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The ocular surface is facing various unspecific stress factors resulting in irritation and inflammation of the epithelia, causing
discomfort to the patients. Ectoine is a bacteria-derived extremolyte with the ability to protect proteins and biological
membranes from damage caused by extreme environmental conditions like heat, UV-light, high osmolarity, or dryness.
Evidence from preclinical and clinical studies attest its effectiveness in treating several epithelium-associated inflammatory
diseases, including the eye surface. In this review, we analysed 16 recent clinical trials investigating ectoine eye drops in patients
with allergic conjunctivitis or with other unspecific ocular inflammations caused by e.g. ophthalmic surgery. Findings from these
studies were reviewed in context with other published work on ectoine. In summary, patients with irritations and unspecific
inflammations of the ocular surface have been treated successfully with ectoine-containing eye drops. In these patients,
significant improvement was observed in ocular symptoms of allergic rhinoconjunctivitis, postoperative secondary dry eye
syndrome, or ocular reepithelisation after surgery. Using ectoine as an add-on therapy to antihistamines, in allergy patients
accelerated symptom relief by days, and its use as an add-on to antibiotics resulted in faster wound closure. Ectoine is a natural
substance with an excellent tolerability and safety profile thus representing a helpful alternative for patients with inflammatory
irritation of the ocular surface, who wish to avoid local reactions and side effects associated with pharmacological therapies or
wish to increase the efficacy of standard treatment regimen.

tially excluded from the hydrate shield, leading to the alter-
ation of the aqueous solvent structure [6, 7]. That effect

Ectoine, an extremolyte, is a natural protection molecule
found in bacteria which survive under extreme conditions
of salinity, drought, irradiation, pH, and temperature [1, 2].
Ectoine forms a protective hydration shield around proteins
and other biomolecules [3] that is based on its strong binding
capacities to water molecules [4]. This mode of action is
known as “preferential exclusion” [5]; i.e., ectoine is preferen-

protects proteins from damage and irreversible denaturation
and stabilizes biological membranes [4, 8-10]. In preclinical
studies, ectoine was shown to protect lung and skin cells
against the damage induced by toxic pollution particles and
to prevent the subsequent activation of inflammatory cas-
cades [11-16]. A similar effect was observed in model sys-
tems for inflammatory bowel disease [17]. Interestingly,
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ectoine can stabilize lipid layers in pulmonary surfactants, as
well as the tear film of the eyes against physical stress [18-
22].

Promising findings from clinical trials were reviewed by
Casale and colleagues [23] who attributed topical applied
ectoine effectiveness in upper airway inflammations such as
acute pharyngitis/laryngitis [24, 25], rhinosinusitis, rhinitis
sicca, and acute bronchitis [26]. In addition, several trials
showed efficacy of ectoine in various diseases with barrier
dysfunctions such as rhinitis sicca [27], chemotherapy-
induced mucositis [28], lung inflammation caused by envi-
ronmental pollutants [29], prevention of upper respiratory
infections [30], and atopic dermatitis [31]. Moreover, studies
on allergic rhinoconjunctivitis [27, 32, 33] and dry eye syn-
drome [34, 35] have been published. Among these published
studies, the application of ectoine to treat ophthalmic indica-
tions prompted us to perform a detailed analysis of the use of
ectoine in this field. The ocular surface (cornea, conjunctivi-
tis, and tear film) is a sensitive part of the human body
exposed to various environmental challenges, such as heat,
dry air, pollutants, or allergens. Besides these environmental
exposures, individuals are sometimes genetically predisposed
to—or develop—secondary inflammatory processes.

Allergic diseases, including allergic rhinoconjunctivitis,
are a global health burden. The global prevalence of all aller-
gic diseases is reported to be 20%-30% [36], resulting in a
high pressure on the socioeconomic systems. The Global
Allergy and Asthma European Network report indicated that
cost savings of over EUR 100 billion could be realistically
expected through better treatment of allergic diseases [37].
The 2008 and 2016 Allergic Rhinitis and its Impact on
Asthma (ARIA) guideline supports physicians with a treat-
ment algorithm for allergic rhinitis and conjunctivitis,
depending on the severity and duration of the symptoms
[38, 39]. Pharmacological therapies using oral/topical anti-
histamines, intranasal glucocorticosteroids (INGS), oral glu-
cocorticosteroids, decongestants, and chromones
are—beside avoidance—considered the keystones of allergic
rhinitis and conjunctivitis treatment. Nevertheless, a relevant
proportion of patients with symptoms are still not sufficiently
treated [40-44]. A study reported that about 60% of allergic
rhinitis sufferers in the U.S. are “very interested” in trying
out new medications [45]. Furthermore, many patients are
reluctant to use pharmacological therapies for fear of local
irritations and side effects associated with sedative antihista-
mines, which in turn can lead to poor medication compliance
[46, 47]. Therefore, nonpharmacological therapies with an
advantageous tolerability and safety profile are of interest to
many patients with allergic rhinoconjunctivitis.

Beside the allergic irritation of the eye surface, other nox-
ious influences such as injuries, burn, or physical trauma also
lead to inflammation and irritation of the air-facing epithelia,
the conjunctiva, and cornea. Following the initial damage by
noxae, inflammatory irritation leads to symptoms similar to
the ones described for dry eye syndrome (DES). In most
cases, DES symptoms develop as a consequence of a broad
range of different causes and are not only limited to a preced-
ing surgical intervention (cataract, strabismus correction,
and laser in situ keratomileusis (LASIK) [48-52]), but DES
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can also occur in consequence of environmental influences,
previous inflammatory diseases (chronic blepharitis, trau-
matic erosion of the cornea, keratitis of various etiologies,
etc.), wearing contact lenses, and taking certain medications
(anticholinergic drugs and antihistamines, alpha and beta
blockers, antipsychotics, etc. [53]). In all mentioned cases,
the initial disturbance of the eye surface is followed by a
period of irritation and eye surface discomfort which con-
tributes to a reduced quality of life. Together with the appli-
cation of needed medication such as antibiotics (in case of
surgery), steroids (in case of inflammation), or lubricants
and wound healing promoting agents, the eye surface dis-
comfort must be treated and a faster restoration period must
be promoted.

Following the initial controlled trials on ectoine treat-
ment of allergic rhinoconjunctivitis reviewed by Eichel [54]
and first documented ectoine treatments of DES [35], several
real-life, interventional, or noninterventional trials with
ectoine-based eye drops have been conducted. In this article,
we reviewed the literature regarding the treatment of irrita-
tions of the eye surface in the context of various indications.
We focused on the ectoine treatment of allergic rhinocon-
junctivitis and postsurgery treatment of ocular irritation
and discomfort. The systemic review presented here is aimed
at investigating the evidence on the use of this interesting
substance for topical treatment of ocular surface irritations.

