced from 30.6
to 25.0 after 4 weeks (p = 0.002). Especially, the
Children’s Dermatology Life Quality Index
(CDLQI) greatly improved from 9.9 to 9.2
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(p = 0.097, statistically not significant), the
Patient-Oriented Eczema Measure (POEM) from
15.4 to 11.6 (p = 0.035), and the Pediatric
Allergic Disease Quality of Life Questionnaire
(PADQLQ) from 39.0 to 30.6 (p = 0.017). In
addition, data suggested a reduced need for
corticosteroids [3.8 versus 3.1 days/week
(p[0.05)] and antihistamines [1.7 versus
0.8 days/week (p = 0.0059)]. No significant
improvements were reported for pruritus and
sleep loss. For skin measurements, TEWL
improved (p = 0.035) during the study duration,
while skin hydration, pH, erythema, melanin,
skin tone (individual typology angle), and sta-
tus of Staphylococcus aureus infection were
reported to be unaltered. Compliance for daily
application was rated as ‘‘good’’ or ‘‘very good’’
in 63% of patients. The authors compared the
obtained results with previously generated data
of similar emollients (Restoradom, Ezerra, and
Ezerra Plus). The patient population was
younger, but efficacy and acceptability among
emollients were similar [49].

Marini and colleagues also evaluated the
twice daily application of 7% ectoine cream for
4 weeks in 65 patients, including intraindivid-
ual controls (application of nonsteroidal anti-
inflammatory cream, Atopiclair) [35]. Patients’
age ranged from 18 to 62 years, with a mean age
of 33.3 years. Hence, this was the only study
where children were not included. Objective
SCORAD and Investigator’s Global Assessment
(IGA) describing staging atopic dermatitis
severity were assessed. SCORAD significantly
decreased from 7.5 to 5.3 after 1 week and to 3.8
after 4 weeks in the investigation group (Wil-
coxon test baseline versus week 1 and baseline
versus week 4, respectively; each p\ 0.0001).
Further, IGA scores were significantly reduced
by 0.6–2.2 points after 1 week and to 1.6 points
after 4 weeks (Wilcoxon test baseline versus
week 1 and baseline versus week 4, respectively;
each p\0.0001). Statistical testing for nonin-
feriority revealed no differences between the
creams for the primary endpoint SCORAD, thus
demonstrating noninferiority of the ectoine-
containing formulation.

Patients rated pruritus decrease (assessed on
an analogue visual scale from 0 = no pruritus to
100 mm = worst pruritus) as significant, with

24.19 mm after 1 week and 22.8 mm after
4 weeks (initially 46.8 mm) (Wilcoxon test
baseline versus week 1 and baseline versus week
4, respectively; p\0.0001). Atopiclair is
approved by the United States Food and Drug
Administration (FDA) for relief of itch, burning,
and pain associated with mild to moderate
atopic dermatitis [35]. In summary, this ran-
domized, comparator-controlled, intraindivid-
ual, double-blind, multicenter trial provided
evidence that the topical application of 7%
ectoine cream to lesional skin of patients with
mild to moderate atopic dermatitis markedly
reduced the clinical severity of atopic dermati-
tis, regardless of whether it was measured by
SCORAD, IGA, or self-assessment.

Kudryavtseva and Mingaliev extended their
research question to other skin conditions
associated with atopic dermatitis, i.e., cheilitis
[50]. Cheilitis is a medical condition character-
ized by inflammation of the lips, often associ-
ated with aggravation of dermatitis symptoms.
The first pediatric patient cohort included 35
children suffering from atopic dermatitis, with a
mean age of 1.9 years. The second cohort con-
sisted of 15 children affected by atopic der-
matitis and cheilitis, with a mean age of
7.6 years. Both cohorts applied 7% ectoine
cream for 2 weeks before filling out an online
questionnaire regarding the moisturizing effect
of the cream. The cream was applied on either
the whole skin surface (cohort 1) or the lips
(cohort 2). The questionnaire revealed that the
cream was most commonly used during disease
remission following effective antiinflammatory
therapy in the first cohort. The moisturizing
efficacy of 7% ectoine cream was rated as
strong, with 7.5 points (on a 10-score system
with 0 = no effect to 10 = good effect) in this
cohort. In the second cohort, the cream was
applied around the lips in case of cheilitis
aggravation and in combination with topical
corticosteroid therapy. In this cohort, efficacy
was rated similarly high, with 7.2 points [50].

