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Purpose: This study aims to investigate the effects of maqui‑berry extract  (MBE) in improving signs 
and symptoms of dry eye disease  (DED) along with ocular surface inflammation in patients with DED. 
Methods: Twenty patients were randomly assigned to a MBE or a placebo group (PLC). DED parameters 
including Schirmer’s test 1 (ST1), tear film break‑up time (TBUT), ocular surface disease index (OSDI), and 
corneal staining were assessed before treatment and 2 months post‑treatment. Tear fluid samples before 
and after treatment from a subset of these patients were collected from the study subjects using sterile 
Schirmer’s strips, and the levels of interleukin (IL)‑1β, IL‑10, IL‑6, IL‑17A, tumor necrosis factor‑α (TNFα), 
matrix metalloproteinase‑9  (MMP9), soluble intercellular adhesion molecule‑1  (sICAM1), and vascular 
endothelial growth factor‑A  (VEGF‑A) were measured using a microfluidic cartridge‑based multiplex 
ELISA. Results: The MBE group demonstrated a significant  (p  <  0.05) decrease in OSDI scores along 
with a significant increase in Schirmer’s test 1 compared to the PLC group. No significant change in 
TBUT and corneal staining was observed between the study groups. Levels of proinflammatory factors 
such as IL‑1β, IL‑6, IL‑17A, TNFα, and MMP9 were observed to be significantly reduced, along with a 
significant increase in IL‑10 levels following treatment in the MBE group compared with the PLC group. 
Conclusion: Consumption of MBE resulted in the resolution of DED signs and symptoms, along with a 
reduction in ocular surface inflammation.
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Dry eye disease  (DED) is a multifactorial condition with a 
complicated etiopathogenesis and is often broadly divided into 
insufficient tear production and excessive tear evaporation and 
with both.[1] Irrespective of the underlying causative conditions, 
DED is associated with ocular surface inflammation.[1] The role 
of conventional pharmacological treatment which includes 
lubricating topical formulations and immunomodulators is well 
known; however, there may be other mechanisms to reduce 
ocular surface inflammation.[2] Some patients do not respond 
well to currently available therapies, and hence newer strategies 
do become necessary. Maqui berry (Aristotelia chilensis) which is 
grown in the Patagonia region of Chile is rich in anthocyanins 
and has been used traditionally to treat inflammation in 
various parts of the body.[3,4] Delphinidin‑3,5‑O‑diglucoside 
is a specific compound in maqui berries.[3,4] Anthocyanins 
in maqui berry are delphinidin derivatives with antioxidant 
activities and, thus, anti‑inflammatory in nature.[3,4] The 
possible anti‑inflammatory effect could also be explained due 
to the inhibitory effect of delphinol on NFkB activation, which 
is responsible for the production of proinflammatory factors.[5]

An animal study demonstrated that the consumption of 
maqui berry inhibited the decline in lacrimal fluid production 
and prevented damages to corneal and lacrimal gland tissues 
in a DED animal model.[6] Additionally, it has also been 

demonstrated to increase tear production, thereby improving 
overall DED‑related symptoms in a previous human pilot 
study.[7] Owing to the lack of a placebo group in the pilot trial, 
the evidence related to the beneficial effects of maqui berry on 
tear production and alleviation of DED signs and symptoms 
remains insufficient.

Hence, this study was conducted to investigate the effects 
of maqui‑berry extract (MBE) on DED clinical parameters and 
ocular surface inflammation in patients with DED.

Methods
Study cohort and design
The study was a prospective interventional study which was 
undertaken in a tertiary care eye hospital in India, between 
July 2022 and September 2022. The study was approved by 
the institutional ethics committee. The study followed the 
tenets of the Declaration of Helsinki. The selection criteria of 
this study were as follows: (a) patients aged 30–50 years; (b) 
presence of eye dryness symptoms; with ocular surface 
disease index  (OSDI) >18, tear film break‑up time  (TBUT) 
≤10 but ≥5 s, with Schirmer’s test 1 (ST1) value ≤10 mm/5 min 
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but  ≥5  mm/5  min. The exclusion criteria included patients 
diagnosed with severe dry eye syndrome with Schirmer 
1 <5/5 min, taking any medication for DED (provided that a 
patient has not taken the medication for 4 weeks before the 
study and does not take the medication during the study 
period), current eye disease or a history of eye disease, currently 
using eye drops for the treatment of any eye diseases, previous 
corneal surgeries, presence of Sjögren’s syndrome, allergy, 
or chronic asthma, allergies to medications and/or products 
related to the study substance; pregnancy, lactation. Prohibited 
medications during the study were topical cyclosporine or 
any other ophthalmic medication, including artificial tears, 
antihistamines, corticosteroids, or mast cell stabilizers.