2. Methods

2.1. Objectives and Search Strategy. For this narrative review,
the literature search was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) statement [55]. Primary databases
were PubMed, Google Scholar, and Ovid. Initial search lan-
guage was English. After the search in Google Scholar and
PubMed that reported different articles on Ukraine language,
we extended the search to Elibrary.ru and the National
library of Ukrainian and Russian/Ukrainian language. The
country of origin and languages were not limited. The time
period was set to the beginning of 2010 until 22 July 2020.
The following search terms/medical subject headings
were: “ectoine” and “eye drops,” “ectoine” and “allergic con-
junctivitis,” “ectoine” and “eye irritation,” “ectoine” and
“allergic rhinoconjunctivitis,” “ectoine” and “eye burn,”
“ectoine” and “wound healing,” “ectoine” and “eye,”
“ectoine” and “LASIK,” “ectoine” and “Glaucoma,” “ectoine”
and “cataract,” “ectoine” and “eye surgery,” and “ectoine”
and “postoperative.” Studies published in peer-reviewed
journals or presented on scientific congresses, reporting data
on the role of the topical administration of ectoine eye drops
to treat various irritations of the eye surface, were included.
Studies related to other applications were not considered.
Additional literature was found by reviewing the reference
lists of the selected articles. The authors then independently
assessed each publication and excluded those whose content
was judged not to be strictly related to the subject of this
review. They included only clinical trials where 2% ectoine
eye drops were applied, controlled or uncontrolled, and
interventional or noninterventional into eyes which were
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Initial database search
results “ectoine”

(up to 22 July 2020):
PubMed = 504
Elibrary.ru = 885
Google scholar = 6850

Refined search strategy to
combine “ectoine” with “ocular
irritation”, “post-surgery”, “eye
drops”, “allergic conjunctivitis”,
« I »
woundhealing” “eye burn
“conjunctivitis”, “LASIK”,

cataract”

27 identified reports

Excluded from review:

(i) No citeable reference found (2)

(ii) Studies with application of
0,5% ectoine (8)

(iil) Meta-analysis (1)

16 trials selected for review|

F1GURE 1: Flow chart of the literature selection process.

irritated by various reasons. Reviews, systematic reviews,
meta-analyses, retrospective medical record reviews, case
series, preclinical or observational studies, letters, editorials,
technical notes, errata, and reports of pooled data were
excluded (Figure 1).

2.2. Search Results. At the end of our selection process, 16
clinical studies [33, 56-70] were included, investigating the
potential role of ectoine in allergic conjunctivitis, vernal con-
junctivitis, functional epiphora, and irritation of the eye sur-
face after external noxae/damage in a total of 1795 patients.

2.3. Study Design and Study Population. Except one trial [65]
all were real-life studies investigating the application of 2%
ectoine eye drops in different settings over a period of up to
6 months, either as monotherapy or in combination with
other interventions.

Patient-reported outcome (diary) was used in all studies.
The scores for patient reported outcome differed greatly in
the method of reporting: from combined scores for all symp-
toms to individual scales for up to 8 symptoms. The sum-
mary scores were also calculated differently in the analysed
studies. In addition to patient-reported outcomes, several
trial and indication-specific parameters were measured and
collected, such as wound closing time, reepithelisation time,
or tear production (Schirmer test).

Regarding the study medication, an eye drop formulation
with 2% ectoine, 0.35% hydroxyethyl cellulose, 0.35% NaCl,
citrate buffer, and water was applied in all except one study.
This study [71] used a formulation of 2% ectoine, 0.2%
sodium hyaluronate, 0.35% NaCl, and water.

Used comparator products were systemic or local antihis-
tamines [33, 68], standard of care (variety of drugs according
to national guidelines), placebo [65, 72, 73], and fluoro-
metholone [61].

The overall study design differed greatly between studies.
Most of the studies did not comment on randomization
(9/16). The number of study arms ranged from single-arm

trials (n =4) [56, 59, 62, 63, 74] over 2 armed trials (n = 10)
to one study with 4 arms [70]. One study used historic con-
trols [61].

A total of 1795 subjects were studied in the 16 different
trials. Of those, 1225 applied ectoine eye drops during their
respective observation period. Four clinical trials specifically
studied the effect of ectoine in children and adolescents
(524 subjects in total with 492 using ectoine eye drops); the
youngest child included was 2 years of age. Two other trials
included children and adults but did not publish the age of
the participants. Fourteen of the 16 studies included both,
males and females. Two studies included only male patients.
Most of the studies were performed in the Ukraine but also in
Germany, Poland, Canada, Spain, and Italy. Details on the
studies can be found in Tables 1 and 2.

3. Results from Included Clinical Trials

3.1. Safety of Ectoine Eye Drops. All 16 studies evaluated the
safety of ectoine eye drops. This is of particular interest since
very sensitive patient groups, like children from the age of 2
years and patients with a very recent eye surgery, were inves-
tigated in some studies. In detail, 4 studies especially treated
children and adolescents with ectoine eye drops, and 2 stud-
ies evaluated the eye drops in children, adolescents, and
adults. None of the studies reported a serious adverse event
(SAE). Only a small number of adverse effects/adverse events
(AEs) were reported. All authors attributed an excellent
safety profile towards the ectoine eye drops (Tables 1 and 2).

3.2. Efficacy of Ectoine Eye Drops (EED). The 16 studies
reviewed can be divided into two main groups:

(i) Studies investigating treatment of allergic conjuncti-
vitis with EED [33, 56, 57, 59, 62, 65, 68] (Table 1)

(ii) Studies investigating treatment of nonspecific irrita-
tion of the eye surface with EED [58, 60, 61, 63, 64,
66, 67, 69, 70] (Table 2)

4. Discussion

4.1. Study Design and Available Information. This review
showed that ectoine eye drops (EED) have been successfully
applied in a range of clinical studies covering different indica-
tions. Many of these studies are not yet internationally pub-
lished (especially the Ukrainian studies), and detailed
information on some of the studies (8 out of 16) was not
available, as only presentations from scientific congresses
could be obtained and reviewed. Therefore, an in-depth anal-
ysis of the presented data was not possible for these studies.
For most of the studies, information regarding randomiza-
tion or blinding is missing, nor do entries in international
study databases exist for 14 of the 16 studies. However, the
combined data from fully published studies together with
the data from conference presentations allowed a review of
the application of EED in nonspecific irritation or inflamma-
tion of the eye surface including allergic conjunctivitis.

