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Nutraceutical and antioxidant effects
of a delphinidin-rich maqui berry

extract Delphinol®: a review

R. R. WATSON, F. SCHONLAU

Anthocyanins represent water-soluble fla-
vonoid species, commonly found in higher
plants, the richest plant source representing
berries. While all anthocyanins present with
antioxidant activity, the delphinidins repre-
sent the most potent antioxidant anthocyanin
species owed to largest number of hydroxyl
groups in the B-ring. The richest known
natural source of delphinidins is the maqui
berry (Aristotelia chilensis) from which an
extract Delphinol®, standardized to 25% del-
phinidin, is commercially available. Delphi-
nol® significantly reduces oxidative stress
(oxidized LDL and F2-isoprostane) and blood
glucose in controlled clinical trials. In human
umbilical vein endothelium delphinidins
concentration-dependently decrease intracel-
lular oxygen radicals. Furthermore, delphi-
nidins increase endothelial nitric oxide syn-
thase expression and decreases expression of
vaso-constrictory endothelin-1. Delphinidins
inhibit the expression of cell adhesion mol-
ecules ICAM and VCAM, thus counteracting
vascular inflammatory situations. Further-
more, delphinidins decrease platelet activity
and may contribute to thrombosis preven-
tion. Research on delphinidins showed im-
proved endothelial function with elevated
endothelial NO generation, lowered platelet
aggregability and anti-inflammatory vascular
effects. Delphinidins dose-dependently in-
hibit NF-kB-, activator protein-1- as well as
COX-2 expression in UV-exposed epidermis.
Delphinidins are found to be internalized
into keratinocytes and pre-clinical investiga-
tions show significant UV-photo-protective
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effects with topical application of 40 nM
delphinidin, both when applied prior to UV
exposure as well as after exposure. Delphi-
nidins may counteract skin-aging due to in-
hibition of UV-induced expression of matrix
metalloproteinase in fibroblasts. In a rodent
osteoporosis model delphinidin was found to
inhibit differentiation of osteoclasts, result-
ing in an inhibited bone demineralization,
while other anthocyanins were ineffective.
Future research on Delphinol® and delphi-
nidins may be expected to identify further
health benefits.

KeY worDs: Anthocyanins - Dietary supplements -
Antioxidants.

ngular consumption of polyphenols has
epeatedly been suggested to lower the
risk for developing chronic health problems
later during life. A large number of epidemi-
ologic studies suggest protective effects of
fruits and vegetables against cardiovascular,
inflammatory and other chronic diseases.! 2
Recently, it was shown from analyses of the
Nurses’ Health Study that higher intake of
anthocyanins, flavones and flavonols at
midlife, significantly increases the likeli-
hood of health and well-being at older age.3
Evaluations of the Nurses’ Health Study
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(NHS) II with 93,600 women suggested a
significant hypertension improvement and
reduction of myocardial infarction related
to regular consumption of berry anthocy-
anins, derived from food-frequency ques-
tionnaires, while no other flavonoid species
significantly decreased the risk.4 >

More recently, two epidemiologic inves-
tigations found a positive association be-
tween total flavonoid, including anthocy-
anins, intake and bone mineral density in
women, thus suggesting a lowered risk for
women to develop osteoporosis.o

Though various hypotheses have been
initially proposed to explain the health
contributions from fruits and vegetables,
plant polyphenols as natural antioxidants
are now understood to be the main con-
tributors. All plant phenols are derived
from phenylalanine, or the close precursor
shikimic acid. As common denominator, all
flavonoids represent with a C15 structure
with two benzene rings A and B, connected
by a three-carbon chain. The chain is closed
in most flavonoids, forming the heterocy-
clic C ring.” Depending on the connection
of the B-ring to the C-ring, flavonoids are
classified into different subclasses. Further-
more, methylation, glycosylation, acylation,
prenylation, sulfonation and hydroxylation
generate the different subclasses: flavanols,
flavanones, flavones, isoflavones, flavonols,
dihydroflavonols and anthocyanidins. The
latter species presents with an oxygen cati-
on, making it well water-soluble.

Anthocyanidins occur naturally in plants
in the form of sugar derivatives, which are
then referred to as anthocyanins. An an-
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thocyanin which has been deprived of the
sugars is generally referred to as the agly-
cone, then again resembling an anthocya-
nidin. In older literature, especially on bil-
berry flavonoids, the term anthocyanoside
was used synonymously for anthocyanins.
There are six principal types of anthocya-
nidins: delphinidin, cyanidin, pelargonidin,
peonidin, petunidin and malvidin (Figure
1. Anthocyanins strongly absorb light in the
visible spectrum and lend prominent colors
to most flowers, and the same holds true for
berries. The hue of anthocyanins is related
to the B-ring substitution pattern and color
saturation intensifies with increasing num-
bers of hydroxyl groups, while it decreases
with addition of methoxyl groups.8 The pH
value greatly affects the color, with highly
acidic conditions converting the anthocya-
nidin structure into the stable flavylium-cat-
ion, which presents with a bright red color.
At neutral to alkaline conditions, anthocya-
nidins and anthocyanins are converted to
unstable, colorless pseudo-bases.

