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ABSTRACT

Purpose.-T0 investigate whether oral, longhain omeg® (»-3) essential fatty acid
(EFA) supplementationfor three monthsinduces changes to tleentralcorneal sub
basalnerveplexusin dry eye diseasand whether nerve alterations correlate with clinical
findings.

Methods: This prospective, comparative study involved the final 12 participants enrolled
in a randomised, doublmasked, placeboontrolled clinical trial of 60 participants with
moderatedry eye diseaseParticipants receiwkeither placebo (olive oil 1500mg/day
n=4) or w-3) EFA supplemest (~1000mg/day eicosapentaenoic acid~%00mg/day
docosaheaenoic acid n=8) for 90 days.The mainoutcome measure was the mean
change. incentralcorneal sutbasal plexus nerve parameters betwegys one and 90,
quantified=usingn vivo confocal microscopy. Secondary outcomes included mean change
in tear osmolarity, corneal dendritic cdinsity and basal epithelial cdinsity.
Resultsi,Comparedvith baselinethe reduction irDSDI scoreand tear osmolaritgt day

90 were“greater in the -3 EFA groupthan the placebo groupOGDI: »-3 EFA,
mearSEM: -15.6+2.8versus placebo2.8+4.1 unitsf(5)=2.6, p=0.04osmolarity: ®-3
EFA: -22.63+5.versus placebe8+2.7mOsmol/L,t(9)=2.3, p=0.04)At day 90, corneal
total nervesbranch densitfCTBD: 91.1+86 versus 45.1+13.4 branches/Mm 1=14,
p=0.004=and corneal nerve branch density on the main fiGdBD: 63.446.5 versus
27.9+14.5 branches/mmF; =6, p=0.03 werehigher in thew-3 EFA groupcompared
with placebo Relative today 1, CNBD (branches/mf) increased atlay 90 in thew-3
EFA group(+20.0+9.2,1(8)=3.2 p=001) compared with placebo108+3.2). Similar
changes.were evident foprneal nerve fibre length (CNEImm/mnf), which increased
from baseline atlay 90 in the omeg& EFA group (+2£1.6 t(8)=3.4 p=0.0) compared
with placebo (-2.7+0.5). There was anegative correlation between CTBD and tear
osmolarity (r(10)=-0.7Q p=001). No significant changes were observed tfuasal

epithelial cellor corneal dendritic celliensity.
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Conclusion: Thesepilot study findings suggest that3 EFA supplementatiommparts
neuroprotective effects the corneakubbasal plexus that correlate with thgtentof
tear osmolaritynormalistion

MAIN TEXT

Introduction

Dry "eye“disease (DED) is a major public health issweng to its high prevalence,
negativeimpact upon quality of life and financial burdem healthcare systems
Although the pathogenesis of DED is not fully understdlod,condition is recogsed to
involve.ansimmunebased inflammation of the anterieye? DED is charactesed bytear
hyperosmolarity * which may be triggered by lacrimal gland dysfunctioand/or
excessiveearevaporationTear hyperosmolaritpromotesocular surface inflammatioh,
leading to_corneal and conjunctivepithelial cellapoptoss and inflammatory events that
culminate in the loss of mucisecreting goblet celfsTogether, thee changes exacerbate

tearfilmeinstability andperpetuate aro-inflammatorycyclethat promoteghronicity.

Giventthe role of inflammation in its pathogenesis,-aritammatory agents areften
prescribed to managie clinical signs and symptoms DED. In addition totopical
corticosteroids and cyclosporife a novel immunemodulatory agent (lifitegrasthat
reduces Ilymphocyte mediated inflammatiohas recently been approved by theited
States of"Americ&ederal Drug Administratigrfor thetherapeutic treatment of DEDA
further stherapetic option involves omegad (»-3) essential fatty acid (EFA)
supplementation. Omegi EFAs biassystemicprostaglandin metabolism towartise
production ofantiinflammatory eicosanoids, which limit and resolve inflammafids.
summarsedin a recensystematic review and megaalysis’ severalsmall clinical trials
have investigated theseof oral -3 EFA supplements for treating DEDogether, these
investigations report promising findings terms of reducing dry eye symptoms and
improving,tear stability however the mechanismunderlyingthe potentialclinical