All 16 studies reviewed here applied an eye drop formu-
lation with 2% ectoine as key ingredient. As 15 studies



BioMed Research International

“dnoig sunsepze
o} UI %86'F1

£q pUE oroc Juawadpn( LyIqeIa[o) Kep
Pa1IMd20 VS 94 PU® %96°5Y quowedpn( £oeorge  1od 201M) TROq ‘Aeads
. £q dnoid sutopa o1y . . uonestqnd
oN ‘dnoi3 SSNLL ‘SSO.L ‘Suryoyr  teseu ynd 1 ‘doap 4o
Ul PaseaIdop sanfea - . . ; ) Pamaradx
aumse[aze o) (ounseroze ajere Gurres) Surgoyn 1 :(T/SWI°0 01 $0°0) s1eak 9z ERaliceltii oo
Ul PaLImnod0 mwmw% ( : |~ 343 ‘snanoun(uod sumsepaze 1o ‘Aep G¢:8eueopy  :dnoid sunsepzy ‘paffeqer-uado SIATOUN(UOD0UTYI Ao d
9 pue e Wwoo 0 - d Suryoy [eseu 1od soum ¢ ysou 1od  erw :8uerafy gz :dnoad ourolpy  [euonjuLAISUIUOU o181y . O
dnoi3 suro10o Q9T 10 T00°0>9) g5 edoyrrouryr  Aeids feseu atp jo ynd s)npy sjuanyed gy ‘pafionuo) Lec]
: sdnoi3 yyoq ur zA 03 : : : $10C “Te 30
Yy urg UOT)ONIISqO I pue 24s 1od doxp
. TA woIj Apuesyrudrs . TOSTBIP[IO M
[e10) UT STV 8 [eSeu jo Juawssasse  9£d T : QAT YIS M
PosEaIop JUIWISSIsse juaned pue 101e80S9AU]  JUSWIRII) JO SAep /£
107eS1)59AUT Hedp : 3 P
3 U SSO.L YL
(1200 =d) 4o
Ay, pue (0200 = d)
S4a L17eM |
10§ Jo1[o1 193813
B (M ‘ogaoed
M UBY) JUSUIILIT)
aUT0)03 Id3Je PadNPaI
a10w a19M swojduwifs (SSNNLL)
"PAaLINDOO JYS  Je[NOO [enplAIpU] 2100§ woydwAg (Lep
ON ‘payiodax "dnoig oqaoerd [eseuuoN [e30], {(SSO.L) 1od sawm ¢) jusuneary
IoM STV oy} ur (%8°G1-) 160 2100 woydwAg JenoQ  skep T ‘sdnoid ay jo (pardaooe
Gjuowneany  F60HI 03 pue dnoiS  Te10], (SSNL) 9100 I9AO0SSOID ‘(JUUIBII) o 08 ues I9A0SSOID jduosnueur)
oqaoerd au10309 oy} Ul (1000°0 woldwAg [eseN [eI0], INOYIIM ooMm ' W 3[qNOp “p3[[0IIU0D uonejuasaid
: : : s1eak SOIATOUN(UOd0UTYT :

Sutmq =d ‘%¥¥2-) 1670 oyered/red T) Ino-ysem ‘(Kep o oSuer 58 sjuanyed of -oqaoerd T 8o, : 90ULIYUOD)
JUAUNEAI)  FH9'T 03 pasearddp  Ayoir 4o pax 9s Aypyr  1od souumy ¢) [01U0d =9 Nmm. N v ‘puI[q-3[qnop wRIY epeue)) [59]
SNA/Qad Apueoyrudis 9ha L131eM “9sou Auumni 10 (SNH) Aeadg nnpv ‘pazrwopuey 1107 “Te 30

Surmp SSO.L oYL 9sou Ayoy ‘uonsaduod  [eseN oul0)q/(dH Yorederes
paytodar ‘0qaoe[d 03 pareduwrod [eseu ‘Gurzosug IO M

SV 9 uayMm (DIH) _PUW02IN0 jusunyean jo skep y1
Joqureyd a1nsodxa parodar yuaneq
[eruswLIadx
yusunearysod uump
$2100s swoydwhs
Ie[ND0 [[BI2AO JO JAT[oI
1038213 ® paouaLIadxo
JUSWDI) JUT0JOD
Surare0ar syuened
uonesrqnd
10019 apT! (swoyduds s1o)owrered £oed dow Mwwoﬁwhww MMMM@M%@ Mwﬁﬂumwﬂﬂ uSisop Apn uonesIpu jo adky pue
12289 9PIS Ie[noo) surpuy urejn } Wi Hemp A v 8 wonnqrstp 59p APMS HEIPUL ‘A1unoo ‘reak
I ! J0 uondrosag uonendod £pmyg jusneq P

