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Black Currant Anthocyanins Normalized Abnormal
Levels of Serum Concentrations of Endothelin-1
in Patients with Glaucoma
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Abstract
Purpose: Our recent study, which involved a randomized, placebo-controlled, double-masked 24-month trial
(Ophthalmologica 2012;228:26–35), revealed that oral administration of black currant anthocyanins (BCACs)
slowed down the visual field deterioration and elevation of ocular blood flow of open-angle glaucoma (OAG).
To elucidate the underlying mechanisms of these BCAC-induced effects, as possible factors affecting glaucomatous optic neuropathy, changes of serum endothelin-1 (ET-1), nitric oxide (NO), and antioxidative activities
were examined in the present study.
Methods: From among patients with OAG who participated in the randomized, placebo-controlled, doublemasked trial, serum specimens were obtained from BCAC-treated (n = 19) or placebo-treated (n = 19) patients at
baseline and every 6 months. Healthy volunteers (n = 20) with age and gender matching the patients were used
as a control. Serum ET-1 concentration, [NO2 - ] and [NO2 - + NO3 - ] levels, advanced oxidation protein
products (AOPP), and antioxidant activities were measured by using commercially available kits.
Results: At the trial baseline, serum ET-1 concentrations were significantly lower in patients with OAG (BCACs,
3.18 – 1.06 pg/mL; placebo, 3.44 – 0.84 pg/mL) than those in healthy volunteers (4.38 – 1.03 pg/mL) (one-way
analysis of variance and a Tukey’s multiple comparison post hoc test, P < 0.05). Upon administration of BCACs,
serum ET-1 concentrations increased to the levels of those in healthy volunteers during the 24-month period. In
contrast, those of placebo-treated patients remained at lower levels (3.82 – 1.14 pg/mL). While [NO2 - ] and
[NO2 - + NO3 - ] levels, AOPP, and antioxidative activities of patients from both the BCACs and placebo groups
showed comparable levels to those of healthy subjects at baseline, no significant changes were observed during
the observational period in either the BCAC or placebo groups.
Conclusions: Among the possible beneficial effects of BCACs toward visual field progression in patients with
OAG, our present results suggest that BCACs caused normalization of serum ET-1 levels, and this may modulate
ET-1-dependent regulation of the ocular blood hemodynamics.

Introduction

G

laucomatous optic neuropathy (GON), a progressive optic neuropathy affecting *90 million people
worldwide, is the major cause of irreversible blindness.1
GON is clinically characterized by a glaucomatous excavation of the optic nerve head (ONH) with concomitant visual
field defects. It has been demonstrated that apoptotic cell
death of the retinal ganglion cells (RGCs) primarily leads to
GON.2 Among causative factors of the GON, elevated intraocular pressure (IOP) is the most important risk factor,
and to this point, lowering the IOP through antiglaucoma
medication and/or surgical intervention has been considered