benefitsarenot entirelyunderstood.
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There is increasing scientific interest in the role etimesensory dysfunction in the
aetiology of DED* Patients with DED demonstrate changes to corneal sensation and a
decrease number and density of suimsal corneal erves'™ *? Although yet to be
demonstrated clinically, rationale for a link between cornealopathyand elevated tear
osmolarity,. derives from recent experimental stulfied? Specifically, a negative
correlation /<has been reported between corneal nerve fibre length and an acute
hypéerosmolar environment in a diabetic rat mddé&xposure to hyperosmolar solutions

in anotherrodent modelhas beenshown to reduce the physiologic sensitivity and

morphologic integrity of the corneal nervés.

In additionsto notable structural and functional changes to corneal innervationentpat
with DED, the effect of this inflammatory condition also extends, unsurpnsitmlthe
immune_statusind cellular integrity of the epithelium. Patients with DES diagnosed

by standardisd symptomscores and clinical signsuch ascorneal sodiunfluorescein
stainingrhave increasechumbers of epitheliatlendritic cells (DCsy *° andincreased
numbers of‘basal epithelial celthe lattereffect is consideretb be a hyperproliferative
responsethat attempts torepair the ocular surface damagthat occurs in DED®
Treatment with topical corticosteroids for 30 days can reduce the density of epithelia
DCs(DCD), and this is associated with improved OSDI scores and other clinicaf'signs
However,the relationship between tear osmolarity ahdnges t®CD andbr epithelial

cell densityhas not beenidkctly examined.

In relation to the potential benefits of ®-3 EFA supplementation on altering corneal
neuropathy,docosahexaenoic acid (DHA), has been previously shiowgromote the
regeneration of corneal nerves in an experimental rabbit moderoéal stromal nerve
resection:> However, the potential effect of ®-3 EFA supplementation on corneal nerves

and/or the'corneal immune responsdumanDED remains oknown.
The major aim of thigilot study was to investigate whether supplementation with oral,

long-chain ®-3 EFAs induces changes to the architecture of the central corndahsaib
nerve plexus in people with DED and whether nerve alterations correldieteait
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osmolarity measuresThe secondary objective was to assess the effect of w-3 EFA
supplematation on the corneal immune responsendritic cell densi$fpCD) and

corneal epitheliadhomeostasisb@sal cell densidy

METHODS
This preject was conducted in accordance with the tenets of the Declarati@bsiki

and‘approved by the University of Melbourne Human Research Ethics Committee.

Participants

Participantswere recruited fronthe University of Melbourneye are clinic (Victoria,
Australia@) @ communitybased optometry clinjcand all provided written informed
consentto participate in the studyEligibility criteriaz which have been previously
reported in detait’ enabled theecruiment ofadults with moderat®ED, defined as an
OcularSurface Disease Index (OSDI) symptom scdg8eand < 65 and tear osmolarity
> 316 mO@smol/L in at least one eydn addition, potential participanteeeded to have
distance bestorrected visual acuity 20/40 (Snellen equivalehtin each eyeand intra

ocularpressure 21 mmHg in both eyes.