‘A9 YIm spIanoun(uod o131se Jo jusurieas) ay) Surdpnis S[eLL], ;] 419V ],



BioMed Research International

[ [ A ¢ A
poo3d [eAn)oUN(U0d [eanoun(uod 243 auo) paquosaxd co-g1 a8ue1 38y (0g) dnois sutorg Emoxﬁi&izoa P ——— oduayoLoI],
paouarradxa 10J $21008 Jo swoydwifg SB JUaUI)EdI) s suusned pafonuooun 81 pue
sjuonjed [[y oy} QUOUNLAI) IOYY  PIPN[OUI JUSWSSISSY 3o skep $1-/ PV yusned O¢ QJI[-[eay wRIY eukyzyzoi(g
JUSWIIISUT
1e sdoxp a4s Jo soueId0}
osd) poer | T© arreuuonsanb yomb
(1000°0 > ) p23 ‘(uonyesuas £poq udra10y
10)39q Apueoyrudis
. pue eiqoydojoyd
sem aur0309 ‘Suner Kep 1od sowmy
: : Burreay Guryoyr :
AMIqersto) uf 'suoseas : U ¢ 945 10d doap 245
ured 1enoo) Jurped ) uonejuasaid
PBIE UL ONA o nondunds | (%S0'0) UIRORY szeak ((49) (OMA) 2IUDIAJUO
pariodar Jo swoydwids pue ﬁ:m QMUw wnobo w0 Kep G'g :ode ueoy dnoid ugynojey]  PaY[OTIUOD ‘SIS AL thwdo oo m " mU
QUON sugrs Suraoxduwr ur P 5 AﬂﬁoE. Sur w Hmm 1ad sown ¢ 9o 1od  eru:aSueray  (gg) dnoidourolpyg ases sanodadsonsy HAn ME.M Ve . 121
9AT}OI[Jd Te (UDJII03Y paypou) Sutp dop oo 1 :ouro1og  WRIPIIY SN sjuanyed $9 TPU19A [25] y10z
o ) DA “9[e3s PIOJXQ “Te 32 u3aqY
9%G0°0 PUE U100 . Judw e
%¢) syuauean) paypows ‘owi dn Jo syjuouwr 9
\MN et pomons 1A 163 ‘erwoeradAy
hoq yey) pamoy [eanoun(uod
MOIARI SILIS ISBD AT,
asnyIp 10 [0
:suSts dure[-1ys DA
PAPNOUT JUIWISSISSY
21008 wojdwss
JO UOTPONPAT 9G] ©
pamoys axreuuonsanb IO wu:msv AL
UOISIA “XoPUT ISBISIP
SATUUOADIA .
. 9BJINS IBTNOO )$9) UTE)S
$109]J9 3SIDAPE swojdus
245 urdosazonyy YIm
M3J £T9A Ie[ndO [enplAIpur uonejuasaid
uoneururexs durey s s1eak
)M poog sem  Jo asea109p JuedyIuIs omssard 1e/90 eAUI Aep 1od sowm 03 dn 2S¢ ues eT— 90ULIJUOD)
SIIATOUN(U0D B pUB “@WPIO moe m:m;ﬁ S1o1100 345 12d doap a4s suQ 8V .m.:mo " W (0¢) dnoi3 suroyog [ ooraqe! snIAndun(uod ‘puerod (9]
o1319e P1[o4s Jo woronpar v [ENSIA Pay jusunean syuanyed (¢ PIIPPI o131y 810C “Te 0
1529q ‘5309J9 9SIPAPE pue G/-1¢ :98ue1 9By -uado wre-s[Surg
M syuanjed  pue UOTIORAI TR[NOI[[O] e Jo skep Tz-%1 Mourwoy]
>uabIe dnnaderay) SINpy
ur 90UeId[0) JO uonOnNpaI e “eMII
. Jo uonjen[eAd
JUSWILdI],  ‘SSAUPAI [eApouUN(uod ;
aareuuonsanb
10§ JuawraAoxduur : ’
SATUUOADIIN
jueoyrudis
PAPNOUT JUSWSSISSY
0} Pa[ U030
)M JUDUIRAL],
juedyTudis
jou 21oM sjuarjed
Aq possasse se sonyea
SSO.L JO sasea1da(
a3esop pue a3e ueay Jusw)edI} uonedrqnd
(swoyduuLs . . Jo odfy pue
SEENEIE N S s1o1ourered Aoeorgg aoﬂﬁsvm Adeoyy omawa MWN 33 UOTINQLIISIP uisop Apmig uoTedIpU] A1yunos Teak
J0 uondrosag uonendod £pmyg judned ‘ssoqmy

‘ponunuoy) T 414V ],



BioMed Research International

‘dqe[ieAe jou re'u

3sIn0d I3 snorasxd
0} IR[IWIS © PRy %67
pue “I12)e[ SyjuOw

sdoip
ofo oty 0y € s3np ?u_moW %) sypene a1 aednrw
Papasu 967 ‘steak
UONIRRL [BI0] /i d oy poreduwon 03 10 sasde[o1 DY A (Lep s1eak uonejuasaid
BJOISNEIQ e peypeyg JO UOTEAND AU Ud3I0US 1od sowm ¢ 9k rod gz :a8e ueoly SATIOUNI0501810 90UDIUOD)
1 dois 03 pe wLsh CpAms =) sdoxp a4s aur0100  doap 245 1) paquidsaxd s1eaf O] 761 Pu1030q aAnpadsonay Hrpoun: e “ATeay
PPE cem nq quouneas) [eUI A I
PR 1 ATuo o dsopio JO UOIjeIISTUTUIPE se owm) juounear) o) dn :a8uer afy ‘[9s] 810T
pue ‘pajemoy w.ﬁ 0115091110 aanuaadxd Jo syjuowr 9 uIp[IYD “[e 30 uSaqy
oM sem : ; 3]} JO JUIWSSISSY
wouEe Y. [eordoy papasu
} %8¢ ‘DA Jo asdepar
ou pey s3o9(qns
PapnUI 3y} JO %8
(50°0 > d) dnoid UOTJRQI20BXD
spodor sew 101000 2 paredwod  swrojdwuks a19A0s = JO JudWowW
W domp ok oyy Y Apueoyrugis ¢ swoydwids syeropowr 9y} WO JusUIIRdT)  B'U 98 URSly (o1) uonesrqng
o uwnﬁo om pasoxduwr ewapao = ¢ ‘swoydwLs prrw [euonipen :dnoid s1eaf aIed JO pIepuerlg SR sIAOUN(OD Quren|n
3 poos ! pue ‘erwoeradAy =1 ‘swoydwi4s ou = () [onuod paquosaxd  gp-¢1 :o8uer a8y (¥7) 2182 JO .@W%EO@S& ’ .B.m.saw (89] £10T
e Dortodon [eAnjoun(uoo :3[eds S UOTJeqIooeXd sympe pIepue)s + aur0)og : ‘ ‘BAOJOWEPIIG
P uo Suryoyr remoo yutod-f & uo passasse  Surnp pue swordwis  pue s1UAVSI[OPY syuanyed F¢ pue yAudAn|g
gV °N Jo swoydwids a3 a1om swoydwifg JO J9SUO 910Jq SYom
‘dnoid su10309 a3 Uy 7 :dnoid surolog
Apms a3 Jo pud oy Je
syuaryed gz ur paAjosax syuaned
Aparerdwod pue a1} £q pajuaumo0p
(10°0=d) syuoned  a1om Jurypyr TBMOO pUE
0¢ e ut pasoxduir UOTJRTILIO®] SEAIIYM
Apueoyrudis ‘syst3ofourreryydo
pariodax SEM BUWAPIO PIAT *( oy £q
Suraq 600 > d) Apueoyrudis  pajen[eAd aIOM BWIPIO
$109JJ9 9PIS OU  PISBIIDIIP UOIIBUILIDE] pue erwoerodLy
i ‘sdoxp pue ‘ewWIpa0 [eanoun(uo)) “Guryoyr uonesrqng
243 auroyoo pIe4s Guryoy Ie[NO0 PUE ‘UOTJBWILIDE] (Lep 1od sowny et :a8e uedN Quren|n
0) 0UBIS[0)  IeMO0 ‘erwoeIddAy ‘erwaetadAy % 03 dn 240 10d doxp s1eaA ‘651 s102
o3esop pue a8e ueay jloc]eest=hl uoneorqnd
(swroyduids . . Jo ad4£y pue
30939 IpIS B — s1ojowrered Aoeoyyg uonjemp ‘Adexayy s8uer ady 33 UOTINGLIISIP ugisop Apmig uonedIpu| Arunoo Teak
I I Jo uondusag uonendod £pmyg juaned D—

