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Abstract

Purpose: To determine if a dietary supplement consisting of a re-esterified triglyceride form of omega-3 fish oil
combined with a standardized maqui berry extract is more efficacious for the treatment of dry eye disease than
omega-3 fish oil alone.

Methods: This was an institutional review board-approved, single-site, randomized, interventional, placebo-
controlled, comparative, pilot clinical study. Patients with mild to moderate dry eye disease (DED) were enrolled and
divided into four study groups. Group 1 (O3M) received dietary supplements of a re-esterified triglyceride form of
omega-3 fish oil (O3) and a standardized maqui berry extract (M); group 2 (O3) received only the omega-3
supplements; group 3 (M) received only the maqui berry extract supplements; and group 4 received placebo
capsules. Thirteen participants aged 26–78 years with DED were included. Patients were evaluated for DED by
corneal staining, changes in tear osmolarity values, matrix metalloproteinase-9 (MMP-9) levels, Schirmer’s test, and
tear breakup time (TBUT) at baseline, week 2, week 4, week 8, and a final assessment at week 12. In addition, at
each visit patients were given the Ocular Surface Disease Index (OSDI) and Dry Eye questionnaires to complete in
order to assess their level of DED. Adverse events (AEs) were recorded on AE forms at each patient visit, and any
serious AEs were to be reported to the sponsor within 24 hours via telephone.

Results: 13 patients participated in the study (77% females, 23% males), with an average age of 55 years. The
highest average percent improvement in OSDI & DED scores from baseline through week 12 of study treatment was
demonstrated in the O3M group (77.6% and 70.5% respectively), compared to 39.2% improvement in OSDI
assessment and 44.9% in DED score for the O3 group. Schirmer’s tests demonstrated an average increase in tear
production over baseline of ~3.4 mm in OD and ~0.8 mm in OS after 3 months for the O3M group. In comparison,
for the O3 group, the tear production decreased by ~0.6 mm in OD and increased by ~1.67 mm in OS from baseline
to 3 months. TBUT improved significantly in the O3M group, from baseline to 3 months it went up by ~3.2-2.8 sec in
both eyes (OD & OS), while for the O3 group TBUT values went up by ~1.66-2.0 sec in both eyes (OD&OS).
Notably, there were no adverse events reported due to dietary supplement usage during the study.

Conclusion: Dietary supplements of omega-3 fish oil and standardized maqui berry extract outperformed
omega-3 fish oil alone as a treatment for DED.
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Introduction
Dry eye disease (DED) is a multifactorial disorder of the ocular

surface that is characterized by an imbalance of tear flow. Symptoms of
DED include ocular discomfort such as foreign body sensation,
stinging/burning, dryness, irritation, pain, but it also affects visual
acuity [1,2]. Millions of people suffer with DED and the global
prevalence is estimated to range from 7.4% to 33.7% depending on the
study cited, the method of diagnosis, and which population is surveyed
[3]. In the United States alone approximately 20 million people, or
more, are affected with some degree of DED. The prevalence of DED is
also associated with age, sex, cigarette smoking, and autoimmune

disease status, among other factors. Recent studies have shown that
increased screen time on digital devices such as computers, tablets,
gaming devices, and smartphones leads to particularly high DED rates
among a wide range of age groups [4,5].

Several studies have shown that omega-3 fish oil dietary
supplements have beneficial effects on the treatment of DED [6-9].
However, there are substantial differences in commercially available
omega-3 preparations, and most contain some level of alcohol which is
used to detoxify the mercury and other carcinogens that the oil
contains. The addition of alcohol induces a chemical change in the
natural triglycerides found in fish oil, and the resulting compound
known as an ethyl ester which is not easily processed or absorbed by
our bodies. A process called re-esterification can be used to remove the
artificially induced alcohol from the ethyl ester to produce a re-
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esterified omega-3 oil which is more readily absorbed and easier to
tolerate than the ethyl ester form [10]. A recent study shows that re-
esterified omega-3 supplementation is associated with statistically
significant improvement in DED symptoms [8].

Maqui berries are fruits from the maqui (Aristotelia chilensis) tree
native to South America in the Valdivian temperate rainforests of Chile
and adjacent regions of southern Argentina. The maqui berries have
been used for centuries in traditional medicine [11], and it is the main
ingredient in many functional beverages and dietary supplements due
to it being recently hailed as a superfood. Maqui berries are known for
their high antioxidant capacity attributable to a variety of phenolic
products, anthocyanidins, other flavonoids, and phenolic acids which
they contain [12]. Some of the many reported medicinal properties of
maqui berries include anti-inflammatory, anti-diabetic, and analgesic
effects [13].