The study exclusion criteria involved: (i) general health conditions: pitesence of
uncontrolled systemic disease, diabetes, bipolar disorder, atrial fibrillation, implanted
defibrillatory, familial adenomatous polyposis, systemic immunocompromisedibiy
disorders=or history of liver disease, (ii) a major change to dieliedary supplement
intake (In the three months prior to enrolment, (iii) consumption of essential fatty acid oral
supplements in the three months prior to enrolment, (iv) consumption of systemic anti
coagulants,.(v) known allergy or sensitivity to the study supplements or any of their
components, (vi) females of childbearing potential who were planning a pregnancy over
the course of the study, or currently pregnant or breastfeeding, (vii) anticipatedtcont
lens wear,during the study or contact lens waathe month prior to enrolment, (viii)
scheduled or planned ocular or systemic surgery during the study, (ix) pressewere

dry eye at baseline (defined as either an OSDI score, ®r66orneal or conjunctival
sodium fluorescein staining of Grade 5 (Oxford scheme) in any zone of eithe>gye
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the start date of any systemic medication whiey affect tear film or visiobeing less
thanthree months prior to enrolmeat whena change in dosageasanticipated during

the study, (xi) presence of any of: active ocular infection orkesatoconjunctivitis sicca
ocular inflammation, active ocular allergy, history of recurrent herpes keratitis or active
disease within six months of baseline, a corneal disorder or abnormality that affects
corneal, sensitity or normal spreading of the tear film (except superficial punctate
keratitis),"severe blepharitis, which in the judgement of the investigator, neajerst

with the“interpretation of the study results, (xii) occlusion of the lacrimal puncta, with
eithe punctal plugs or cauterisation, in the three months prior tdrneend, (xiii) history

of ocular surgery/trauma, which could affect corneal sensitivity and/or istabudtion
within “six imonths of enrolmentor (xiv) the use of any of the following topal
medications) in the three months prior to baseline: corticosteroidsstamidal anti

inflammatories or cyclosporine

Data werecollected atlays 1(baseline) an@0+7 from 12 participants, beinthefinal 12
enrolmentsfrom a largerrandomied, doublemasked, placeboontrolled clinical trial
(Australian New Zaland Clinical Trials RegistryACTRN12614001019695), involving
60 participants, who attended for monthly study visits over three mbrEfsneal nerve
data were unable to be capturfed earlier enrolmentsis we only acquirethe corneal
confocal _microscope to enable corneal nerve intagduring the later stages of

participantrecruitmentfor the larger study.

Participants were instructed to maintain their current dietary habits. As previously
described? the approximate dietary intake of ome®j&FAs was determined by asking
participants._about their consumption of ®-3—ich foods over the preceding month.
Participants were asked to quantify the approximate serving size (25g, 50g, 100g, 150q9)
and frequency of consumption of foods containing greater than 1g of contbir?ed

DHA, decosapentaenoic acid and a-linolenic acid per 10§ edible portion (Australia New
Zealand Food Authority, 2011; Nutrient Data Laboratory and Beltsville HumantiNitri
Research Centr@011).
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I nterventions

Participants wereandomlyassigned teeither placebo (olive oil, 1500mg/day) ¢ong-
chain ®-3 EFA supplementé~1000mg/dayeicosapentaenoic ac[@&PA] + ~500mg/day
docosahexaenoiacid [DHA] in either reesterified tracylglyceride or phospholipid
forms) for.90 days, as previously describ€dn brief, an independent data manager
generated a participant randaaiion sequence using a random number generator in
Microsoft““Excel (Microsoft Corporation, Redmond, WashingtoB007). This
randomigition schedule was provided to an independent compounding pharmacist
(Dartnell’'s Pharmacy, Victoria, Australia) who repackaged dhely supplements into
identical, @paque containers using the randatian schedule. Eligible participants were
sequentially enrolled by a masked research optometrist, who dispensed the inopatigati

product labelled with the appropriate randaatisn code.

Four participants received placebo and eigiatrticipants received am-3 EFA
intervention. All participants were instructed to consunfige capsules each day.
Participants and aitudy personnel were masked to treatment allocatiooughout the
study:€ompliance was assessed by participants returning supplement containers, with
unused-capsules, at each follow-up visit for counting by an independent researcher.

