Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 March 2023 d0i:10.20944/preprints202303.0069.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article
The lubricating effect of eye drops containing hyaluronic acid

and mallow extract in patients with dry eye disease — a pilot
study

Dr. Andrea A. Basile!, Dr. Giulia Mandelli?, Dr. Magda Cendali?, Rebecca Hufnagel*

1. Dr. Andrea A. Basile Ophthalmological Practice Via Andrea Solari 8 and 20144 Milano, Lombardy, Italy
andreaattilio.basile@fastwebnet.it
2 Dr. Giulia Mandelli Ophthalmological Practice Via Gran San Bernardo 16, 20154 Milano, Lombardy, Italy

docgm@hotmail.it
3 Dr. Magda Cendali Ophthalmological Practice Via Palladio 26, 20135 Milano, Lombardy, Italy magdac3@hot-

mail.com
4 Rebecca Hufnagel Clinical Research, Weleda AG, MoehlerstraRe 3 - 5 73525 Schwaebisch Gmuend, Baden-

Wuerttemberg, Germany rhufnagel@weleda.de
* Correspondence: Rebecca Hufnagel; rhufnagel@weleda.de. Tel.: +49 (0) 7171 919 0

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.


mailto:docgm@hotmail.it
https://doi.org/10.20944/preprints202303.0069.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 March 2023 d0i:10.20944/preprints202303.0069.v1

Abstract: Background and Objectives: Mucilaginous substances from plant extracts are known to
be able to support the lubricating effect of hyaluronic acid (HA) in dry eye disease (DED). In this
pilot study, the combined lubricating effect of HA and mallow extract (Malva sylvestris L.) in patients
with DED was assessed. Materials and Methods: 20 patients at 5 ophthalmological practices in Italy
were treated with eye drops, containing HA and mallow extract on the one hand, and with eye
drops containing HA only, on the other hand, in a two-period crossover design. As primary end-
points, the tear film breakup time (TBUT), the reduction of lissamine green staining of the ocular
surface (Oxford Scheme, OS), and the safety and efficacy assessment by the ophthalmologists were
evaluated. As secondary variables, the patient symptom score, the ocular surface index (OSDI), and
the satisfaction, preference and efficacy judgement by the patients were evaluated. All data were
analysed descriptively in addition to an exploratory analysis of the target variables. Results: Both
products were well tolerated. There were no statistically significant differences, with regard to the
TBUT, OS and OSD], between both treatments. Anyway, the efficacy and safety assessments by the
ophthalmologists and the patients showed results in favour of the combined product. Conclusion:
The addition of mallow extract to HA containing eye drops enhances the treatment of DED at least
with respect to subjective measurements. Further assessments will have to be done to prove and
explain this observation in terms of measurable parameters, e.g. markers for inflammatory cyto-
kines.

Keywords: dry eye disease; hyaluronic acid; lubricating effect; mallow extract; medical device; pilot
study; Visiodoron Malva®,
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1. Introduction

Dry eye disease (DED) is one of the most frequently reported ophthalmologic dis-
eases. Approximately 25% of the patients in ophthalmic clinics report about symptoms of
DED'. Andrew de Roetth introduced the term “dry eye” in 19502.

Dryness of the eyes, caused by a decreased aqueous phase of the tear film, was for a
long time suspected to be the main characteristic of DED.

In 2007, the International Dry Eye Workshop (DEWS) announced a new definition of
DED, which is as follows: “Dry eye is a multifactorial disease of the tears and ocular sur-
face that results in symptoms of discomfort, visual disturbance, and tear film instability
with potential damage of the ocular surface. It is accompanied by increased osmolarity of
the tear film and inflammation of the ocular surface.”?

DED can be caused by many different factors, e.g. intense screen work, drugs, hor-
monal changes, air pollution, air-conditioners, as well as intense UV-radiation*®. First
symptoms of DED occur mostly between 40 to 50 years of age. Foreign body sensation,
redness, dryness as well as burning in the eyes are the most often reported symptoms.

