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Executive Summary

This academic poster presents evidence that preservative-free makeup
removers demonstrate superior safety profiles compared to those
containing common preservatives like benzalkonium chloride (BAK),
polyhexamethylene biguanide (PHMB), and alexidine hydrochloride
(Table 1), when tested on human corneal epithelial cells. The findings
have important implications for patients with dry eye disease and
compromised ocular surfaces.

Background:

* Patients with dry eye and compromised ocular surface often use a
variety of cosmetic products that can impact the ocular surface and
periocular skin areas.™*

* Cosmetic preservatives at approved concentrations can induce
cellular atrophy and death within hours of exposure®

* These products can remain on the skin around the eye for hours
throughout the day and are often used chronically throughout a
person’s lifetime.

¢ Preservatives such as those belonging to the biguanide class and
benzalkonium chloride are often avoided in artificial tears and in glaucoma
products.®®

¢ Preservatives in cosmetics are rarely considered a problem for eyes,
as they are not expected to come into contact with the ocular surface,
though studies indicate they can.®'
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Aim:
The purpose of this study was to evaluate the impact of commercial eye

makeup removers with and without preservatives using a live/dead cell
assay in vitro model.

Study Design and Methodology

This study assessed the toxicity of four commercial makeup remover
formulations on immortalized HCECs using live/dead staining
and alamarBlue™ metabolic assay.

TESTED FORMULATIONS
* Optase Life Sensntlve Eye Makeup Hemover (Preservative Free)*

* Garnier Micellar Water
(PHMBY))

¢ Neutrogena Oil Free Eye Make Up Remover (Benzalkonium chloride
(BAK))

EXPERIMENTAL CONDITIONS
* HCECs were treated with 30 pL of each sample for 10 minutes
at 37 °C with 5% CO2.
* Cell viability was d using fluorescence at
540/590 nm (alamarBlue™ assay) and by fluorescence microscopy
(LIVE/DEAD staining).

Results

The study revealed a clear hierarchy of cytotoxicity among the tested

preservatives (Figure 1 and 2):

¢ Highest toxicity: Benzalkonium chloride (BAK) and PHMB caused
complete the highest cell death in the live/dead assay, consistent with
previous research showing BAK’s severe impact on corneal epithelial
cells at concentrations as low as 0.005%.

* Moderate toxicity: Alexidine hydrochloride showed intermediate effects,
caused significant cell viability reduction (p < 0.001) but allowed some
cell survival.

* No significant toxicity: The preservative-free for ion d ated
safety equivalent to saline and hyaluronic acid controls (p > 0.05).

Except for OLMUR (pH 7.2), all preservative-containing MUR
formulations showed cytotoxicity in HCECs
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FIGURE 1. Cellviability of HGEGs following treatment. Human comeal epithelial cells
(HCEC) were treated for 10 minutes with one of the following: 30 L of PBS, 0.2%
hyaluronic acid (HA) in PBS, 0.02% benzalkonium chioride (BAK) in PBS, Optase Life
Sensitive Eye Makeup Remover (OLMUR, pH 7.2), MUR with alexidine hydrochloride
(alexidine HCI, pH 7.0), MUR with polyhexamethylene biguanide (PHMB, pH 6.9), or MUR
with BAK (pH 7.0). n = 3. Data are normalized to the PBS control and presented as mean
=+ SD. ns = not significant (p > 0.05); ***p < 0.001 vs. neutralized OLMUR (one-way ANOVA).

Optase Life Sensitive Eye Makeup Remover at pH 7.2 is relatively
non-cytotoxic and safe to corneal epithelial cells

FIGURE 2. Live/Dead staining of HCECs post treatment: Representative fluorescence
images of HGEGs stained with a Live/Dead assay to assess cell viabilty. Live cells
appear green (Calcein-AM), while dead cells appear red (Pl). Gells were treated with 30
uL of PBS or makeup removers for (A-B) 10 minutes. Scale bar = 40um. n=3.

Key Takeaway:
FINDING:

* Preservative-free Optase Life Sensitive Eye Makeup Remover
maintained corneal cell viability, while preservative-containing Makeup
Removers (Alexidine, PHMB, BAK) caused significant cytotoxicity.

* alamarBlue™ assay confirmed reduced metabolic activity; results
are consistent with live/dead imaging.

* Preservative-containing Makeup Removers may worsen ocular
surface damage in dry eye patients.

SIGNIFICANCE AND FUTURE PERSPECTIVE:

* Eye care professionals should advise careful selection of makeup
removers, especially for patients with dry eye, contact lens wear,
ocular surface disorders, or preservative sensitivity.

 Clinical validation in dry eye patients, repeated exposure safety
studies, evaluation across durations and concentrations, and
assessment of tear film interactions.