Study assessments

Study assessments were performedagsone and 90.Participants underwernhorough
anterioreye examinatignincludingthe assessment obestcorrected visual acuitypED
symptoms (OSDI; Allergan, USA) tear osmolarity Ittp://www.tearlab.com)
comprehensiveslit lamp examinationand corneal imagingusing in vivo confocal
microscopy(HRT3 laser scanning confocal microscope with Rostock Corneal Module;
https:/[businestounge.heidelbergengineering.com/int/products/hrt/#Rostock-Cornea-
Module)«The tear osmometer was calibrated according tondoeufacturer’s instructions

and oom temperature was maintained between 20°C and 24°C to ensure measurement
accuracy”’ Participants using topical lubricant eye drops at baseline were permitted to
continue using theseluring the study. At each visit, the investigator questioned

participantswith regard to how frequently they had used lubricant eye drops over the past
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month. Participants using lubricating eye drops were instructed not to instil these for at
least two hours prior to study appointments, which was confirmed prior to taking

measurements. Right eyes were measured first.

I mage analyses

Central, ©rned images were collected using the HRT8sdr scanning confocal
microseopewith Rostock Corneal Modulas previously describ&d from eyes having

the highest'tear osmolarity at baseligy 1). Several sequence scans, focused at the
level of the corneadubbasal plexus, and om®rnealvolume scarof the anterior corneal
layerswerecollectedfrom the central cornea @achparticipant.Raw filesfrom each
sequence scafl00 frames, 384384um) were batchprocessed using the automated
Photomergdunction in Photoshoghttps://www.adobe.com/products/photoshop.htiml)
create large, montaged imagésom these montagest least eightnhon-overlapping
images, were extracteat each timepoint the use of this number of naverlapping
imagesrhas beeshown to provide adequate sampling accuracy for the quantification of
corneal"sukbasal nerve parametéfsAs an additional safeguard to ensure that corneal
regionsywere noénalysed more than once, extracted images were processed using the
Photomerge function. Failure of the image to successfully merge confirmed that the
regions selected for analysis were fomerlapping.ndividual images were dielentified

for all analyses.

Corned nerve parametersvere analysed using the most recent version of thdly-
automated and validated ACCmetrics program (Version 2.0, available at:
http://www.click2go.umip.com/i/software/accmetrics_v2.htfdl)  which enables
automated._quantification of the followingarameters corneal nervefibre density
(CNFD),.corneal nervéibre length (CNFL), corneal nerve branch density on the main
fibre (CNBD), total corneal nerve branch density (CTBD), ndilbee width (CNFW)

and area (CNFA)The number of hypereflective DCs was manually quantified usthg

‘Cell Counter’ tool function in FIJI/ImageJ (https://fiji.3dfom the same images used for
the corneal nerve analysddsing the volume scans collected for each cornea at each

study visit, one representative image of the basal corneal epitheliuexwasted using
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established criteria for defining this layérand the number of basal epithelial cells was
manually counted using the ‘Cell Counter’ tool in Fiji/lmagélde average image area

used to quantify basal epithelial cell dengitgach imageas80,000u .

Statistical.analyses

Analyses were performedn the eyewith highest tear osmolarity afay 1, as an
established"measuref disease severify. Data wereanalysed using GraphPad Prism
(version™6.01, https://www.graphpad.com/scientifsoftware/prisny.  Descriptive
statisticsare expresseds mean + SEMF valuesfor two-way ANOVA with repeated
measureare expressed d%,, Where, representFn andy, represents DEdVhen t
tests are used, t values are expressd(ifisThe normality of data was tested using the
ShapiroWilk: test. Given a normal distribution of dataregpeated measures analysis of
variance was used to assess for differences in therpastnent means between groups
for each_outcomeRairwise correlations were explored uskgarson’gproductmoment
correlaton=coefficient ). Data were expressed ag¢df). For data expressed as
proportions; the Chsquared test was performekh alpha value of 0.05 was adopted for

statistieal significancéor all analyses

A post-hoc power calculation was performed to determine the statistical power obtained
for detecting the observdmetweengroup mean difference in CNBD day 90, with the
nominatedssample sizes in each group (n=4 plaeeizn=8 omegea3). Assuming an

alpha 0f:0:05 for the Type | error rate, we obtained 77% power to detect a bgtwapn
difference, using the observed standard deviations within each group (placebo: 23.0 and
omegad3: 18.4).