In the treatment of DED, hyaluronic acid containing eye drops are well described and
established. Hyaluronic acid (HA), a compound found in the human body in greatest
amounts in the skin, synovial fluid, the vitreous body, and the umbilical cord, is charac-
terized to be well resorbable and biocompatible”0. For instance, it is able to bind large
numbers of water molecules. HA is known to play an important role in signal transduc-
tion, ovulation, fertilization, wound healing and tumour physiology!. Due to these prop-
erties, HA containing treatments can be found in different medical fields. In ophthalmo-
logical treatments, HA is used as “lubricant” component as it shows great viscoelastic
properties. It reduces the symptoms of DED by stabilising the tear film, reducing friction
during blinking, and it prevents harmful substances to bind to the eye!2

Earlier studies have shown, that mucilaginous substances from plant extracts can
support the lubricating effect of HA315. For this reason, eye drops, containing HA and
mallow extract were developed. The main active ingredient of the wild mallow is the
abundant plant mucus, which has the ability to bind and store water.

During the development of this medical device, it was detected by physical measure-
ment of the solution, that the combination of HA and mallow extract resulted in a reduced
static surface tension compared to HA alone. It can be concluded that the combined prod-
uct remains longer on the eye and, theoretically, the eye is lubricated and refreshed for a
longer period of time. To prove these observations in vivo, we conducted this pilot study,
which compared the combined product with eye drops that do only contain HA.

2. Materials and Methods
2.1. Study design and patient population

This open-label, multicentre crossover pilot study was conducted at five ophthalmo-
logic practices in Milan, Italy. Twenty patients were enrolled, four at each practice. All
patients signed an informed consent form before study entry. The combination product
as well as the comparator product are CE-marked medical devices and were applied ac-
cording to their intended use.

The study was conducted as a crossover study. Each patient administered each of the
two eye drops products. It was up to the investigator to decide which of the two treat-
ments was given first. 9 patients started with the combination of HA and mallow extract,
11 patients received HA only first. Treatment duration was 30 +/- 3 days for one product,
followed by a washout phase of 7 days and another 30 +/- 3 days administration of the
second product.

The patients (= 18 years) to be included had to have a diagnostically confirmed mod-
erate DED defined by TBUT <10 s, OS > 2, and OSDI between 23 and 32.
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Patients underwent a general eye examination at baseline and periodically during
the study. A history of eye infections or severe inflammation, as well as an eye surgery, in
the 6 months before the study was an exclusion criterion. This was also the case for any
uncontrolled serious systemic disease that could affect the eye and other ongoing eye dis-
eases.

2.2. Products used, dosage and administration

Both products used are CE certified medical devices. They were used in this study
according to their intended use. The first product, containing HA and mallow extract, was
a sterile eye drop product in single doses (Visiodoron Malva®, Weleda AG). 1 ml of these
eye drops contain 0.15 % sodium hyaluronate, 0.5 % extract of mallow flowers (Malva
sylvestris L.), citrate buffer, sodium chloride and water for injection. The original package
contained 20 single dose vials of 0.4 ml

The second product, containing HA only, was also a sterile eye drop product in single
doses (BLUyal® UD, PHARMA STULLN GmbH). 1 ml of this comparator contains: 0.15
% sodium hyaluronate, sodium chloride, phosphate buffer and water for injection. The
original package contained 20 single dose vials of 0.35 ml.

The patient instilled twice daily one drop in the lower conjunctival sac of each eye.
For the treatment duration of 30 +/- 3 days, the participant used the same product and —
after the washout period of 7 days — switched to the other product.

2.3. Efficacy and safety endpoints

As primary variables the tear film breakup time (TBUT), the lissamine green staining
of the ocular surface (Oxford Scheme, OS), and the efficacy and safety assessment by the
ophthalmologist were assessed.

For evaluation of tear film stability, fluorescein is instilled into the eye and the inter-
val between one complete blink and the first appearance of a dry spot in the precorneal
tear film is measured in seconds with the slit lamp with cobalt blue filter. Values > 15 s are
normal, values < 10 s are pathological.