‘ponunuo)) T 414V ]J,



BioMed Research International

Jo Aymoe [ensip JO Isqumu pue
"(50°0 > d) 1o1[TRD amjeu Loedo eaurod
sfep 7' uoneWWEUI Y} Jo AJISUUI pue
ajeUTUIT 0) pamo[ie  ‘uoneziferppYIIds a10jaq

aIed JO pIepue)s 10j

paquosaxd se :onuoy  ‘e'u :a8e U (57) Juounran

Jo pIepue)s

uonejuasaid
90UDIUOD)

payiodar asn aur03oq 'skep F-¢ & aun) quawraAordur Aep stead wounan jo  PoHONU UIBHO JudIaPIp Qureny ¢
1V ON 101 SAPP B Aq B3 : 1ad sawn H-¢ U100y £G-81 :98uer a8y (¥7) Juounean § andadsorg Jo suinq [[eqedq renin °[99]
sayer uoneziperayde aATR(qns pue e s pIepue)s + auro)dg £10T ‘ea0yeqe],
PaUSLIOYS UT PaY[NsaI  2A1}02(qo Jo uorjeIp h Py sjuaryed 6F pue eysAdyzIes
jusunean) jo skep 1
Aderoy) paurqurod oy} £q pajenyead
-doxp o£o aur0300 oY,  SEM 3093 [eDTUTD Y,
syurod -
%0¢ ut pue ‘sjuaned jo
90, ut yutod 1- dnoid
puooas a3 ur ‘syuaned
30 %001 ur (syutod ) 91008 2AT}O2(qNs
juaredsuer) sem BOUIOD B AQ SWOIPUAS [BIUIOD Aep sowmy uonejuasaxd
. s1e9k (01) areuomyeAy SNU0J0JRIY :
o) dnoid 3s1y a1y a1 Jo £311aA9s o) ¢ :9)euomMBAY WNIPOS paronuod 9OUIAYUOD)
pajrodax . ) . : - ¢ :98e ueay wnipos paoueApe ym .
ur ‘qyuow e 1)y ‘shep AyderSowo) souoroyoo Aep rod sowm ¢ outoppy 7 10yeredwod uren|n
qV ON eu :aduer oy (01) 2uro30g syuaned ur porrad
£ 1913 syutod ' pue  [eondo £q paurtuiIg)op awm Andadsorg [69] £10T “T® 32
(srewr) s;MpY syuanyed $¢ aaneradoysod Ajreg
aferoae uo sfep ¢ pue  sem uoneziperyds JUSWIedT} YIUOW- | oyYuawms )
¢ 10y¢ dnoid [onuod [eauI0D)
3} UI UBY} JOMO]
syutod 7'z sem dnoid
3UI0399 3} UT £JLI2AS
SWOIPUAS [eaUI0D Y,
(500> d)
dnoi$ sur0300 a1y
ur 1o8uons Apueoyrudis 21098 © 1O
1nq ‘sdnoss aseq eiqoydojoyd pue
J0q UT Pasearddp vk 4 erqotdoloqa p
S[PAS] D pue $SAUPAI [eATOUN(U0D
12491 ‘539008 243 a3 JO (o1) dnoid
2U10)02 JO I-T1 (10°0 > d) sdnoi3 . s1eak uonesTqng
Ayderdorper ureld pue  paquosaid se :o13uo)) L 31D JO pIEpUER)S Amf(ur Sunensuad :
asn 2} woxj J0q UT Pasearddp 3 901 :98e uealy pa[[o1u0d suren|n
uorjeuruex? jo[oraenm Aep 1od sown § :9u10309 (1) dnord ares jo | & Sumorog .
paAIasqo o1om asuodsar L1ojewrwepur < do & Ssjudsa[ope aA1padso1g d [£9] 10T
190159 9PIS ON 511 J0 Aa1onds doosowreyyydo Afrep  awuny JusuuyeaI; yoom-| X USIPIYD pIepue)s + aurojoyg sn1oAn ondasy [e 30 nApIos
B9 P! o cerpaur [eondo pue 943 : syuaned §¢
3} pue paAIISqo q
sem sdnoi3 yjoq ur ot} JO e JUOY A4 JO
: Adoosoxotworq ‘Aymoe
syuanyed [Te Jo uonpuod
o4 ur JusteroIdw [ENSIA JO JUSWISSISSY
ue Juau)ean)
Jo Aep |38 a3 UO
aSe ued 06100811 uoneonqnd
1092 2pIS (sworduids s1o1owrered Aoeorgg 2Besop pue ‘uonemp aduex omﬁw 3 Wo:suebum:u udisop Apmig uonedIpu[ jo 2diy
: Ie[noo) sdurpuy urejy Ade1o) Jo uondrosaq uonemdod Apmg E.oﬁm.m ‘ : AR pue ‘Anunoo

‘reaf ‘sroyny

"90BJINS 949 YY) JO UonEWILIEUI 10 UonelLLI dyadsuou ur (qgq Suid[dde sopmig iz a1av ],



BioMed Research International

£3ofoyyed aoejans

Aep 1od sowm
¢ au10329 :¢ dnoin

Areyuowdrdwo)
aur0109 :7 dnoin)