RESULTIS
Participants
All 12 participants completed the study and exceeded the pre-specified, minimuof leve

complianceto the study regimeridefined, as in other neutraceutical tflas>75%
capsule consumption), based upon capsule counts; no data were exclodeadigsis
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on these ground®articipant baselinéday 1)data aresummarigdin Tablel; there were
no significant intergroupdifferencesor age,sex DED severity or corneal nervBC or

basal epithelial cefbarameterat baselindp > 0.05 for alicomparisons)

At baseline, there were two (out of four) participants in the placebo groupvaridut of

eight) participants in the ome@agroup using topical lubricant eye drops. Tingricant
productsused by participants were Systane Ultra, Alcon Laboratories, (n=2 placebo
group,n=3"omege3 group, Systane Balance, Alcon Laboratories (n=1 orrgggoup)

and Refreshminims, Allergan Pty Ltd (n=1 omega group).Therewasno significant
changes tenthe frequency of eye drop utilisation, compared vateline, in either
intervention” arm throughout the study (data not showajticipants’ combined daily
dietary intake of EPAnd DHA from food sources was similar in both intervention
groups_at baseline (placebo: 130.0+21.4 mg/day, fish oil: 140.9+82g/day). None of

the participants reported major changes to their intake of foods containing higholevels

-3 fattysaeids throughout the study.

Table.l. Demographic and clinical characteristics of the study groups at baseline

Placebo Omega-3 t(df),
(n=4) (n=18) p-value
Demographics
Age (years) 46 + 10 42 +7 t(10)=0.3, p
=0.75
Sex (female/male) 3/1 6/2 2’(1, N =
12)=0,p=
1
Dry eyewclinical parameters
OSDlsseare (/100) 30.6 +3.5 32.6+45 t(10)=0.3, p
=0.78
Tear osmolarity (mOsmol/L) 329.5+6.2 321.9+1.2 |t1(3.2=1.2,p
=0.31
Corneal sub-basal nerve plexus parameters
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CNBD (branches on main 34.6 £13.0 46.7 £+ 6.8 t(10)=0.8,
fibre/mn) p=0.38
CTBD (total branches/mfh 50.9+12.4 72.9+9.0 t(10)=1.4,
p=0.19
CNFD (fibres/mm) 20.9+4.9 26.6 +3.1 t(10)=1,
p=0.33
CNFL (mm/mnf) 16.5+3.7 17.4+£20 t(10)=0.4,
p=0.71
CNFW. (nerve fibre/mr) 0.022 £ 0.001 0.021 £ 0.0004 | t(10)=0.8,
p=0.41
CNFA (length of nerve per 0.008 £ 0.001 0.008 £ 0.001 t(10)=0.1,
unit area) p=0.88
Other cerneal parameters
Basal epithelial cell density 7394.7 7796.6 = t(10)=0.6,
(cells/mnf) 659.7 346.6 p =0.56
Dendritic cell density 63.4 £ 36.1 118.1 £66.5 t(10)=0.7,
(cells/mnf) p =0.47

Datarare expressed as mean + SEM. Legend: corneal nerve branch density on the main

fibre (CNBD); corneal nerve fibre area (CNFA); corneal nerve fibre density (CNFD);

cornealnerve fibre length (CNFL); corneal nerve fibre width (CNFW); total corneal

nerve panch density (CTBD); Ocular Surface Disease Index (OSDI).