the best-effective therapy.3–5 However, regardless of the extent to which IOP is decreased, it is insufficient to stop the
progression of GON in some patients.3,4 This is because, in
addition to the elevated IOPs, ocular blood circulation, oxidative stress, and other mechanisms are also believed to be
involved in the GON etiology. Regarding ocular blood circulation, evidence from numerous reports indicating that
insufficient retinal and optic disc blood supply are involved
in the GON etiology includes the following: (1) Disc hemorrhages frequently exist in patients with open-angle glaucoma (OAG)6–8; (2) retinal vascular diseases, such as retinal
vein occlusion, are frequently associated with OAG8,9; (3)
there is a decreased hemodynamic of ocular blood flow in
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patients with OAG10,11; (4) there are abnormal levels of the
concentration of plasma endothelin-1 (ET-1) in patients with
OAG as compared with healthy control subjects12–15; (5)
platelet aggregation ability is remarkably increased in patients with OAG compared with that in normal subjects.16 As
for oxidative stress, reactive oxygen species (ROS) are produced as a consequence of normal aerobic metabolism. Unstable free radical species then attack cellular components
causing damage to lipids, proteins, and DNA that can initiate
a chain of reactions resulting in the onset of a variety of
diseases,17 including GON.18–21 In fact, recent studies have
suggested that oxidative damage constitutes an important
pathologic step in inducing and maintaining the degeneration of the trabecular meshwork, optic nerve, and RGCs.
Gherghel et al., for example, reported that glaucoma patients
exhibit low levels of circulating glutathione, suggesting
compromised oxidative defence.22 Ferreira et al. reported a
significant decrease in total reactive antioxidant potential
and increased superoxide dismutase and glutathione peroxidase activity in the aqueous humor from patients with
glaucoma.23 Sorkhabi et al. reported that oxidative DNA
damage increases and total antioxidant status decreases in
the serum and aqueous humor of glaucoma patients.24 Taken
together, ocular blood circulation and oxidative stress are
therefore additional therapeutic targets against OAG.
Anthocyanins (ACs) are kinds of polyphenols, rich in food
and beverages such as red wine, cocoa and berries, and it
is widely recognized that consumption of them serves
several health benefits, such as antioxidative stress and antiinflammatory effects.25,26 The ACs in black currants (BC) in
particular have been implicated in improvement of visual
functions.27–29 In our initial clinical trial, we found that systemic administration of BCACs (50 mg/day) to patients with
OAG (n = 30) for 6 months caused a significant increase in the
blood flows at the ONH (P < 0.05).30 Furthermore, in the
subsequent randomized, placebo-controlled, double-masked,
24-month trial, we demonstrated that patients with OAG
administered with BCACs showed significantly less deterioration of mean deviation (MD) and increased ocular blood
flows in comparison with placebo-treated patients during the
24-month trial period.31 However, no significant changes in
systemic blood pressure, pulse rates, and IOP during the 24month period were observed in either group, nor were there
any systemic or ocular side effects. These results suggested
that oral administration of BCACs may be a safe and
promising supplement for suppression of visual field deterioration in patients with OAG. Moreover, in addition to
their IOP control, the efficacy of the BCACs may have some
effects on ocular blood circulation and/or antioxidative
stress. Thus, it was of great interest to elucidate what kinds
of underlying mechanisms are involved in the BCAC-induced beneficial effects toward GON.
Among the several possible mechanisms obtained by
BCACs, our study focused on the following biomarkers. ET-1
has been shown to be implicated in several ocular diseases,
including GON,32 diabetic retinopathy,33 retinal vein occlusion, and retinal artery occlusion.34 As for serum ET-1 levels,
there are statistically significant differences between patients
with glaucoma and control subjects.12–15 According to one
report, in vitro, BCACs induced ET-dependent vessel dilatation in the bovine ciliary body.35 Another factor affecting
ocular blood circulation is nitric oxide (NO), a ubiquitous
compound in the body that plays an important role in
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vasodilation via the relaxation of vascular smooth muscle,
and hence in increasing circulation in the body.36 A number
of plant polyphenolic compounds, including AC, have been
shown to modulate NO levels and/or actions. NO being a
gaseous free radical has a half-life of < 15 s and is rapidly
metabolized to nitrate ([NO3 - ]) and nitrite ([NO2 - ]). As
such, serum nitrate and nitrite are usually measured to
evaluate serum levels of NO. In cases of oxidative stress,
advanced oxidation protein products (AOPP) are the products of plasma protein oxidation, especially oxidation of
albumin.37 Because of their rapid response to changes, they
are thought to be suitable for measuring short-term changes
in oxidative stress. Serum levels are known to correlate with
cardiovascular disease markers, and increase in subjects with
inflammatory conditions such as ulcerative colitis, ankylosing spondylitis, and renal failure.38 Increased serum AOPP
levels are also reported in some patients with glaucoma.39,40
Regarding antioxidant capacity, living organisms have
developed complex antioxidant systems to counteract ROS
and reduce their damage. These antioxidant systems include
several enzymes such as superoxide dismutase, catalase, and
glutathione peroxidase. They also include several macromolecules such as albumin, ceruloplasmin, and ferritin, as
well an array of small molecules, including ascorbic acid,
alpha-tocopherol, beta-carotene, reduced glutathione, uric
acid, and bilirubin. The sum of endogenous and food and/or
supplement-derived antioxidants represents the total antioxidant activity of the system.41
In the present study, we therefore examined the effects of
BCACs on the serum biomarkers, serum ET-1 concentration,
NO, AOPP, and antioxidant capacity related to ocular blood
circulation and oxidative stress using serum specimens obtained from BCAC-treated and placebo-treated patients with
OAG participating in a randomized, placebo-controlled,
double-masked, 24-month trial.31

Subjects and Methods
A randomized, double-masked, placebo-controlled singlecenter trial using 38 patients with OAG meeting the inclusion
and exclusion criteria described below was conducted between November 1, 2006, and March 31, 2010, in the glaucoma clinic of the Department of Ophthalmology, Sapporo
Medical University Hospital.31 The experimental protocol is
briefly described below. This protocol was approved by the
Ethics Committee of the Sapporo Medical University School
of Medicine and conducted in accordance with the Declaration of Helsinki. After an explanation of the study’s purpose
and its protocol were provided, written informed consent
was obtained from all participants in our glaucoma clinic
before inclusion.