Ocular surface staining is used as an indicator for the condition of the ocular surface.
In this study, color staining is used to detect epithelial defects of the ocular surface, which
could be attributed to inflammatory processes. For ocular surface coloring, lissamine
green was used. The findings were graded according to the Oxford Scheme (OS)3. For each
of the three zones (cornea, nasal bulbar conjunctiva and temporal bulbar conjunctiva,) a
score from 1 to 3 was used. Maximum score (the worst case) is 9; the score is proportional
to the dry eye clinical picture.

At the end of each treatment period, the ophthalmologist rated efficacy with the cat-
egories: unsatisfactory, satisfactory, good, very good. Likewise, safety was rated using the
same categories.

As secondary variables, intensity of symptoms (per eye, 7 patient-rated symptoms
(each ranging from 0 (absent/none) to 10 (maximum intensity)), resulting in a total symp-
tom score of 0 to 140), Schirmer test, ocular surface disease index (OSDI), efficacy assess-
ment by the patient, patient satisfaction, and individual patient preference were evalu-
ated.

The OSDI is a scoring system consisting of three sub-scales, which cover in total 12
questions. The patient is asked to rate each symptom, condition or situation from 0 (not
present/none) to 4 (always). From the ratings, a sum-score is calculated. The resulting
score is then classified according to a predefined grading system with the categories nor-
mal, mild, moderate, severe!s.

At the end of each treatment period, the patients rated efficacy using the following
categories: 0 = no symptom relief, 1 = low symptom relief, 2 = good symptom relief, 3 =
very good symptom relief. After each treatment period, the patients were asked to rate
their satisfaction with the applied treatment according to the following categories: very
unsatisfied, unsatisfied, satisfied, very satisfied, I don’t know. After completion of both
treatment periods, the patient was asked the following questions:
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1. If you compare the first treatment period with the second one, have you perceived
a difference?
Answer options: Yes (if yes, please specify), no, I don’t know.

2. Which product would you prefer?
Answer options: Product 1, product 2, no preference, I don’t know.

2.4. Statistical analysis

A descriptive analysis of all data was performed, as well as an exploratory analysis
of the target variables. For the analysis, the data were transferred from the Excel spread-
sheets to SAS data sets using the SAS software version 9.3 (PROC IMPORT procedure).
Five SAS data sets were created (visit 1, visit 2, visit 3, visit 4, and patient diary). The CRF
and patient diary entries were checked for completeness and plausibility by the data man-
agement. Missing values were not tracked. For the analysis of the pilot study, the follow-
ing validation groups were defined: The data of all patients, for whom in each of both
treatment periods at least the main target variable was documented at least once, were
included in the "intent-to-treat" (ITT) analysis. In the safety analysis, all patients were in-
cluded that received and applied the medical device during the study.

3. Results

Between the 16" December 2016 and 24 May 2017, 20 patients at five ophthalmologic
practices in Italy were included in this study. All patients were included in the ITT-Set
and the safety analysis set.

There were no premature terminations nor withdrawals in this study.

3.1. Primary variables

For both primary variables, TBUT and OS, their dependency on the treatment se-
quence was analysed in order to detect carry-over effects. The analysis showed that a
carry-over effect could be excluded (TBUT: p = 0.5804; OS: p = 0.2844). Consequently, data
from both treatment periods was included into the analysis.

3.1.1. Measurement of tear film breakup time (TBUT)

The distribution of TBUT values during the study showed for the combined product
(containing HA and mallow extract) a mean difference of -1.4 s (SD 1.3s) on the right and
-1.6 s (SD 1.4 s) on the left eye. For the comparator preparation without mallow extract,
the mean difference was -0.9 s, with a SD of 0.9 on the right eye and a SD of 1.0s on the
left eye (see figure 1).

The analysis of the mean intra-individual differences of the mean TBUT reduction by
a two-sided one sample t-test at an alpha level of 5 % (with normal distribution assump-
tion) resulted in a p-value of p = 0.1497. That means there is no significant (5 % level)
difference in TBUT reduction between both treatments.
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Mean tear film break-up time (TBUT) of the patients
at baseline and control
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Figure 1: Mean tear film break-up time (TBUT) at baseline and control. The black panels show the values for the mallow extract
containing eye drops, the white panels the ones of the comparator.