Of the 20  patients recruited, 12  patients  (24 eyes) were 
randomized into the group which received MBE in the form of 
tablets (MaqvueTM‑Lavue pharmaceuticals), and 8 patients (16 
eyes) were randomized into the placebo group (PLC). The mean 
age in the MBE group was 35 ± 3.4 years with 67% males and 
33% females. The mean age in the PLC group was 34 ± 4.2 years 
with 63% males and 37% females.

The supplements given were indistinguishable brown 
capsules containing MBE or placebo. The capsules were 
approved as identical to each other in color, odor, and 
flavor, although active capsules contained 120 mg of dextrin 
and 30 mg of MBE  in powder containing up to 10.5  mg of 
total anthocyanins, up to 7.5  mg of total delphinidins, and 
delphinidin‑3,5‑O‑diglucoside, while placebo capsules were 
inert gelatin capsules which contained 180 mg of dextrin and 
did not induce inflammation. All patients were administrated 
one capsule twice per day either with MBE or placebo before 
food in the morning and night for 4 weeks followed by one 
capsule once daily in the morning before food for 4 weeks. The 
study follow‑up was divided into pretreatment initiation and 
2 months postinitiation of treatment.

Clinical parameters
Ocular surface and dry eye evaluation include the assessment 
of symptoms using the OSDI questionnaire  (Allergan, 
Dublin, Ireland)[8] Schirmer’s test without anesthesia (ST1), 
TBUT, and corneal fluorescein staining. Schirmer’s 
test 1 was performed using sterile Schirmer’s strips 
(Contacare Ophthalmics and Diagnostics, Vadodara, Gujarat, 
India). TBUT and ocular surface staining were performed 
using fluorescein strips  (Contacare Ophthalmics and 
Diagnostics). Objective and subjective measures were done 
at baseline visit, and 2 months post initiation of treatment. 
Objective assessments also included Schirmer’s test without 
anesthesia (ST1), TBUT, corneal fluorescein score. Subjective 
assessments included the OSDI questionnaire to measure 
ocular discomfort.[8,9]

In addition, tear fluid samples were collected from a subset 
of patients which included 12 eyes of the MBE group and 8 
eyes of the PLC group at baseline and 2 months to measure 
the concentration of tear‑soluble factors.

Tear fluid sample collection
Tear fluid samples before and after treatment were collected 
from the study subjects using sterile Schirmer’s strips (Contacare 
Ophthalmics and Diagnostics, Vadodara, Gujarat, India) by 
following Schirmer’s test 1 protocol. Following the wetting of 
the Schirmer’s strip by the tear fluid, the wetting length was 

noted and the Schirmer’s strip was then stored in a sterile 
microcentrifuge tube at − 80°C until further processing.

Tear soluble factor measurements in the clinics
The levels of interleukin  (IL)‑1β, IL‑10, IL‑6, IL‑17A, tumor 
necrosis factor‑α (TNFα), matrix metalloproteinase 9 (MMP9), 
soluble intercellular adhesion molecule 1  (sICAM1), and 
vascular endothelial growth factor‑A (VEGF‑A) were measured 
in the tear fluid samples collected using a microfluidic 
cartridge‑based multiplex ELISA kit (Bio‑M Pathfinder, 
NovoMol‑Dx, India, a customized version of the Ella™ 
Automated ELISA system, Bio‑Techne® Corporation, 
Minnesota, USA). Briefly, 300 μl of extraction buffer was added 
to the microcentrifuge tube containing the Schirmer’s strip and 
was agitated for 5  min at room temperature. Subsequently, 
50 μl of the eluted tear sample was added to the sample well, 
and 1 ml of wash buffer was put into the buffer well in the 
kit’s cartridge. The cartridge was then placed into the device, 
and a run was initiated. At the end of the run, the absolute 
concentration of the specific factors was determined based 
on the standard curve which was built into the cartridge. 
The Schirmer’s strip wetting length for the respective sample 
and extraction buffer volume was used to adjust the absolute 
concentration to determine to final concentration for the specific 
factors for every sample.