Inclusion and exclusion criteria
From among 250 eligible patients with OAG, a total of 38
patients meeting the following inclusion and exclusion criteria were enrolled in the study.
Inclusion criteria. (1) More than 24 months of treatment
by antiglaucoma drops and regularly receiving IOP measurements at 1–2-month intervals and the Humphrey visual
field (program 30–2, SITA standard, Humphrey Instruments,
San Leandro, CA) at 3–6-month intervals.
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Table 1. Comparison of Serum Levels of ET-1, NO, AOPP, and Antioxidant Activity of Patients
with OAG (BCAC and Placebo Groups) at Trial Baseline with Those of Healthy Subjects

Group
BCACs (n = 19)
Placebo (n = 19)
Healthy subjects (n = 20)

ET-1
(pg/mL)

[NO2 - ]
(mmol/L)

[NO2 - + NO3 - ]
(mmol/L)

AOPP
(mmol/L)

Antioxidant
activity (mmol/L)

3.18 – 1.06a
3.44 – 0.84a
4.38 – 1.03

7.50 – 2.66
7.56 – 2.10
7.53 – 1.96

15.84 – 9.92
15.50 – 12.64
15.73 – 4.09

16.12 – 7.50
16.06 – 12.12
16.00 – 8.06

0.204 – 0.042
0.201 – 0.051
0.198 – 0.059

Values shown are mean – SD.
a
Statistical difference with healthy subjects (P < 0.05, one-way analysis of variance (ANOVA) and Tukey’s multiple comparison post hoc test).
ET-1, endothelin-1; NO, nitric oxide; AOPP, advanced oxidation protein products; OAG, open-angle glaucoma; BCACs, black currant
anthocyanins; NO2 - , nitrite; NO3 - , nitrate.

(2) Early-to-moderate stages of GON (MD greater than
- 12 dB) in at least 1 eye.
(3) Best-corrected visual acuity > 0.6 at the trial baseline in
at least 1 eye.
(4) Reliable performance on the Humphrey visual field
testing 30–2 program (fixation loss of < 20%, and a falsepositive or false-negative response of < 33%).
Exclusion criteria. (1) Ocular diseases other than OAG
and an early or mild senile cataract that would not influence
the Humphrey visual field testing.
(2) No other ocular, neurological, otolaryngological, or
systemic diseases affecting optic disc damage.
(3) History of cataract surgery within the previous 24
months.
(4) History of glaucoma surgery.
(5) Use of supplements.
(6) History of drug or food allergies.

As a control, healthy volunteers (n = 20, male/female, 10/10;
age, 62.35 – 12.55 years) with age and gender matching the
patients with OAG were employed.

Statistical analysis
Several observational data of serum levels of ET-1,
[NO2 - ], [NO2 - + NO3 - ], AOPP, and antioxidative activity of
the BCAC-treated and placebo-treated patients with OAG at
trial baseline were compared with those of healthy subjects
by one-way analysis of variance (ANOVA). Additionally, a
Tukey’s multiple comparison post hoc test was performed to
evaluate differences between the experimental groups. After
normal distribution and homogeneity of data were

Methods
ACs (25 mg) extracted from BCs were packed into the
same capsules as placebos, making them indistinguishable to
patients or physicians. Based on the assignment list numbers,
subjects randomly received daily doses of BCACs (2 capsules, 50 mg/day, n = 19) or placebo capsules (n = 19) for 24
months. During the follow-up period, glaucoma medications
were not altered.
For the measurement of serum levels of ET-1 concentration, NO, antioxidant activities, and AOPP, the subjects
were requested to remain in a sitting position quietly for
30 min. Their blood samples (5 mL) were taken in the
morning (9–11 a.m.) at trial baseline and every 6 months
during the 24-month trial period. Serum was then immediately separated by centrifugation and kept in a freezer
before analysis. Serum ET-1 concentrations were determined by a quantitative ET-1 immunoassay kit (R&D Systems, Minneapolis, MN). For evaluation of serum levels of
NO, its stable metabolites, nitrite [NO2 - ], and nitrite and
nitrate [NO2 - + NO3 - ] concentrations were determined by
NO2/NO3 kit-CII (Dojindo, Tokyo, Japan). AOPP assay
was performed utilizing a quantitative kit (The OxiselectTM
AOPP Assay kit; Cell Biolabs, Inc., San Diego, CA). AOPP
concentration was reported as mmol of Chloramine-T/L.
Serum antioxidant activities were measured by an antioxidant assay kit (Cayman Chemical Company, Ann Arbor,
MI). All above assays were conducted according to the
procedures by the manufacturers. All samples were analyzed in duplicate at the same time.