Conclusion

This in vitro data suggests that Makeup Removers with commonly used
preservatives can cause cytotoxicity whilst the Optase Life Sensitive
Eye Makeup Remover with no preservatives demonstrated no significant
cytotoxicity. The results underscore the importance of carefully selecting
Makeup Removers, particularly for patients with chronic or moderate-
to-severe dry eye disease.

These findings warrant further investigation of Makeup Removers in
future clinical studies for their effect in dry eye patients.

References
1. Wolf, R., Orion, E. and Tiiziin, Y., 2014. Periorbital (eyelid) dermatides. Clinics in dermatology , 32(1),

da Costa, A.X., Del Duca, E., Doll, T., Grupcheva, C.N., Lazreg, S., Liu, S.H., McGee,
.R., R., Narang, P. and Ng, A, 2023, TFOS Lifestyle: Impact of cosmetics on the ocular
surface, The Ocular Surface, 29, pp.77-130

. Wang MT, Craig JP. Investigating the effect of eye cosmetics on the tear film: current insights. Clin
Optom (Auckl). 2018 Apr 3;10:33-40.

. Stapleton F, Abad JC, Barabino S, Bumnett A, lyer G, Lekhanont K, Li T, Liu Y, Navas A, Obinwanne
CJ, Qureshi R, Roshandel D, Sahin A, Shih K, Tichenor A, Jones L. TFOS lifestyle: Impact of societal
challenges on the ocular surface. Ocul Surf, 2023 Apr;28:165-199.

. Wang J, Liu Y, Kam WR, Li Y, Sullivan DA. Toxicity of the cosmetic preservatives parabens,
phenoxyethanol and chiorphenesin on human meibomian gland epithelial cells. Exp Eye Res. 2020

doi: 10, Epub 2020 May 5. PMID: 32387382.

. Baudouin C, Labbé A, Liang H, Pauly A, Brignole-Baudouin F. Preservatives in eyedrops: the good,
the bad and the ugly. Prog Retin Eye Res. 2010 Jul;29(4):312-34.

. Walsh, Karen & Jones, Lyndon. (2018). The use of preservatives in dry eye drops. Glinical Ophthalmology.
13.1409-1425.

. Chen X, Sullivan DA, Sullivan AG, Kam WR, Liu Y. Toxicity of cosmetic preservatives on human ocular
surface and adnexal cells. Exp Eye Res. 2018 May;170:188-197.

. Tsubota, K., Monden, Y., Yagi, Y., Goto, E. and Shimmura, S., 1999, New treatment of dry eye: the effect
of calcium ointment through eyelid skin delivery. British journal of ophthalmology, 83(7), pp.767-770.

. Debbasch C, Ebenhahn C, Dami N, et al, Eye iritation of low-irritant cosmetic formulations: correlation
of in vitro results with clinical data and product composition. Food Chem Toxicol 2005,43:155-165.

. Vitoux MA, Kessal K, Melik Parsadaniantz S, Claret M, Guerin C, Baudouin G, Brignole-Baudouin F,
ReauxcLe Goazigo A. Benzalkonium shlorid-induced direct and incirect toicty o conealepinelal
and trigeminal neuronal cells: d apoptotic in vitro, Toxicol Lett, 2020
Feb 1-318174-84, doF 101016/, 10xIe1.2018.10.014. Epulb 2018 Nov 7. PMID: 31707104,

. Vincenzo Papa, Ivanka J.E. van Der Meulen, Sylvie Rottey, Guy Sallet, lolanda Overweel, Margreet op
“t Hof, Antonino Asero, John Kenneth George Dart; Ocular safety of high doses Polyhexanide (PHMB)
in healthy volunteers. Invest. Ophthalmol. Vis. Soi. 2017;58(8):5170.

. NIH 2025, Alexidi ide. Available at
Alexidine-dihydrochloride#section=InChiKey Accessed [Sept 20:

. Adwatis 2025, Is ADW S 100's pH compatible with the skin? vaiable at: https:/en.adwatis.com/_files/
ugd/55Tic1_eb10116¢33c54p6eb683f45T14dodcO.pdf Accessed [Sept 2025]

Disclosures and Acknowledgments

This study was sponsored by SCOPE OPHTHALMICS Ltd (Dublin, Ireland).
Edel Duffy and Howard Ketelson are employees of SCOPE.

The study is also funded by the InnoHK initiative of the Innovation and
Technology Commission of the Hong Kong Special Administrative Region
Government. Correspondence: EdelDuffy@scopeeyecare.com

nebi.nim.nih,

“The OLMUR was an ionized water formula that was neutralised to a pH of 7.2 to reflectits solu-
tion chemistry mechanism of action when applied to the eye.’*
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