Statistical analysis
The normal distribution of the data was determined by the 
Shapiro‑Wilk normality test. The statistical significance 
between matched data of pre‑treatment and post‑treatment 
parameters was analyzed by the Wilcoxon matched‑pairs 
signed rank test. The statistical significance between the 
treatment groups for the various parameters was analysed 
by Mann Whitney test. P  value  <0.05 was considered to be 
statistically significant.

Results
The eyes of the study subjects on MBE tablets – MBE showed 
improvement in some of the dry eye parameters compared 
to the eyes of subjects on placebo tablets – PLC. [Figs. 1–3]. 
The OSDI score was observed to be significantly decreased 
post‑treatment compared to pre‑treatment scores in the eyes 
of subjects on MBE [Fig. 1a]. No significant difference in the 
OSDI score was observed between pre‑  and post‑treatment 
in the PLC group  [Fig.  1a]. A  higher proportion  (75%) of 
eyes of subjects on MBE treatment showed a reduction in the 
OSDI scores following treatment, whereas 25% of the eyes 
of subjects showed a reduction in the OSDI scores following 
PLC treatment [Fig. 2a]. The fold difference in the OSDI score 
between pre‑  and post‑treatment was significantly lower in 
the MBE‑treated group compared to the PLC group [Fig. 3a]. 
Schirmer’s test 1 (ST1) value was observed to be significantly 
increased post‑treatment compared to pre‑treatment scores in 
the eyes of subjects on MBE [Fig. 1b]. No significant difference 
in the ST1 was observed between pre‑ and post‑treatment ST1 
values in the PLC group [Fig. 1b]. A higher proportion (67%) 
of eyes of subjects on MBE treatment showed an increase in 
ST1 values following treatment, whereas none of the eyes 
of subjects showed an increase in ST1 values following PLC 
treatment [Fig. 2b]. The fold difference in the increase in ST1 
values pre‑  and post‑treatment was significantly higher in 
the MBE‑treated group compared to the PLC group [Fig. 3b]. 
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No significant improvement or changes in the TBUT 
[Figs.  1c and 3c] and staining score  [Figs.  1d and 3d] were 
observed following treatment compared to pre‑treatment 
values in both MBE and PLC groups.

Tear fluid samples were collected to assess tear 
inflammatory factor levels from the study subjects before 
and after the treatment with MBE or PLC. The levels of 
pro‑inflammatory factors such as IL‑1β, IL‑6, IL‑17A, 
and TNFα were observed to be significantly reduced 
following treatment with MBE compared to pre‑treatment 
levels  [Fig.  4]. It is noteworthy that an anti‑inflammatory 
factor, IL‑10, was observed to be significantly increased 
following treatment with MBE compared to pre‑treatment 
levels [Fig. 4]. On the other hand, an increase in the levels of 
IL‑1β, IL‑6, IL‑17A, TNFα, MMP9, and sICAM1 was observed 
in the post‑treatment tear samples compared to pre‑treatment 
samples in the PLC group  [Fig.  4]. The fold difference in 
the levels of IL‑1β, IL‑6, IL‑17A, TNFα, MMP9, and VEGF 
between pre‑ and post‑treatment was significantly lower in 
the MBE‑treated group compared to the PLC group [Fig. 5]. 

The fold difference in the levels of IL‑10 between pre‑ and 
post‑treatment was significantly higher in the MBE‑treated 
group compared to the PLC group [Fig. 5].

Discussion
This study looked at the effect of the consumption of a 
standardized MBE on DED parameters. The results showed 
a significant increase in tear production and resolution in 
ocular surface discomfort. There have been several studies 
which have demonstrated the consumption of maqui berry 
in animal models  and humans. Nakamura et  al.[6] showed 
the  oral administration of a MBE stabilized the lacrimation 
secretion resulting from dry air and partial damage to the 
cornea and lacrimal gland tissue in vitro. Hitoe et al.[7] suggested 
that the intake of both 30 and 60 mg/day of MBE considerably 
enhanced the amount of tear fluid after 4 and 8 weeks in humans 
with DED. They concluded that an increase in the lacrimal 
fluid could be stimulated by delphinidin‑3,5‑O‑diglucoside in 
MBE, a compound known to inhibit the production of reactive 
oxygen species (ROS) in the lacrimal gland tissue and known to 