FIG. 1. The time course of mean serum endothelin-1 (ET-1)
concentrations. Mean serum ET-1 concentrations in the black
currant anthocyanin (BCAC)-intake group (N = 19, filled
square) or placebo-intake group (n = 19, filled circle) were
plotted at baseline and each time point of trial period (6, 12,
18, and 24 months). Data expressed mean – SD. *: significant
difference between groups (P < 0.05, 2-way repeated-measure
analysis of variance). #: significant intergroups difference
between each time point and baseline (P < 0.05, paired t-test).
Mean serum ET-1 concentrations in the healthy subjects
(n = 20) are indicated as a dotted line.
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Table 2. Effects of BCACs on Serum Levels of NO in Patients with OAG
(BCACs, n = 19 and Placebo Groups, n = 19)
[NO2 - ] (mmol/L)
Group

0M

6M

12 M

18 M

24 M

BCACs
Placebo

7.50 – 2.66
7.56 – 2.10

7.49 – 5.18
7.86 – 1.68

7.15 – 1.82
7.56 – 3.22

7.42 – 3.64
7.40 – 3.74

BCACs
Placebo

15.84 – 9.92
15.50 – 12.64

15.47 – 5.12
15.40 – 3.36

7.59 – 7.14
7.84 – 4.34
[NO2 - + NO3 - ] (mmol/L)
15.09 – 7.36
16.00 – 10.08

15.84 – 14.56
15.94 – 4.80

15.45 – 5.92
15.52 – 12.96

Values shown are mean – SD.
No statistical differences between groups (2-way repeated measures ANOVA) and intergroups (paired t-test) were observed.

confirmed using the Kolmogorov–Smirnov test and Bartlett
test, respectively, above observational data obtained during
the 24-month follow-up periods were compared between
groups by a 2-way (time, treatment) ANOVA with repeated
measures. Intergroup differences of changes of values at each
time point from trial baseline in these data were analyzed by
a paired t-test.
All statistical analyses were performed with MS-Excel. The
significance level was set at P < 0.05 for all statistical analysis.

Results
To elucidate underlying molecular mechanisms of BCACs
in GON, several serum markers regulating vessel contraction
and antioxidative stress, serum ET-1 concentration, NO,
AOPP, and antioxidant activity were evaluated in serum
specimens obtained from the randomized, placebocontrolled, double-masked, 24-month trial.
Serum ET-1 concentrations in patients from both groups
(BCACs, 3.18 – 1.06 pg/mL; placebo, 3.44 – 0.84 pg/mL) at
the trial baseline were significantly less than those recorded
in the healthy control subjects (4.38 – 1.03 pg/mL) (Table 1,
one-way ANOVA and a Tukey’s multiple comparison
post hoc test, P < 0.05). During the 24-month trial, serum ET-1
concentrations of BCAC intake groups increased after 6
months from the baseline and reached levels (6 months;
3.74 – 1.08 pg/mL, 12 months; 4.12 – 1.40 pg/mL, 18 months;
4.43 – 1.52 pg/mL, 24 months; 4.59 – 1.84 pg/mL) comparable to those the healthy control subjects (4.38 – 1.03 pg/mL).
In contrast, serum ET-1 concentrations in the placebo groups
remained at lower levels throughout the 24-month period (24
months; 3.82 – 1.14 pg/mL, Fig. 1).
Patients’ serum levels of [NO2 - ] and [NO2 - + NO3 - ],
AOPP, and antioxidative activity were comparable to those
of healthy subjects at baseline (Table 1, one-way ANOVA
and a Tukey’s multiple comparison post hoc test). During the

Table 3.

trial period, no significant changes were observed in these
analyses between groups and intergroups (Tables 2–4, 2-way
repeated measures ANOVA).