JeaM SU9T 10eju0d

245 opeumen; gim §189) dTjsouder Kep 1od souut sonjorquue 9[[01IU0D 0} 9Np SUIOIPULS uonesTqn,
as[doad ur uononpoid 159 P b B 1¢ :98e ues]y (57) sonotqn porion } P P Heland
pariodax ‘sarpmys ordodsordtwiorq G aur0309 :g dnoin sondasnue 1oreredwos 945 A1p Arepuodas Quren|n
Ied) 9SQIOUI pUB WY : U : 0%- 81 :98uer a8y SR . . .
SUON ooy 1eat001d 5U1 10 syurejdwod jusneg Aep 10d soum . :Aderapy sdnoig pue ooepms 243 o) [0£] 8T0T “Te 12
:o%mwzmﬁaoq uvwwow g bapnpurjuaussassy ¥ 2u10103 :T dnorn s [euonIppY ¥ a1adsord  Jo saum(ur onewmnen) eARNSAOITA
sy uow + 2ur0309 :T dnoiny JO JuBuIjeAL],
sdoxp a4s auro)oyg
€ SEM JUIT) JUSTU)BAL], sjuaned 001
ypuowr
T 12)3e eATIOUN(UOD
1) UO PaAIaSqo
SEM IBDS 3]qBadTIoU
A[reapd e dnoid jonuoo
) UT S[TYM “YJUOTW JUO 1008 o)
B uremy Y Jo 3urroos £q £193ms
1937 dnoid aur0109 a1y ‘
1) Jo)Je SYIUOU ¢ £1381ms snwsiqens
ut a[qridooraduur Jsoure
PUE JIUOW [ PIJeN[eAd I PaATDAI OYM
SEM (J09J2 DTJOUISOD) eu 98 uedN I2A0SSOID
SEM 109JJ0 dToursod aYJ, Ppaqudsaid se :jonuo) U2IpTIY> Ul potrad uonesTqng
Je0s aAnjeradolsod s1eak o3urs
paytodazx : -aSreyosip pue Aep 10d sowm ¢ :aur0307 safo : aaneradoysod ay) Jo Quren|n
9y, "'UOT}eUIUI[JUT i : ‘ 81-7 :a8uer a8y ‘pa[oTu0d i G
AV ON UOT}RUILIDR] “BUISPIO aum $9z/s1uened ¢ SIWOINO OT)IWSOD [#9] 8102
Jo sudis ou jsowre . SJuadsI[Ope 1ojeredwod .
- eruroe1adAy :so110801e0  JUSUIEAT) JO SYIUOUT ¢ pue uonoear e 32 A0AY
nm (€0°0 S d) sep 1¢ 39 UIP[IYD anadsoig
¥ ur Surroos aAnda(qns A1oyewrurepjur
1938 dnoid aur03o9 oy N U :
BIA POUIULINOP Sem Y} JO 35IN0D A,
ur 19339q Apueoyrusis
Uor)oea1 AI0jRTUIRUT
9IOM 21008 [BIIAO pUE
) . a1} Jo AJ11aA3s oY,
a8 1eydsIp ‘woTjEULIOR]
‘sdnoig yroq
usomaq £1931ms 1033e
snje)s ATojeurureqyur
Te[Turts 10y
dnoiS onuoo
oy ur uey dnoid
2UT0}99 3T} UT UOUITIOD
SS9 %677 sem Kyoedo
[BOUI0D ) JeY) PIMOYS
$199JJ0 218[ oY) JO
stsdfeuy "dnoid jonuod
ay) woy syuaned jo
Jet)) uey) YSIY 0%7'cT
sem dnoid ourops  juswrasoxdwur uonduNy
ay} wody sjuaryed 243 pue ssuonyeorduroo
ae ues jusTI)eaT) uoneonqnd
$199]J2 apT! (swopduifs s1ojourered £oes oBesop pue ‘uoneinp a8uer omz uoTNqLIST ugisap Apn uonesIpu jo ady
12282 2PIS Ie[noo) surpuy urejy } Wi Adeiar jo wondrmsag v 8 TORNQLISp 1S9p Apmis HepUl pue ‘Anunod
: : o uonendod £pmyg juanyeq . .
100 ‘sToyIny

‘ponunuoy) g 414V ],



BioMed Research International

e pue ‘erqoydojoyd
UOTJRUILIOR]

‘ured 910JUI0DSIP snpunj
uo syurefdwod 31} JO UOTJRUTUIEXD wonerssard
ss3] yim dnoid urure)s uredsaION[J paquosaxd se axed ‘e'u 93 uBdy hey
: o : : (0g) TonuoD UOISOId [BIUIOD 90UDIJUOD)
pajrodar aUT0)09 3y} Ul skep (eaur00 pagewrep JO pIepue)s/[01U0D) s1eak paronuod .
(0s) auroldyg sneumenjsod auren|
QUON ¢ pue dnoi3 jonuoo o) oy Jo wonezippidesp  Aep 1od sowm § auT010g  (£-F¢ 2Suer a8y staned aa1dadsorg o USUIIEST “[09] “e1s
ur sep ¢'G 103y oeroae  Jo eaxe) Adoosodrwiorq  SAep T own) JUSWI I S)m wuened 08 jor JeaLL 091 810 " ¥
FsAep 7 J rolq p I L [OPV eAeysrotpioI0n)
UO PaLINDO0 LIUI0D “£ymoe [ensia
paSewrep oy Jo 109jop  JO UONRUTWIEXD A[Tep Y
ay jo uonezrpPyiide
9jordwod ay,
dnoid
aUT0)09 AU} UI 9() 0}
paredurod 110jurodsIp Aanyoadsar ‘syoom
parodar dnoid Y 2y Joye Guow YYy pue y1anoj ‘pay
[fonuoo ayy ur syusnyed 31} J0J AUI01I9 %60
auo pue Aep puodas Adeioy
3y} JO %' ¢ “Yruow Jo doxp auo ym Lep
! 31} UO (JIOJWIOISIP pue . Aoyeururepyur
1 193y "dnoiS onuoo B SoWI} ¢ pue ¢ § pue (z1%) uonejuasaid
] ‘ssauk1p ‘Apoq udrai0j : ) _ -njue duTEseq
o) UT 5243 (9%71°09) ©QUI0)02 94G°0 M Aep  e°U :a8e UBIIA dnoi3 [onuop paronuod 90ULIYUOD)
parrodax Jo uornesuas) sjuaned o M paredurod
8% PUE dUI0109 Y} UI B SOWI) G- Yoom puodas  e'u :dfuer oy (FL£) 103e1RdWIOD Qurenyn
JUON sa£3 (%F'9/) ?s. Jo uonen[eAd aAn3(qns 9y} WOJJ puB YoM sym dnoig suroy> 9AT}dadsox (Od) eieres jo ‘8s] 8102
%V'9L) 98T Wt pue ‘uonIpuod 4 g pue t Py 1oPg ‘ d uoneoyIsnuraooeyd
judredsuern sem 2je3s P 3say a1 Surmp Lep sjuanyed 9g/, T ‘oyuaIRpUOY
o [eaurod ‘erwaeradAy . JoyJe JudwIea)
[eau10D) *(%¢"06) dnoid e sowm 9 do1p T ‘o%¢
[eAnOUN(UOD JO SSQUDATIIYH
aUT0)09 A} JO sa4d g¢¢ : : m sdop a4s aur0309 ‘
9IOM ®LIDLID UOTIeN[eAY
pue dnoid [onjuod oy JO SUOTJE[[IISUI JO SYooM
J0 (%€1°79) s2hd 967 ur G Sem W) JUSWLIL],
juasqe sem erwoerodAy
DI Ioye sep ¢
(627) 1usunean
ou : dnoin
(s0)
au10329 :F dnoin
(s7) syuade
Sunjowoid Sureay
punom ‘s3nip
QAT}OdJUI-TyUR
pue A1ojetUTUe[jUI
Aqareay -nue ‘sondasnue
quaurjean) ou :f dnoin :Aderory
oSe ued jusw eI uoneonqnd
$109J2 apI (swoyduds s1ojowrered £oed 28esop pue ‘uonenp a3uex omz uonNqLIST udisop Apn uonedIpu jo 2diy
12282 2PIS Ie[noo) surpuy urejy } Wi Adeiar jo wondrmsag v 8 TORNQLISp 1S9p Apmis HepUl pue ‘Anunod
: : i uonjemndod £pnig juaned