Retinoid Dermatitis
Ectoine use for retinoid dermatitis as a sec-
ondary skin condition during isotretinoin
therapy of moderate and severe acne was eval-
uated either for management of symptoms
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during the pharmacological therapy (N = 44; 22
patients per group) or for prevention of symp-
toms (N = 32; 16 patients per group). In this
study, 7% ectoine cream (intervention group)
was compared with dexpanthenol cream (con-
trol group) [52]. The age range of patients in the
prevention and management of retinoid der-
matitis study was 18–32 years. Retinoid der-
matitis severity was assessed by evaluating the
main symptoms including erythema, lichenifi-
cation, excoriation, itching, feeling of skin
dryness, and Dermatology Life Quality Index
(DLQI) [52]. All clinical symptoms and DLQI
resolved after 6 months of treatment in both
groups. Hydration of stratum corneum and
TEWL increased simultaneously, with regres-
sion of clinical symptoms within the first
months; especially, excoriation and itching
completely resolved. Skin hydration index
strongly increased by 15.1% (184.9 lS versus
161.3 lS; p\0.05) in the investigation group
during the first month, compared with an
increase of 7.3% in the control group (172.4 lS
versus 160.1 lS; p\ 0.05). Statistical analysis of
the difference between the visit time points is
not provided in the study publication. TEWL
decreased by 23.9% in the treatment group
(6.7 g/m2/h versus 8.9 g/m2/h; p\ 0.05) and by
18.2% in the control group (7.2 g/m2/h versus
8.6 g/m2/h; p\0.05). During the subsequent
months of therapy, no significant changes in
these parameters were observed in either group,
indicating the effectiveness of the prophylactic
use of emollients during systemic isotretinoin
therapy. After 6 months, DLQI reduced from 26
points in both groups, to 4 and 9 points in the
treatment and control groups, respectively [52].

The prophylactic effect of the creams was
evaluated by occurrence of dermatitis, which
was reported to be 31.3% (5 of 16) in the
intervention group and 53.5% (9 of 16) in the
control group. As a result, a stronger prophy-
lactic effect was demonstrated for the ectoine
cream. Again, no statistical analysis was pro-
vided regarding the efficacy of either treatment.
In addition, lichenification, excoriation, and
itching were recorded in the control group but
not in the treatment group [52].

Safety

Safety endpoints were included in all evaluated
studies. Most side effects were discomfort such
as burning sensation [35, 48, 50], tingly sensa-
tion [49, 51], reddening [50], and exacerbation
of skin lesions [48]. In most cases, discomfort
was only observed after the first application [50]
and resolved over time [50, 51].These observa-
tions are consistent with the side effects men-
tioned in the instructions for use of the
marketed ectoine-containing creams. In two
adolescents and two patients aged 2 years with
cheilitis secondary to dermatitis aggravation,
use of 7% ectoine cream was discontinued
because of discomfort of the skin around the
lips after application [50]. Overall, seven out of
455 patients dropped out because of side effects
related to the application of the ectoine-con-
taining formulation (N = 2 [48]; N = 4 [50];
N = 1 [51]).

In the randomized, intraindividual double-
blinded trial comparing a nonsteroidal cream
with ectoine-containing cream for the man-
agement of atopic dermatitis, side effects
occurred equally in both treatment arms. In one
patient, local burning was observed on both test
areas. Two further events were reported for the
investigated cream and three for the control
cream [35], thus indicating no higher risk of
side effects for 7% ectoine when compared with
the control cream.