Notably, maqui berry extracts (MBE) has been reported to be
effective in treating certain ophthalmic disorders. The major
anthocyanins of MBE are delphinidin 3,5-O-diglucoside (D3G5G) and
delphinidin 3-O-sambubioside-5-O-glucoside (D3S5G), and it was
reported that they were able to protect retinal cells against light-
induced photoreceptor degeneration [14]. Also, in a rat animal model
for dry eye it was shown that D3G5G restored tear secretion [15]. In a
recent, pilot, clinical study a commercially available MBE
(MaquiBright™) was effective when taken orally for significantly
increasing tear fluid volume and decreasing dry eye symptoms after
two months of treatment [16]. This pilot, clinical study investigates the
efficacy of standardized MBE supplements in combination with a re-
esterified triglyceride form of omega-3 fish oil compared to the efficacy
of omega-3 fish oil alone for the treatment of dry eye disease.

Study Design and Methods
This was an institutional review board-approved, single-site,

randomized, interventional, placebo-controlled, comparative, pilot
clinical study. Written informed consent was obtained from all study
participants. The study was conducted in accordance with the
Declaration of Helsinki and was HIPAA-compliant with the protection
of individually identifiable health information.

Male or female subjects, 18 years or older with mild to moderate
DED (tear break-up time; TBUT ≤ 10mm) were enrolled. Patients were
divided into four study groups as follows: Group 1 (O3M) received
dietary supplements of a re-esterified triglyceride form of omega-3 fish
oil (O3) and a standardized maqui berry extract (M); group 2 (O3)
received only the omega-3 supplements; group 3 (M) received only the

maqui berry extract supplements; and group 4 received placebo
capsules. Details of supplements used and dosing schedule are outlined
below (Table 1).

Dietary
supplement Brand

Key dietary
ingredient
(daily intake) Dose

Omega-3
fatty acid

Atlantic NutraceuticalsTM

Omega 1500
EPA1-816 mg;
DHA2-544 mg

3 times daily or
as directed by PI

Maqui Berry
Extract

Tear Support with
MaquiBright® by Life
Extensions 60 mg

Once daily or as
directed by PI

Placebo
Honest Placebo Pills-
Zeebo® -

Once daily or as
directed by PI

Table 1: List of dietary supplements and dosage used in the study.

Efficacy endpoints included: Corneal staining with 2% fluorescein
sodium using the Oxford staining scale of 0 to 5 (0: no staining; 5:
severe staining); changes in tear osmolarity values using TearLab®

Osmolarity System; matrix metalloproteinase-9 (MMP-9) level
assessment using the InflammaDry test, Schirmer’s test 17, and TBUT
testing [17]. Assessments were performed at baseline, week 2, week 4,
week 8, and a final assessment at week 12. In addition, at each visit
patients were given the Ocular Surface Disease Index (OSDI)
questionnaire [18] and the Dry Eye questionnaire (see supplementary
materials) to complete in order to assess their level of DED. Adverse
events (AEs) were recorded on AE forms at each patient visit, and any
serious AEs were to be reported to the sponsor within 24 hours via
telephone.

Results
A total of 13 patients participated in the study ranging in age from

26 to 78 with an average age of 55 years. The majority of subjects were
female (77%) and the majority were Caucasian (92%). Demographics
for the study are shown in Table 2. The average tear break-up time
(TBUT) notably improved in the O3M group, from baseline to 3
months it went up by ~3.2 seconds (OD) and 2.8 seconds (OS), while
for the O3 group the average TBUT values went up by ~1.66 seconds
(OD) and 2.0 seconds (OS). The patients who received only the MBE
supplements also reported a significant higher average increase in
TBUT values of 3.7 seconds (OD) and 3.6 seconds (OS) compared to
the O3 and placebo groups (Figure 1).

Study group/parameter O3M (n=5) O3 (n=3) M (n=3) Placebo (n=2) Total study (N=13)

Mean age 46.8 20.22 59.00 13.45 58.00 13.00 65.00 1.41 55 15.7 years

Gender
80% Female, 20%
Male 100% female 67% Female, 33% Male

50% Female, 50%
Male 77% Female, 23% Male

Ethnicity 100% Caucasian
67% Caucasian, 33%
Asian 100% Caucasian 100% Caucasian

92% Caucasian, 8%
Asian

Table 2: Study demographics. Note: O3M=re-esterified triglyceride form of omega-3 fish oil and a standardized maqui berry extract; O3=re-
esterified triglyceride form of omega-3 fish oil; M: standardized maqui berry extract.
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Figure 1: Average increase in tear break-up time (TBUT) in seconds from baseline to 12 weeks for (OD&OS) Note: OD=Oculus Dexter (right
eye); OS=Oculus Sinister (left eye); O3M=re-esterified triglyceride form of omega-3 fish oil and a standardized maqui berry extract; O3=re-
esterified triglyceride form of omega-3 fish oil; M: standardized maqui berry extract.