‘Teaf ‘sroyny

‘ponunuoy) g 414V ],



BioMed Research International

10

30950 2AnjESoU

(duoroyjoworonyy)
sdoxp
243 pr019)5001}100

OU pamoys paquiosaxd (Joxyu0d JLI03STY) [etn
S OAT}OOO flectiial=Nal : s1eak o : uonesTqng
aanssaid se sI pue £oeojo Ioyye uonONpaI SE PUOIOYIIHOIONI] 79 :28e uea|y oT :(T) [PUOREAISq0 uredg
JTe[nooenur jo ’ : Kep xod sown ¢ :outoog U7 suofoyjowoIon]  ‘poqonuod  eioydids [euorouny . :
UoUWAINSEa sop1aoad sdoap a4 eroydids euonoung sum eu :afuer a8y - SLIOISTY [19] 6102
} aur0309 Ym eroydido JO JUSWIAINSEIIA : SINpY N T “Ie 30 ZoumnIey
Pa1IMO00 JUSWIILI] JO YIUOW | syuanyed 97 andadsoig :
S101J2 9IS ON [euon}OUNJ JO JUSUIJEII}
B2 =t jey} smoys Apnjs
Arrorssgur ou, oy,
skep £ urgim
PIAIISQO Sem BIUIOD
2y} Jo s1afe[ aoeyIns
a3 jo uonjezippyiide
a3o1dwo) "sdoap a4 famoe
2UT0)03 JO UOIJe[[IISUl . i 4 ‘U :a8e uesN uonejuasaid
JIo)Je PaseaIddp ensia ‘ured Jo 112435 s1eak 69 90ULIYUOD)
pajrodar AnueommuSis Ao ke UAPIO [BAUIOD Kep 1od sawm ¢ :au10309 o1 @ :03UEs 58 7€ 1PU10197] [°qer-uado A13981ms 24> ourer
SUON PUeyuols Aogy ssaep Jo 2ouasaxd ‘ssadoxd juawjea) Jo sKep O¢ 18 v syuaned 7¢ oarpadsorg  19)Je UOTIRIIqRYY e
€-7 10J PIAIISqO dI9M d synpe €9] 610T
spunom aaneradojsod UOHPZPICD [89U100 R UIPTIYD “Ie 30 [PIsed
: PAPNOUT JUSWISSISSY :
JO ®aIE O} UT
BAUI0D 3 Jo Sur[oms
9jeIopowr pue ‘Guruing
10 SUryd)I “uonyesUs
£poq uda1og
dnoai3 sur0109 a1 ur
uonesuds Apoq udroioj
a3e ues UauI)eax uopeoyqnd
$199p9 apI (sworduuds s1ajowrered £oed 28esop pue ‘uopeinp J8uer omE HGQ sﬁ |3 W ugisap Apn uonedIpu jo 2dhy
19282 9PIS Ie[noo) surpuy urejy } L Adeiar jo wondrosag uonemdod M,Em 3 E.M:M.mu P #op APIS HEPAL pue ‘Anunod

Teaf ‘sIoyIMy

‘PonuUNUO)) 7 A1V ],



BioMed Research International

applied the same formulation and the remaining one differed
mainly in the type of viscosity enhancer in the formulation,
this study could still be included as a confirmatory study,
demonstrating that the efficacy of 2% ectoine is not depen-
dent on the lubricant used in the formulation.

We found two main areas of ocular irritation and inflam-
mation where EED have been studied: (1) allergic conjuncti-
vitis and (2) nonspecific eye irritation and inflammation
caused by physical damage to the eye (e.g., surgery or burn).

Within the scope of allergic conjunctivitis, 5 studies
investigated the effect of EED in seasonal allergic rhinitis
[33, 59, 62, 65, 68], and 2 studies included patients with
vernal conjunctivitis [56, 57]. Primary outcome parameters
of all studies were patient-reported symptoms together
with study-specific measurements related to the respective
study endpoints. The studies differed in terms of the stud-
ied populations (children, adults), EED application period
(1 week up to 6 months), and design (comparative, cross-
over, add-on, noncomparative, with parallel treatments of
eyes and nose, retrospective case series) with only one trial
being placebo controlled. The overall number of partici-
pants for the 7 studies analysing allergic conjunctivitis
was 444, including 254 children. Interestingly, one study
enrolled 192 patients whereas the other 6 trials included
42 patients on average.

All studies investigating allergic conjunctivitis showed a
significant improvement of the patient-reported outcome
following application of EED, which was significantly better
than placebo [65] and at least comparable to pharmacologi-
cal standard treatments such as ketotifen or azelastine [33,
68]. Usage together with standard therapy resulted in a faster
decrease of symptoms than standard therapy alone (e.g.,
reduction of itching in 2.2 days versus 4.0 days, complete res-
olution in 5.3 days versus 12.8 days) [68]. Interestingly, one
long-term application in patients with vernal conjunctivitis
delayed the use of corticosteroids in 75% of the patients
[56]. All 7 studies reported a very good tolerability and safety
of the EED, both in children and in adults, which was even
significantly better than an established over-the-counter drug
such as ketotifen or azelastine [33, 57].

As shown above, the overall picture described by the
reviewed studies is a good efficacy of EED in treating the
symptoms of allergic conjunctivitis either as monotherapy
or in combination with other interventions, together with a
very good tolerability and excellent safety profile. Especially,
the results of an add-on effect of ectoine when used together
with pharmacotherapies are of interest, as combination ther-
apies are suggested by different studies in allergic rhinitis.
The revision of the ARIA guideline in 2016 recommends
the combination of intranasal/oral antihistamine and INGS;
the combination of INGS and intranasal antihistamines acts
faster than INGS alone and thus might be preferred by
patients [39]. The combination of oxymetazoline and mome-
tasone furoate nasal spray showed greater reductions in aller-
gic rhinitis symptoms than mometasone furoate nasal spray
alone [75]. Greiwe and Bernstein [76] concluded that two
combinations—intranasal antihistamine with INGS and
INGS with nasal decongestants—are advantageous for
patients with complex rhinitis symptoms in terms of symp-
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tom control. Similar results are to be expected for a combina-
tion treatment of allergic rhinoconjunctivitis.