Discussion
Berries are known to be a fine source of polyphenols, especially ACs, micronutrients, and fiber. Epidemiological and
clinical studies have shown that these constituents have been
associated with several health benefits.42 Human intervention
studies using berries (either fresh, as juice, or freeze-dried), or
purified anthocyanin extracts have demonstrated significant improvements in antioxidant activities, including lowdensity lipoprotein oxidation and lipid peroxidation.43,44
These benefits were recognized in healthy subjects as well as
in those with existing metabolic risk factors. It has been suggested that underlying mechanisms of these beneficial effects
include upregulation of endothelial NO synthase, decreased
activities of carbohydrate-digestive enzymes, decreased oxidative stress, and inhibition of inflammatory gene expression.
BCACs additionally possess antioxidant45 and anti-inflammatory properties.46 They are also especially known to induce beneficial effects toward visual functions such as
improved adaptation to dark and video display terminal
work-induced transient refractive alteration in healthy human volunteers,27 in addition to slowing down GON progression.31 Although the mechanisms underlying these
ocular beneficial effects are unknown, it is thought that upon
oral administration, intact forms of BC ACs are absorbed and
transferred beyond both the blood–aqueous barrier and the
blood–retina barrier into ocular tissues, including the retina,
choroid, and ciliary body,47,48 resulting in beneficial biological activities. In fact, in vitro experiments have demonstrated
that BCACs transferred into ocular tissues caused several
ocular effects, including stimulation of rhodopsin regeneration in frog retinas,28 suppression of ocular globe elongation

Effects of BCACs on Serum Levels of AOPP of Patients with OAG
(BCACs, n = 19 and Placebo Groups, n = 19)
AOPP (mmol/L)

Group
BCACs
Placebo

0M

6M

12 M

18 M

24 M

16.12 – 7.50
16.06 – 12.12

16.24 – 7.86
16.13 – 9.24

16.16 – 8.49
16.18 – 7.56

16.19 – 8.04
16.38 – 8.16

16.23 – 11.04
16.22 – 8.40

Values shown are mean – SD.
No statistical differences between groups (2-way repeated measures ANOVA) and inter-groups (paired t-test) were observed.
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Table 4.

Effects of BCACs on Serum Levels of Antioxidant Activity of Patients
with OAG (BCACs, n = 19 and Placebo Groups, n = 19)
Anti-oxidant activity (mmol/L)

Group
BCACs
Placebo

0M

6M

12 M

18 M

24 M

0.204 – 0.042
0.201 – 0.051

0.203 – 0.048
0.193 – 0.052

0.197 – 0.058
0.191 – 0.054

0.194 – 0.061
0.197 – 0.053

0.203 – 0.055
0.195 – 0.049

Mean – SD (all such values).
No statistical differences between groups (2-way repeated measures ANOVA) and intergroups (paired t-test) were observed.

in chick myopia models,29 and the ET-dependent vasodilation in the bovine ciliary body.35 In the present study, to
elucidate possible mechanisms of BCACs demonstrating
beneficial effects toward GON progression, we assayed
several serum biomarkers obtained from BCAC-treated and
placebo-treated patients with OAG who had participated in
our previous randomized, double-masked 24-month trial.31
We found that continuous supplementation of BCACs
caused normalization of decreased levels of serum ET-1
concentrations in patients with OAG. In contrast, serum NO
levels and antioxidative stress activities were not affected.
Consequently, we concluded that BCAC-induced beneficial
effects toward GON progression may primarily be ascribed
to an ET-dependent mechanism.
ET-1 is a potent vasoconstrictor believed to play a role in
local autoregulation of blood flow.49,50 It is produced by the
vascular endothelial cells and released primarily abluminally. The ET-1 receptors (ETA and ETB) belong to the family
of G-protein-coupled receptors.50 Within ocular tissues, ETA
and ETB are constitutively expressed in human uveal tissues,51 the retina, and ONH.52 ETA is mainly present on the
vascular smooth cells and is responsible for the vasoconstriction caused by ET-1, and ETB is mainly present on the
vascular endothelium and is believed to produce transient
vasodilatation through release of NO.49,50 High levels of serum ET-1 have been shown in several diseases characterized
by abnormal vasoreactivity, among them Raynaud’s phenomenon, diabetes, and ischemic heart disease.53 ET-1 is

FIG. 2. Possible mechanism of
hyperactivity of ET-1-dependent
vasospastic response found in patients with glaucoma. ET-1 produced by the vascular endothelial
cells reacts with its receptors, ETA
and ETB1,2. ETA and ETB2 are
mainly present on the vascular
smooth cells and are responsible for
the vasoconstriction. ETB1 is mainly
present on the vascular endothelium and causes NO-dependent
vasodilation. ET-1 receptors may be
upregulated in response to the continued lower levels of serum ET-1
levels. In this situation, a transient
increase of serum ET-1 concentrations by cold stimulation may cause
hyperactivity of ET-1-induced vasospastic response. NO, nitric
oxide.