3.1.2. Reduction of lissamine green staining of ocular surface (OS)

The mean OS reduction of both eyes was 1.13 for the eye drops containing HA in
combination with mallow extract and 0.83 for HA alone. With respect to the condition of
the ocular surface as graded by the OS, the positive reduction of mean OS values repre-
sents improvement for both treatments.

The analysis of the mean intra-individual differences of the mean OS reduction by a
two-sided one sample Wilcoxon signed-rank test at an alpha level of 5 % (no normal dis-
tribution assumption) resulted in a p-value of p =0.3149. That means there is no significant
(5 % level) difference in OS reduction between the two products.

3.1.3. Safety and efficacy assessments by the ophthalmologists

As one can see in figure 2 a), in 10 patients (50 %) the ophthalmologists rated the
overall safety of the mallow extract containing medical device “good”, in 8 patients (40 %)
“very good” and in one patient (5 %) “satisfactory”, respectively “unsatisfactory”. In 12
(60 %) patients, the ophthalmologists rated the overall safety of the comparator as “good”
and in 4 (20 %) patients as “very good” respectively “satisfactory”. There was no signifi-
cant difference (5 % level) between the ratings (p = 0.2057, Fisher’s exact test). Anyway,
the safety assessment by the ophthalmologists showed a better rating for the mallow ex-
tract containing medication and the assessment “very good” was twice as high as for the
comparator product.
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Figure 2. a) Safety assessment by the ophthalmologists, b) Efficacy assessment by the ophthalmolo-
gists. The black panels show the values for the mallow extract containing eye drops, the white panels
the ones of the comparator.

There was a recognizable better efficacy assessment by the ophthalmologist for the
combination product compared to the eye drops only containing HA (figure 2b). In 4 (20
%) patients the ophthalmologists assessed the overall efficacy of the mallow extract con-
taining preparation as “very good”, for 12 (60 %) patients as “good”, and for 2 (10 %)
patients “satisfactory”, respectively “unsatisfactory”. The ophthalmologists rated the
overall efficacy of the comparator treatment in one (5 %) patient as “very good”, in 9 (45
%) patients as “good”, in 2 (10 %) patients “satisfactory” and in 8 (40 %) patients “unsat-
isfactory”. The Fisher’s exact test (5 % level) showed no significant difference (p =0.1233).
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3.2. Secondary variables
3.2.1. Total symptom score per patient

At the baseline and the control visit, the following symptoms were assessed for both
eyes: burning, itching, foreign body sensation, blurred vision, sensation of dryness, pho-
tophobia, and pain. Figure 3 displays the total symptom scores on both visits and for both
treatments. The scoring can range from 0 to 140.

Total symptom score per patient
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Figure 3. Total symptom score per patient = sum of scores for the symptoms: burning, itch-
ing, foreign body sensation, blurred vision, sensation of dryness, photophobia, and pain;
for both eyes (score from 0 to 140).

The evaluation of the sum-score of all symptoms showed a mean difference of 9.95
with an SD of 6.39 (minimum 0, maximum 24, median 8) for the eye drops containing HA
and mallow extract and 6.95 with an SD of 4.19 (minimum -1, maximum 15, median 7) for
the comparator. However, a two-sample t-test with a sufficient normal approximation at
alpha level of 5 % showed no significant difference for the alleviation of symptoms be-
tween both medical devices (p = 0.0873).

3.2.2. Ocular surface disease index (OSDI)

The mean baseline OSDI score (SD1.8) was identical for both products (see figure 4).
The control score of the mallow extract containing preparation was 17.2 (SD 6.7, minimum
8.3, maximum 35.0, median 16.7). For the comparator, the mean OSDI control score was
slightly higher: 20.9 (SD 6.3, minimum 10.4, maximum 33.3, median 19.8).
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Figure 4. Mean ocular surface disease index (OSDI) score at baseline and control. The black panels
show the values for the mallow extract containing eye drops, the white panels the ones of the com-
parator.