DISCUSSION

The occurrence of inflammatory skin diseases is
associated with an increased production of car-
bon dioxide and exhaust gases, such as diesel
exhaust particles, that result in air pollution and
high-allergen environments, as often seen in
urban areas of industrialized countries [1, 53].
Thus, it is not surprising that the prevalence of
inflammatory skin diseases is constantly rising.
Inflammatory skin diseases have a significant
impact on the affected patients, not only med-
ically but also socioeconomically [2]. Emollients
and moisturizers are often recommended as
first-line therapy to improve skin hydration and
reduce symptoms such as itching or stinging.
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Mild antiinflammatory properties of the emol-
lients can further reduce reliance on topical
pharmacological therapy [13]. This systematic
literature review was undertaken to evaluate the
efficacy of ectoine-containing topical formula-
tions for their hydrating and inflammation-re-
ducing properties in the management of skin
diseases with an impaired skin barrier. Further-
more, this review was performed to widen the
availability of ectoine-referencing literature for
the English-speaking community, since foreign
language literature is limited to qualitative
translation.

Interestingly, the study population included
in this systematic review reflected a mix of
pediatric and adult populations. Regarding
atopic dermatitis, three out of five studies solely
included infants and children [49–51], reflect-
ing the high prevalence in this population, as
reported in various studies and reviews [5, 6].
Since acne and its treatment is a clinical con-
dition in teenagers and adults, retinoid der-
matitis is only found in adult patients
undergoing acne treatment using systemic iso-
tretinoin [52].

Considering the management of skin dry-
ness and respective symptoms of atopic der-
matitis, a SCORAD score or objective SCORAD
score was evaluated in four out of five studies
[35, 48, 49, 51]. The score significantly
decreased after application of the ectoine
cream, implying an improved quality of life.
This is consistent with reduced pruritus symp-
toms [35, 48, 51], reduced need for itching, and
further improvement of inflammatory symp-
toms such as hyperemia and edema [51]. Marini
and colleagues compared the 7% ectoine for-
mulation with the commercially available
Atopiclair, which has antiinflammatory prop-
erties [35]. With regard to objective SCORAD
and pruritus, noninferiority of the ectoine-
containing cream could be demonstrated in
intraindividual controls [35]. In a Cochrane
review on emollients and moisturizers for
eczema treatment, it was concluded that
Atopiclair significantly improved disease sever-
ity, decreased itching, and achieved more fre-
quent satisfaction when compared with vehicle
treatment [13]. Although no vehicle group was
included in the study by Marini and colleagues,

it can be assumed that the application of
ectoine-containing cream is more effective than
vehicle, based on the noninferiority of 7%
ectoine formulation to Atopiclair. Overall, the
positive influence of emollients or moisturizers
in the management of dermatitis symptoms has
been verified in various studies, as summarized
by van Zuuren and colleagues [13]. Moisturizer
use resulted in lower flares and prolonged time
to flare [13]. Concerning retinoid dermatitis,
promising results of 7% ectoine cream com-
pared with standard therapy using dexpan-
thenol cream could be demonstrated [52].

Especially, results regarding the combination
of ectoine-containing formulations with phar-
macotherapies are of interest, since data from a
meta-analysis suggest that emollients and
moisturizers reduce the use of topical corticos-
teroids and increase the efficiency of topical
active treatment [13]. In two studies evaluated
here in pediatrics only, a reduced need for
pharmacological therapy was reported, indicat-
ing that the amount of corticosteroids needed
to achieve similar reductions in dermatitis
severity could be reduced by applying ectoine-
containing formulations [49, 51].