At day 90,absolute levels dDED symptoms, quantified usin@SDI scorewere similar
between group§placebo: 2.8 +7.7, t(10)= 1.4, versusw-3 EFA:17.2 £ 3.9 p = 0.19,

howeverrelative today 1 (baseline), OSDI score was significantly reducedagt90 in

the omegeB'EFA group ¢15.4t2.8 units, t(5)= 2.6, p = 0.0% compared with placebeo (
2.8+442"units).At day 90, theabsolute levebf tear osmolarity(placebo: 321.5 + 3.6
versus o-3"EFA: 299.3 + 5.5n0Osmol/L, t(10)= 2.7, p = 002) wassignificantly lowerin
the -3 EFA supplementation group, compared with placddelative today 1, tear
osmolarity was reduced alay 90 in the omeg& EFA group ¢22.6t5.7 mOsmol/L,
t(9)=2.3, p=0.04) compared with placeb8.0+2.8 mOsmol/L).
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For corneal sulbasal nerve plexus parameters, both CT@yure 1A)and CNBD
(Figure 1B)were increased after 90 days of -3 EFA supplementation, compared with
placebo (FigurelD-F, CTBD, »-3 EFA: 91.1 £ 8.6 versus placebo: 45.1 + 18.4io=
14, p =.0:04; CNBD, -3 EFA: 634 + 6.4 versus placebo78 + 11.5,F110=6, p =
0.03).There'was also a significant crossover interaditorCNFL between groups alay
90 (Figure"C, »-3 EFA: 20.3 £+ 1.1 versus placebo: 13.8 + E6;0= 5.9, p = 0.0
Therewereno significantinter-group differences(p > 0.05 for all comparisons) for the
other corneal nerveapametersat day 90 CNFA (placebo:0.007 + 0.002versusm-3
EFA: 0,009+ 0.00lengthof nerve per unit are&110= 0.9, p = 0.3y, CNFD (placebo:
21.9 +'5.5/versus-3 EFA: 31.5+ 2.5 fibredmn? F10 = 1.8, p = 0.B) or CNFW
(placebo:0.022 + 0.001 versus-3 EFA: 0.022 + 0.000hervefibre/mm?F110=0.3 p =
0.61).

A CTBD B CNBD C CNFL
"é 1 - = Placeba E . . * Placebo ﬁE * # Placebo
') . Omoga-3 . =+ Omega-3 T = . *  Omoga-3
‘3;‘{ ! = . ole gE &0 ... . 'F'- E # - _—: i o
ﬁ i ". § 5 .}' -: E = -.-.- _.]-'_ ¥
Poel DMy L =T 2 5 .
a . < 2
Day 1 Day 90 Day 1 Day 90 - Day 1 Day 90
Placebo Omega-3

]

Day 1 " Day 90

Day 1 B Day 90

Figure.l..The effect of omega-3 essential fatty acid supplementation on central

cor nealsnérve sub-basal plexus parameters, quantified using in vivo laser scanning
confocal“microscopy. A. Total corneal nerve branch density (CTBD, number of
branches/mf) was significantly greater in the ome8aEFA group, compared with
placebo atlay 90.B. Corneal nerve branch density on the main fibre (CNBD, number of
branches on main fibre/nfinwas also significantly higher in the omeg/&FA group,
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compared with placebo, atay 90.C. Corneal nerve fibre length (CNFL, mm/rf)m
showed a significant crossover interaction effectia 90.D-F. Representativeaker
scanning confocal microscopy imagesquired from the central corneshowing no
major changes to stlmsalplexus nerve density ia participant allocated to the placebo
intervention atday 1 (D) and day 9Q[E). Similar images acquired from a participant
allocated to the omeg supplement group show an increase in litenchingof the
corneal sukbasal nerveplexus fromday 1(F) to day 90(G). * indicates statistically
significant™intergroup difference (*p < 0.05; ** p < 0.01); # indicates statistically
significant interaction effect (p < 0.05).