Figure 1: Effect of maqui‑berry extract (MBE) treatment on OSDI score, TBUT, Schirmer’s test 1, and staining score in study subjects. The box 
and whiskers plots indicate minimum, first quartile, median, third quartile, and maximum values of the OSDI score (a), Schirmer’s test 1 – ST1 
values (b), tear break up time – TBUT (c), and staining score (d) before (pre‑Rx) and after (post‑Rx) treatment from subjects under MBE or under 
placebo (PLC) treatment. MBE – 24 eyes; PLC – 16 eyes. **p < 0.01; Wilcoxon matched‑pairs signed rank test
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suppress lacrimal gland tissue dysfunction, thereby preventing 
DED‑related symptoms.[7,10]

Based on the OSDI questionnaire in this study, MBE intake 
alleviated subjective symptoms associated with DED like what 
was seen in our study where patients in the MBE group had a 
significant reduction in OSDI.[7] OSDI results are consistent with 
those of the previous MaquiBright® pilot trial and demonstrated 
improvement in ocular symptoms.[7] In addition, there was 
also a reduction in subjective symptoms associated with eye 
fatigue/discomfort, demonstrating that MBE alleviated ocular 
surface discomfort and dry eye‑related symptoms. The rise in 
tear secretion observed by the consumption of MBE probably 
reduced general subjective symptoms associated with DED.

Many studies investigating the onset mechanism of 
dry eyes have attributed the condition not only to lacrimal 
dysfunction but also to external factors such as a decrease in 
blinking, computer and visual display terminal use, and several 
other factors.[11‑14] An increase in ROS causes inflammation in 
corneal epithelial cells, which, in turn, decreases the stability 
of the tear film layer.[15] Some animal studies have confirmed 
a reduction of blinking frequency in animals with dry eyes, 
further augmenting ROS production and the presence of ROS 
in the tear film.[16,17] Hence, the consumption of MBE, a botanical 
extract with antioxidant properties, causes an increase in the 
amount of lacrimal fluid, with a reduction of ROS formation in 

the lacrimal gland tissue, and an improvement in the subjective 
symptoms of eye discomfort and fatigue.[17]

Although the consumption of MBE increased the amount 
of tear fluid based on the results of the Schirmer’s test, no 
significant changes were observed in the TBUT. This lack of 
effect might have resulted from different underlying etiology 
as aqueous deficient and evaporative, and both differ in the 
underlying mechanism of the onset.[18] Although participants 
in this study might not have had significant evaporative dry 
eyes, the Schirmer’s test results revealed that their tear fluid 
quantity was between 5 and 10  mm/5 min and TBUT was 
between 5 and 10 s, which is still lower than normal (moderate 
evaporative eye dryness). Thus, the effect of MBE intake on the 
TBUT time was not statistically significant. Therefore, further 
studies on the role of MBE are needed to investigate TBUT in 
patients experiencing excessive evaporative DED.

This is the first study to look at tear inflammatory 
factor levels following the use of MBE, and the levels of 
pro‑inflammatory factors such as IL‑1β, IL‑6, IL‑17A, TNFα, 
and MMP9 were observed to be significantly reduced following 
treatment with MBE  compared to pretreatment levels. The 
reduction observed in the inflammatory cytokines on the 
ocular surface could possibly be due to the inhibitory effect 