The remaining 9 studies investigated nonspecific eye irri-
tation and inflammation of the ocular surface after a harming
impact such as surgery, eye burn, or unclassified disturbance.
In 7 studies, treatment with EED was conducted in the post-
operative phase for different reasons (strabismus, traumatic
injuries, and advanced keratoconus) [58, 60, 63, 64, 67].
One study investigated the effects on functional epiphora of
unknown origin [61], another on healing after eye burn
[66] and one study on the effects during an aseptic uveitis
after penetrating injury [67]. A subgroup analysis on irrita-
tion due to long-term use of contact lenses was also done in
one study [70]. Again, with a total of 268 children and adoles-
cents in 2 studies exclusively conducted in this population
[64, 67], the EED was applied to a very sensitive group of
patients.

One hallmark result from all studies was the positive
effect of EED on wound healing and reepithelization in the
respective studies: Pastukh et al. [63], Gorokhovskaya et al.
[60], and Sarzhevska and Tabakova [66] reported a faster
healing when EED was applied concomitantly to the conven-
tional regime after eye damage, and Rykov et al. reported
positive effects on postoperative scar reduction [64]. All 8
studies conducted during the post damage or post-operative
phase reported positive effects of the EED compared with
standard treatment only or even to sodium hyaluronate
instillation [66]. These irritation/inflammation symptoms
of the ocular epithelium like conjunctival hyperaemia or for-
eign body sensation are often referred to as secondary dry eye
syndrome. These results are supported by the study of Marti-
nez et al., in which a comparable efficacy of EED with fluor-
ometholone in treating functional epiphora symptoms was
shown without having the typical negative side effects like
interocular pressure, which is associated with corticosteroid
treatment [61].

4.2. Mode of Action of Ectoine as Ideal Qualification for Its
Ophthalmic Application. The results from the clinical trials
presented here are in line with the mode of the action model
of ectoine, which was reported by different researchers. Based
on the “preferential exclusion” model presented by Arakawa
and colleagues [5] and reviewed by Lentzen and Schwarz [2],
ectoine exerts its protective function by its cosmotropic effect
on water molecules and—when applied topically to epithe-
lia—results in the stabilisation of the respective tissue
(Figure 2).

This stabilisation results in a reduction of inflammation,
as seen in the reduction of particulate matter-induced
inflammation of lung epithelia [15] and in UV-induced
inflammation of the skin [77]. The effective treatment of
upper respiratory tract infections has recently been reviewed
[23], and effects on inflammatory diseases of the lung were
also published [26, 29]. Applied on the ocular surface, ectoine
stabilizes not only the tissue but also the meibum layer as pre-
sented recently [18-20, 22]. This effect, both on epithelium
and on the surrounding tear film, may explain the broad
and unspecific positive effect of ectoine on irritations and
inflammation of the ocular surface. Moreover, it allows an
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FIGURE 2: Ectoine’s mechanism of action. (a) Influence on water molecules and proteins: in the presence of ectoine, the water structure is
altered and more compact, and proteins are stabilised. (b) Molecular model explaining the effect of ectoine on the tear fluid lipid layer
(picture taken from Dwivedi et al.) [19]. (c) Model of effects of ectoine on cell membranes (lipid bilayers) without external stress. (d)
Protective effect of ectoine against external damage (e.g., allergens, UV-light, and physical damage): the ectoine water interaction results in
the protection of cell membranes (lipid bilayers), thus leading to reduced release of stress mediators.
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add-on treatment to pharmacological treatments, thus mak-
ing use of different pathways, resulting in additional effects.

Interestingly, different studies were identified during this
review, which reported on positive outcomes of application
on ectoine-based formulations on dry eye syndrome [34,
35]. Although these trials are not subject of this work and
were excluded, it is worth to mention that additional evi-
dence is available proving the successful treatment of the
ocular surface with ectoine.

5. Conclusions

In this review, we provide evidence based on the review of 16
independent studies from 6 countries that irritations and
inflammations of the ocular surface can be treated with
ectoine-based eye drops, either alone or in combination with
other (pharmacological) therapies. Although many of the
studies showed limitations regarding their study design or
reporting and data is not fully available, the following read-
out can be supported: ectoine is a natural substance with a
unique mode of action on the eye surface and with an excel-
lent tolerability and safety profile. This conclusion is sup-
ported by the work of other colleagues, who reviewed the
efficacy of ectoine in upper respiratory inflammation [23]
or allergic rhinitis (systematic review submitted) and other
indications. Especially, the studies on dry eye syndrome,
which have not been subject of this review, should be ana-
lysed in detail to further strengthen the evidence base for
ocular application of ectoine.

This systematic review of the literature extends the previ-
ously existing knowledge about the substance in two ways.

On the one hand, some of the articles cited in the
review report on patients with allergic conjunctivitis or
rhinoconjunctivitis treated in real-world scenarios. This
means that many of the patients had concomitant diseases
and were taking concomitant medications for the underly-
ing pathology or for other coexisting diseases. From this
real-world evidence, we can conclude that the effects dem-
onstrated in these situations are generally the same as
those observed before in the more selected populations
of the controlled trials.

On the other hand, these recently published articles
extend our knowledge into the area of new indications
beyond allergic conjunctivitis. There are reports about the
use of ectoine in traumatic uveitis following a penetrating
injury of the eye and similar traumatic situations. Also, the
substance was studied in the vulnerable postoperative state
of the eye following surgical interventions of the cornea or
in corrective strabismus operations, as well as postburn treat-
ment. From these observations we learn that, in the surgical
field of ophthalmology, traumatology, nonsurgical damages,
or irritations of the eye surface, the very special properties
of ectoine regarding the restoration of barrier functions
may open a new perspective for this treatment modality.

Therefore, ectoine-based eye drops represent a viable
alternative or add-on treatment option for nonspecific eye
irritation and ocular inflammation acting through stabilisa-
tion of the epithelial barrier of the organ.

13
Abbreviations
AE: Adverse event
ARIA:  Allergic rhinitis and its impact on asthma
CRP: C-reactive protein
DES: Dry eye syndrome
EEC: Environmental exposure chamber
EED: Ectoine eye drops
ENS: Ectoine nasal spray
FEC: Phacoemulsification of cataract
FML: Fluorometholone
INGS: Intranasal glucocorticosteroids

LASIK: Laser in situ keratomileusis

PRISMA: Preferred Reporting Items for Systematic Review
and Meta-Analysis

OTC: Over-the-counter

SAE: Serious adverse event

TNSS: Total Nasal Symptom Score
TOSS: Total Ocular Symptom Score
VKC: Vernal Keratoconjunctivitis.
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