therefore believed to be pivotally involved in the pathogenesis of these diseases. A number of previous cross-sectional
studies have shown that basal levels of plasma (or serum)
ET-1 in patients with glaucoma were elevated at a higher
level than control subjects.12–14 Conversely, other studies
showed no significant difference in plasma (or serum) ET-1
between subjects with glaucoma patients and normal control
subjects54–57 or lower levels of plasma ET-1 in patients with
glaucoma when compared with normal subjects.15 Although
the conflicting conclusions indicate that no consensus regarding plasma (or serum) levels of ET-1 in patients with
glaucoma have been reached, it is possible that data from all
studies are accurate, since plasma (or serum) ET-1 levels may
fluctuate due to seasonal, circadian, and other factors.
In our present study, serum ET-1 levels of patients with
OAG were significantly lower than those in normal subjects
at the trial baseline. These results are consistent with our
previous study.15 Consequently, we speculated that ET-1
receptors may be upregulated in response to the continued
lower levels of serum ET-1 levels, since it is known that ET-1
has a positive feedback on the expression of its receptors.49,50
In this situation, a transient increase of serum ET-1 concentrations by cold stimulation may enhance ET-1-induced vasoconstriction (Fig. 2). In fact, previous studies demonstrated
that patients with glaucoma, in contrast to the control subjects, have an abnormal hyperactivity of ET-1 in response to
vasospastic stimuli such as cold.58 It has been postulated that
an imbalance between vasoconstrictor substances such as
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FIG. 3. The possible mechanism
in which supplementation of
BCACs increases levels of serum
ET-1 concentrations in patients with
open-angle glaucoma to match
those in normal subjects. ETB receptor, which is targeted by
BCACs, contributes to the clearance
of ET-1 as well as NO-dependent
vasodilatation. Continuous administration of BCACs could cause a
decrease of the clearance of ET-1
within blood circulation by stimulation of the ETB receptors, and, in
turn, this may induce ET-1 secretion
by feedback mechanism.

ET-1 and vasodilators such as NO is the cause of vasospasm
in glaucoma.59,60 It was reported that patients with glaucoma
who have vasospasm have a higher susceptibility to glaucomatous damage, which could be a consequence of a decreased dilation of blood vessels that properly autoregulate
blood flow.55 If our speculation is correct, BCACs induce
normalization of ET-1, and its receptor balance may be beneficial for ocular blood circulation, since an increased ET-1
reactivity could lead to decreased ocular blood flow as indicated above.
The possible mechanism in which supplementation of
BCACs increases levels of serum ET-1 concentrations in patients with OAG to match those in normal subjects remains
unclear. ETB receptor, which is targeted by BCACs, is known
to also contribute to the clearance of ET-1 as well as NOdependent vasodilatation.35 Additionally, selective ETB antagonists increase plasma ET-1 concentration. Furthermore,
animal models with an ETB gene mutation have increased
plasma ET-1.61 Studies have indicated that both wild-type
rats treated with ETB antagonists62 and heterozygous ETB
knockout (KO) mice63 impaired ET-1 clearance, whereas
wild-type rats treated with ETA antagonists and heterozygous ETA KO mice have normal ET-1 clearance. Moreover,
previous studies suggest that this ET-1 clearance occurs
mainly in the lungs and to a lesser extent in the liver and
kidneys.64,65 Since the ETB receptor is responsible for the
clearance of ET-1, we can speculate that upon systemic administration of BCACs, this could continuously stimulate
ETB receptor resulting in a decrease of the clearance of ET-1
within blood circulation, and in turn, this may induce ET-1
secretion by a feedback mechanism (Fig. 3).
Based upon our previous and current findings, we conclude that systemic administration of BCACs to patients with
OAG causes normalization of their serum levels of ET-1
concentration, which is presumably obtained by stimulation
of the ETB receptor by BCACs, and this may in turn cause an
increase in ocular blood flow and slow down patient’s
glaucoma progression. Quite recently, Shim et al. described
that the Ginkgo biloba extract and bilberry ACs also improved
visual functions in patients with normal-tension glaucoma.66
Thus taken together, oral administration of BCACs may be a
safe and promising supplement for suppression of the visual
field deterioration in subjects with OAG in addition to their
role in IOP control.
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