Relative today 1 (baseline), CNBD (branches/Mfinwas increased afay 90 in the
omega3‘EFA group (+20.0+9.2(8) = 3.2,p =0.02) compared with placebdl(.9+3.2).
Similar changes were evident for corneal nerve fibre length (CNFL, mf)/mrhich
increased from baseline day 90 in the omeg& EFA graip (+2.9+1.6t(8) = 3.4p =
0.01) compared with placebe2(7+£0.5). Relative today 1, there were no significant
inter-groupwdifferences (p> 0.05 for all comparisons) for the other corneal nerve

parameters:

Thereswas no significant intgroup differene for dendritic cell densityat day 90,
placebo:74 + 27.5versuso-3 EFA: 86 + 40.8cells/mnf F110= 0.4, p = 0.550r basal
epithelial cell densityday 90, placebo: 7104.1 £ 439.2 versns3 EFA: 7923 + 363.9
cells/mnfFa0= 1.7, p = 0.22).

Pearson’sorrelation analysis showed a significant negative correl&t{@0)=-0.70 p =
0.01) between tear osmolarity and'BD atday 90(Figure 2).There were no significant
correlations, betweenear osmolarity and OSDI with any other anatomifssdtures
including, nervefibre measurementdasal epitheliatell and dendritic cell densitgp >
0.05 forall'comparisons).
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Figure2=Relationship between tear osmolarity (mOsmol/L) and total corneal nerve
branchdensity (branch pointsmm?) in the sub-basal plexus at the study endpoint.
Pearsan’scarrelation analysis shows a significant negative correlation between tear

osmolarity'and CTBD at day 90.
DI SCUSSION

To our-knewledge,his is the firststudyto reportthe potentialcornealneuroprotective
effects0f long-chain,on-3 EFA supplementation in a clinical populatid@ompared with
placebo,a®moderate daily dos&f -3 EFAs(~1000mg/day EPA + ~500mg/day DHA)

for three monthsresultedin enhancedherve branch density in the cornealbbasal
plexusin_peoplewith mild-to-moderate DED Notably, a significant correlation was
evident-between tear osmolarity and corneal nerve branch density at the stooiyntend
Reduced-tear osmolaritfy.e., the amelioration of tear hyperosmolarity) vessociated
with_anrincreasetbtal number oherve branches, suggestingpeecificlink between tear
hyperosmelarity and corneakuropathy Indeed,patients with diabetes mellitus having
severe diabetiperipheral neuropathy have been shown to have abnormally elevated tear

osmolarity?” Furthermore, usingin vivo electrophysiological recordings from rat
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trigeminal ganglion neurons, the application of hyperosmolar solutions has been found to

reduce the physiologic sensitivity and the morphologic integrity of corneal nérves.

Given the role of inflammation in the pathogenesis of DED, there has been increasing
clinical_andscientific interest in noveantiinflammatory treatmens?® Corticosteroids

the current mainstay né-inflammatory therapy for DED target inflammation by
attenuating corneal dendritic cell respan$eit do notappear talterthe structure of the
corneal"sutbasal nerve plexus. Interestingly, we report the opposite effect with ©-3

EFA supplementatigrat leastat the threemonth interventiortime-point, wherebysome
corneal: nerve parameters are improved without significant alterations to the corneal
dendritie” cell response or epithelial cell densitglative to baselineThis finding is
noteworthy given thab-3 EFAs modulate systemimflammatiorf andsuggests that the
time-course of immunenediated changes in the cornea witt3 EFAs differs fromthe

timing of the observed corneakuroprotectiveffects.

That we “ebservedaignificant changes tosome corneal nerve parameters after three
months.of oral omega supplementation ieeasonable in the context of earlier studies.
Scientific understanding of the timing of corneal nerve regeneration in the hunmaa cor
largely derives from studies that have longitudinally examined participants fofjowi
surgical_disruption to nerve integrity. As recently reviewed, following photorefeact
keratectomy, in which photoablation results in severe damage to tHeasaband
anteriorsstromal corneal nerves, nerveerggration within the subasal plexus begins at
four wéeks postoperatively, and is largely compéitenonths after surgefy.In a rabbit
model of lamellar keratectomy, topical treatment with neuroprotectin D1 (abigsed
derivative .of DHA), in combination with DHA fosix weeks, was found to induce
significant.antiinflammatory and nerve regenerative efféfti this study, anatomical
nerve_recovery was also accompanied by an increase in corneal sensitivity and tear

secretion.