At baseline, all patients had a ‘moderate” OSDI classification. After treatment with
the product containing HA and mallow extract, 90 % of the patients improved to a ‘mild”
or ‘normal’ classification. For the comparator product, only 60 % of the patients showed
an improvement in classification.

The distribution of the Schirmer test values showed almost the same results after both
treatments.

3.2.3. Assessment by the patients

As one can see from figure 5a, a great majority of the patients were satisfied or very
satisfied, with the mallow extract containing eye drops. With the treatment of the com-
parator product, 45 % of the patients were satisfied, 10 % were very satisfied, 40 % were
unsatisfied and 5 % were very unsatisfied. There was a significant difference (5 % level)
in favour of the mallow extract containing eye drops (p = 0.0226; Fisher’s exact test).
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Figure 5. a) Patient satisfaction and b) Efficacy assessment by the patients. The black panels show
the values for the mallow extract containing eye drops, the white panels the ones of the comparator.

Figure 5b shows, that 85 % of the patients assessed the symptom relief, as good or
even very good after treatment with the HA and mallow extract containing preparation.
For the HA eye drops without mallow extract, 40 % of the patients rated a good symptom
relief, 10 % a very good symptom relief, 35 % a low symptom relief and 15 % had no
symptom relief. There was a significant difference (5 % level) in favour of the combination
product (p = 0.0503; Fisher’s exact test).

In total, the efficacy assessment by the patients as well as the patient satisfaction
shows a trend in favour of the mallow extract containing eye drops.
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3.2.4. Individual patient preference

At the end of the study, all patients were asked for their preferred treatment. As one
can see in figure 6, more than half of the patients would prefer the mallow extract con-
taining preparation, 25 % have no preference and 15 % would prefer the eye drops con-
taining HA only.

Individual patient preference

15

=20)
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5(25%)

=
3(15%) /

Number of patients (N

DAY

Visiodoron Malva® BLUyal® UD | have no preference I don’t know

Which product would you prefer?

Figure 6. Individual patient preference.

One can summarize, that, in terms of subjective measurement, the mallow extract
containing eye drops are the preferred treatment in this pilot study.

3.2.5. Safety assessment

There were no incidents. Consequently, no adverse events (AEs) or serious adverse
events (SAEs) were reported or documented during the study.

4. Discussion

The motivation for this exploratory pilot study was to generate preliminary data that
allows assessment of the combined lubricating effect of HA and mallow extract.

As demonstrated from the results, both treatments showed improvements in patients
with moderate DED. This is in line with expectations as both products contain HA, which
effectively lubricates the ocular surface and hereby alleviates symptoms.

For the measured efficacy parameters TBUT, OS-grading, OSDI, and also for the
symptoms assessed during the visits at the ophthalmologic practices, no significant dif-
ferences between the mallow extract containing preparation and its comparator were ob-
served.

On the other hand, there were recognizable and in parts statistically significant dif-
ferences between the treatments regarding patient satisfaction, individual patient prefer-
ence and assessments of efficacy by patients and ophthalmologists. There was a difference
in alleviation of symptoms as well as patient satisfaction and individual patient preference
in favor of the eye drops containing HA in combination with mallow extract. As this is a
pilot study, the question why the patients prefer the combined product remains open.
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References

Both products were well tolerated, and no incidents were reported. Both prepara-
tions can be assessed as safe.

To what extent the observed differences can be attributed to the mallow extract re-
mains unclear as the explorative design of this pilot study by its nature can only provide
indications and deliver qualitative answers to this question. Anyway, earlier studies have
shown that medicinal plant extracts improve tear film stability by decreasing osmolality
and increasing tear production'®'5. Another mechanism, that is already described in the
literature is antioxidant activity, the modulation of inflammatory factors, the prevention
of cell apoptosis and the regulation of androgens. All these processes can affect lacrimal
glands and membrane cells, thereby delivering treatment options in DED.

Further investigations are needed to assess the impact of mallow extract on treatment
of DED, for example measurements of the osmolarity of the tear film or with markers for
inflammatory cytokines.
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