Ectoine is a bacteria-derived extremolyte
with the ability to protect proteins and biolog-
ical membranes from damage caused by
extreme environmental conditions such as
heat, UV light, high osmolarity, or dryness
[14, 15]. The stabilization effect on the barrier
function of the skin cells has led to the
hypothesis that ectoine increases the resistance
of impaired epidermis and improves its recovery
by increased hydration and decreased TEWL
[16]. Thus, the influence of ectoine on skin
dryness is of particular interest in this review.
Overall, the results from clinical trials presented
in this review are consistent with the already
published mode of action model of ectoine.
However, skin hydration and the moisturizing
effect of ectoine were only explicitly evaluated
in three out of six studies, in which two studies
objectively measured TEWL and/skin hydration
[49, 52] and one study only subjectively rated
the moisturizing effect [50]. Interestingly,
although TEWL improved in the study descri-
bed by Hon and colleagues, skin hydration did
not alter within the 4-week study duration [49].
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This was attributed to the seasonal drier skin in
fall–winter [49]. Ectoine application (7%) for
6 months led to improved hydration of the
outer layer of the epidermis, the stratum cor-
neum, and TEWL [52]. Similarly, dry skin
improved by 51% in the study population
described by Wilkowska and coauthors [48].
Additionally, a subjective evaluation supported
the hydration effect of ectoine-containing for-
mulations [50].

A key factor in symptom aggravation of, e.g.,
atopic dermatitis, includes external factors such
as irritants and allergens. Hence, the reported
clinical outcomes are in line with the results of
nonclinical studies in rats and mice on the
inflammation-reductive properties of ectoine,
which allow insights into the underlying
mechanisms of action. It was demonstrated that
ectoine prevents lung inflammation induced by
carbon nanoparticles via a mechanism involv-
ing the stabilization of macromolecules located
at the outer cell surface rather than an interac-
tion with the external particles [18]. Addition-
ally, ectoine was shown to reduce allergic
sensitization by preventing migration of anti-
gen-loaded dendritic cells to the draining
lymph nodes. This effect might be produced by
either a direct action on dendritic cells or by
suppression of neutrophilic inflammation [29].

Overall, there is evidence that topically
administered ectoine improves subjective and
clinical status of patients affected by inflam-
matory skin diseases. However, these findings
should be viewed cautiously as they are based
on a limited number of studies and patients in
each indication, especially retinoid dermatitis.
Patient population, application regimes, and
treatment duration were also heterogenic
between the studies. In addition, some of the
studies might be underpowered because of their
small patient numbers. This was also reflected
in the low grading score of some studies. Fur-
ther research is advised to confirm the effec-
tiveness of topically applied ectoine and to
define the most appropriate therapeutic proto-
cols (i.e., treatment duration and dosage). Effi-
cacy in the pediatric population has already
been well described in the presented studies. No
differences were found between 5.5% and 7%
ectoine-containing formulations and creams or

emollients; however, no directly comparative
data were identified between ectoine concen-
tration and formulation. Kudryavtseva and
Migaliev included patients with cheilitis in their
study and reported a high efficacy and safety
profile for 7% ectoine containing cream [50].
Since cheilitis affects 80–90% of patients
undergoing isotretinoin therapy [54], it would
be interesting to include this indication in fur-
ther research.

CONCLUSIONS

This systematic review of six studies extends our
knowledge of ectoine and its potential sup-
portive application in corticosteroid therapy by
increasing efficacy in patients with atopic der-
matitis. The majority of studies used SCORAD, a
validated clinical assessment tool for atopic
dermatitis, and assessed very sensitive patient
groups, i.e., infants and children. Moreover, the
combination of different treatment approaches,
such as ectoine treatment in combination with
other pharmacological therapy, showed addi-
tional potential for reducing the need for
pharmacological therapy. The conclusion on
ectoine efficacy on inflammatory skin diseases
is also supported by evidence gained from other
indications such as upper respiratory inflam-
mation [43], allergic rhinitis [42], and irritation
and inflammation of the eye surface [44]. No
evidence on the efficacy of ectoine in other
inflammatory skin diseases such as psoriasis
could be identified, but this might be an inter-
esting indication for further research. In addi-
tion, high-quality evidence, in the form of
randomized controlled trials, might be useful.
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