The mechanism underlying the observed improvements in corneal nerve branch density

with systemic omeg8 supplementation may relate tlee effects of artinflammatory
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lipid mediators, in particular resolvins and protectins, formedhbyxidation of DHA

and EPA within the bodyOmega3 longchain EFAs have been shown to enhance
neurite outgrowth in cell cultures of primary sensory netifarsd to improve functional
recovery in @ murine model of peripheral nerve injfiin the body, metabolism of DHA
results insthe production of neuroprotectins and theefesresolvins, which promote
neuroprotection, theesolution of inflammation and tissue rep&iDHA has been shown

to have therapeutic potential for a broad range of acute and chronic neurodegenerative
conditions®**In this respect, our dateorroboratefindings reported in an experimental
model of grass corneal nerve injury, involving nerve resection, where the administration
of DHAswas found to promote corneal nerve regenerdfidm.this study, it was shown

that nerve recoverwas mediated by the DHAerived lipid mediator neuroprotectin D1
(NPDy). In animal modelsNPD; has been implicated in several important physiological
processeselevant toanterior eyehealth including influencing the survival of epithelial
cells*modulation of wound healif§and corneal nerve regeneratiSiurthermore, the
EPA-derived resolvins D1 (RvD and E1 (RvEk) have been found to be involvadthe
regulationsof tear homeostasis under conditiondesiiccatingstress’” *® Similar to our

data, atologous serum tegra/hich are reserved fdareatingsevere DEDhavealso been
recently'shown to promote corneal sblasal nerverecoveryin patients with several
neuropathy,without altering dendritic cell numbers, suggesting a potential overlap in

mechanism of actior?

The corneaheural recoveryhat wereportwith -3 EFA supplemergtion occurred in
association with a significant clinical improvement in DED status, as indicated by a
profound naormaligtion of tear osmolarity riean postreatment tear osmolarity: 299
mOsmol/L). andan average 57% reduction in OSDI score from basefimailar clinical
improvemems, as quantified by a relative decrease in tear osmolarity and an attenuation
of dry_eye symptomdias recently been reported in anothed EFA intervention trial,
involvingahigher daily dose of ©-3 EFAs (1680mg EPA + 560mg DHA) fa2 weeks®
Ourfindings suggest that providing neurotrophic support to corneal nisrinelsed toan

alleviation of DED symptomsith »-3 EFA supplementatioi.Indeed, theestoration of
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cornealnerve topographyusing autologous serum teatsgs recentlypeen shown to
attenuateatient-reported photoallodynia in severe corneal neuropathy.

We acknowledge the limitations of thisoof-ofprinciple study, in particular themall
sample_size. Nevertheless, the study was undertakarrobust manney with double
maskingand a placebaontrol grouptherebyminimising major potential sources of bias.
Analysis of'corneal nerve morphology was perfornmed doublemasked manneusing
validated?™automated image analysis software (ACCMefticé} further reducing
measurement biagutue work will be directed towardsnderstandindgnow changes to
subbasal nerve parameters cetate with alterations tocorneal sensitivity in larger
clinical"populationsin addition,longer follow-updurations are requirettd ascertairthe

period over which theornealneurgrotective effects are retained

In conelusion, this pilot study suggests tlwatl ©-3 EFA supplementation imparts
neuroprotective effects in the corneal dasal plexus in DED patients that correlate with
the extenbf'normalistion of tear osmolarityThis studyprovides novel insight into the
potential.mechanism of action of ®-3 EFAS intreatingcorneal neuropathy
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