Schirmer’s tests demonstrated an average increase in tear
production over baseline of ~3.4 mm in OD and ~0.8 mm in OS after 3
months for the O3M group. In comparison, for the O3 group, the tear
production decreased by ~0.6 mm in OD and increased by ~1.67 mm
in OS from baseline to 3 months. The corneal staining assessments
improved from mild to minimal in both the O3 and O3M groups,
while remaining minimal for the M and placebo groups. An overall

decrease in the number of positive InflammaDry test results was seen
in the O3M group after 12 weeks of treatment, while in the O3 group
the number of positive remained constant throughout the study. In
addition, the average tear osmolarity (TO) in the O3M group
decreased after 12 weeks compared to an increase in TO for the O3
group. A comparison of the efficacy endpoint results in the O3M and
O3 groups are summarized in Table 3.

Study Assessments/ (Group) Summary of results (Baseline vs. Week 12)

Schirmer’s test/ (O3M) Tear production increased by ~3.4 mm in OD and ~0.8 mm in OS

Schirmer’s test/ (O3) Tear production decreased by ~0.6 mm in OD and increased by ~1.67 mm in OS

Corneal staining/ (O3M) Improved from mild to minimal as per the grading system

Corneal staining/ (O3) Improved from mild to minimal as per the grading system

InflammaDry test/ (O3M) 40% turned -ve at the end of the study and 60% remained +VE

InflammaDry test/ (O3) There was no change from baseline, 66.67% tested +VE and 33.43% were tested -ve

Tear osmolarity/ (O3M) There was a decrease in tear osmolarity by 4.85 mOsm/L units

Tear osmolarity/ (O3) There was an increase in tear osmolarity by 11.33 mOsm/L units

Table 3: Comparison of the efficacy endpoint results in the O3M and O3 groups.

Improvements in the objective signs of DED were demonstrated in
this study, the highest average percent improvement in OSDI & DED

scores from baseline through week 12 of study treatment was seen in
the O3M group (77.6% and 70.5% respectively), compared to 39.2%
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improvement in OSDI assessment and 44.9% in DED score for the O3
group (Table 4). Notably, there were no adverse events reported due to
dietary supplement usage during the study.

Study Group O3M (%) O3 (%) M (%) Placebo (%)

OSDI Assessment 77.61 39.22 46.15 30.31

DED Assessment 70.54 44.91 25.74 11.15

Table 4: Average % Improvement in OSDI & DED Score from Baseline
through week 12 of Study Treatment. Note: O3M=re-esterified
triglyceride form of omega-3 fish oil and a standardized maqui berry
extract; O3=re-esterified triglyceride form of omega-3 fish oil; M:
standardized maqui berry extract; OSDI=Ocular Surface Disease
Index.

Discussion and Conclusion
By using a sequence of clinical tests and objective assessments we

demonstrated that a combination of standardized dietary supplements
of maqui berry extracts and re-esterified triglyceride form of omega-3
fish oil is a safe and promising treatment for dry eye disease. The
potential of standardized supplements of maqui berry extracts and re-
esterified triglyceride form of omega-3 fish oil in treating DED has
been demonstrated independently by other studies. To the best of our
knowledge we describe herein the first clinical study to investigate
using this combination of supplements to treat patients with DED.

The multifactorial nature of dry eye disease makes it difficult to
treat. However, one consistent factor that contributes to DED
pathology is an increase of reactive oxygen species (ROS) in lacrimal
gland (LG) which leads to decreased tear production. In a pre-clinical
study, a major anthocyanins constituent of MBE (D3G5G) suppressed
the formation of ROS from LG tissue, and the resulting restoration of
tear secretion was more potent for D3G5G than other anthocyanins
naturally contained in MBE [15]. This highlights the therapeutic
potential of MBE for treating DED, and as predicted, this study
demonstrated an increase in tear production (Schirmer’s test) in
patients receiving MBE supplements.

Other clinical tests indicative of DED such as TBUT and tear
osmolarity showed improved assessments in the O3M group compared
to the O3 group. Specifically, an increase in TBUT was reported in the
O3M group which is indicative of decreased DED severity, and a
decrease in the tear osmolarity was demonstrated in the O3M group
which points also to reduce DED severity. Whereas, test results for
corneal staining and inflammatory MMP-9 status were not as
indicative of the effect of MBE and omega-3 fish oil supplements on
DED status in this study. Conversely, the DED questionnaires for
objective assessment strongly indicated that the combination dietary
supplements of MBE and omega-3 fish oils had the most beneficial
effects on treating DED symptoms than any other treatment group.

A recent study confirmed the bioavailability of maqui berry extracts
and its specific anthocyanin compounds when taken orally in healthy
subjects [19], in addition the increased bioavailability of the re-
esterified form of omega-3 fish oils compared to the ethyl ester form
has been previously established [10]. The beneficial effects of these two
supplements were rapidly seen in treating some DED signs and
symptoms, some effects apparent even after only six weeks of
treatment. The combination of MBE and omega-3 fish oil
outperformed omega-3 fish oil alone for the treatment of DED in this

pilot study, and suggests that dietary supplements of MBE in
combination with re-esterified omega-3 fatty acids should be included
as a standard therapy for dry eyes.
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