Figure 2: Proportion of eyes that exhibited beneficial changes in OSDI 
score, TBUT, Schirmer’s test 1, and staining score in study subjects 
following placebo or maqui‑berry extract treatment  (MBE). The pie 
charts indicate the percentage of eyes that showed a decrease in OSDI 
score (a), increase in Schirmer’s test 1 – ST1 values (b), decrease in 
tear break up time – TBUT (c), and decrease in staining score (d) after 
treatment compared to pretreatment values in subjects under MBE or 
under placebo (PLC) treatment
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Figure 3: Fold changes in OSDI score, TBUT, Schirmer’s test 1, and 
staining score in study subjects following placebo or maqui‑berry extract 
treatment (MBE). The box and whiskers plots indicate minimum, first 
quartile, median, third quartile, and maximum fold difference or ratio of 
the OSDI score (a), Schirmer’s test 1 – ST1 values (b), tear break up 
time – TBUT (c), and staining score (d) following treatment in subjects 
under MBE compared to those under placebo (PLC) treatment. The 
ratio of change or fold difference for each of the parameters was 
determined by dividing the post‑treatment values by the pre‑treatment 
value for every study subject. MBE  –  24 eyes; PLC  –  16 eyes. 
**p < 0.01; Mann–Whitney test
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Figure 5: Fold changes in tear soluble factors in study subjects following placebo or maqui‑berry extract treatment (MBE). The box and whiskers 
plots indicate minimum, first quartile, median, third quartile, and maximum fold difference or ratio of IL‑1β, IL‑6, IL‑17A, TNFα, MMP9, sICAM1, 
VEGF, and IL‑10 levels following treatment in subjects under MBE treatment compared to those under placebo (PLC) treatment. The ratio of 
change or fold difference for each of the soluble factor’s concentrations was determined by dividing the post‑treatment values by the pretreatment 
value for every study subject. MBE – 12 eyes; PLC – 8 eyes. **p < 0.01, ***p < 0.001, ****p < 0.0001, Mann–Whitney test. IL – interleukin, tumor 
necrosis factor‑α (TNF‑α), matrix metalloproteinase‑9 (MMP‑9), soluble intercellular adhesion molecule‑1 (sICAM‑1), and vascular endothelial 
growth factor‑A (VEGF‑A)

Figure 4: Effect of maqui‑berry extract (MBE) treatment on the tear soluble factor levels in study subjects. The box and whiskers plots indicate 
minimum, first quartile, median, third quartile, and maximum values of the IL‑1β, IL‑6, IL‑17A, TNFα, MMP9, sICAM1, VEGF, and IL‑10 levels in the 
tear samples collected before (pre‑Rx) and after (post‑Rx) treatment from subjects under MBE or under placebo (PLC) treatment. MBE – 12 eyes; 
PLC – 8 eyes. **p < 0.01, Wilcoxon matched‑pairs signed rank test; Δp < 0.05, Mann–Whitney test. IL – interleukin, tumor necrosis factor‑α (TNF‑α), 
matrix metalloproteinase‑9 (MMP‑9), soluble intercellular adhesion molecule‑1 (sICAM‑1), and vascular endothelial growth factor‑A (VEGF‑A)
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of delphinol on NFkB activation, a key transcription factor 
responsible for the production of proinflammatory factors.[5,19] 
We, therefore, speculate that the patients with DED might 
be experiencing eye pain or discomfort‑related symptoms 
or abnormal nociceptive response due to disruption in the 
pro‑ and antinociceptive factor balance on the ocular surface 
and MBE seems to be reducing these proinflammatory/
nociceptive cytokines. IL‑1β, a major proinflammatory 
cytokine, activates nociceptors to generate action potentials 
and induces pain on the ocular surface.[20] IL‑17A, a key factor 
in inflammatory disorders, is also involved in nociception as its 
receptors are expressed by nociceptor neurons.[21] Interestingly, 
IL‑10, which has been documented for its potent antinociceptive 
function and has being harnessed in the management of 
pain,[22] is an anti‑inflammatory cytokine which was observed 
to be significantly increased following treatment with MBE, 
highlighting an important anti‑inflammatory property in 
addition to increase in tear levels.

The limitation was a smaller sample size and that we did not 
include patients who had severe DED as these patients could 
not be stopped on topical medications to assess the efficacy. 
Also, the cohort of patients selected were restricted not to only 
aqueous deficiency DED on which MBE is known to act on but 
also included both evaporative and aqueous deficiency (mixed 
dry eye). MBE influences increased the tear fluid generation 
and diminished subjective symptoms of eye fatigue/discomfort, 
along with a potent anti‑inflammatory effect on the ocular 
surface. Thus, future studies should be done to investigate the 
impact of MBE on eye dryness, in a larger cohort of patients 
with possible additive effects to existing topical medications 
across grades of DEDs, and this can provide clinicians with 
an important new oral medication with a unique mechanism 
of action in DED.

Conclusion
Thus, consumption of maqui-berry extract resulted in 
significant improvement of DED signs and symptoms, along 
with a reduction in ocular surface inflammation based on tear 
biomarker profiling. It can prove to be a useful addition to 
existing treatment options in the form of oral supplementation 
in patients with dry eye disease to enhance and improve the 
ocular surface health.
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