The radical scavenging activity of an-
thocyanins in cellular systems was de-
scribed to correlate with the total number
of hydroxyl groups present in the molecule,
with the presence in B-ring 3’,4-ortho-
dihydroxyl and 3-hydroxyl, representing
the main structural requirements for an-
thocyanins in suppressing oxidative stress.?
These prerequisites render delphinidin the
most interesting anthocyanidin candidate
for radical scavenging. Radical scaveng-
ing activity comparisons of anthocyanins
and their aglycons have been carried out
in vitro, testing the scavenging activity of
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Figure 1.—The chemical structures of anthocyanidin species in edible plants [From Watson RR et al.].1
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Figure 2.—Antioxidant activities of six anthocyanidin
species petunidin (PET), malvidin (MLV), pelargonidin
(PEG), petunidin (PEO), cyanidin (CYN) and delphini-
din (DEL). Expressed in percentage of DPPH radicals
scavenged after four minutes of reaction time, with an-
thocyanidins at concentration of 17 uM [Adapted from
Kihkonen MP et al.].10

2,2-diphenyl-1-picrylhydrazyl (DPPH) radi-
cal.t0 Among the aglycons delphinidin was
shown to exhibit the highest DPPH neutral-
izing potency, followed by cyanidin and pe-
onidin (Figure 2). The mono-glucosides of
delphinidin and cyanidin were practically
as active as the aglycons under the experi-
mental conditions, whereas other anthocy-
anins showed decreased radical scavenging
activity as compared to the correspond-
ing aglycons. In general glycosylation de-
creases antioxidant activity and the nature
of the carbohydrate has an impact, which
was also found for delphinidin-rutinoside.
The comparative radical scavenging activ-
ity at same concentration showed that del-
phinidin is more potent than ascorbic acid,
catechin and quercetin.

Maqui berry (Aristotelia chilensis)
as delphinidin-rich source for
standardized extract Delphinol®

Delphinidin anthocyanins are present in
many plants, though dietary meaningful
quantities are predominantly found in ber-
ries. Owing to the strong light absorption in
the visible wavelength range, delphinidin-
rich berries typically present with bright
hue and at higher abundance with increas-
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ingly darker color. Typical examples of
berries bearing delphinidins are blackcur-
rant, blueberries bilberries and maqui ber-
ries.8 The richest currently known natural
source of delphinidins is the maqui berry
(Aristotelia chilensis), indigenous to Chile.1!
The juice of maqui berries was found to be
at least tri-fold richer in total polyphenols
than in all other berries tested: red grapes,
cranberries, strawberries, raspberries, blue-
berries, and blackberries. Correspondingly,
the radical absorbance capacity (TRAP) of
maqui berry juice was about three-times
higher than corresponding values for other
berries tested. Ripe maqui berries present
with a deep black purple color. Maqui ber-
ries are commercially extracted to yield a
polyphenolic extract, standardized to bear
minimum 25% delphinidins, with other con-
stituents representing further anthocyanins,
phenolic acids, flavonols (quercetin, ru-
tin, myrecitin and flavanols (catechins and
epicatechins).12 The standardized aqueous
maqui berry extract Delphinol® is distribut-
ed world-wide by the company Maqui New
Life (MNL, trade mark owner), based in San-
tiago, Chile and Cham, Switzerland. Delphi-
nol® has been investigated by Brunswick
Laboratories (Southborough, Massachusetts,
USA) to exhibit a total ORAC 5.0 antioxi-
dant value of 30852 uM trolox equivalent
per gram.13 Delphinol® was found to effec-
tively neutralize peroxyl-, hydroxyl-, super-
oxide anion- and peroxinitrite-radicals, as
well as singlet oxygen. Owing to the nature
of maqui berries and the extraction process
employed, Delphinol® represents the rich-
est natural dietary source of delphinidins.

Absorption, tissue distribution,
metabolization and elimination of
dietary delphinidin anthocyanins

The fate of anthocyanins in general, af-
ter oral administration, has been described
to follow a unique pattern, rather different
from those of other flavonoid species. Only
recently a study demonstrated that anthocy-
anins may be more bioavailable than previ-
ously thought.14 The administration of 500
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mg 13C-isotope labeled cyanidin-3-glucoside
to eight healthy volunteers allowed for trac-
ing the absorption, metabolism and excre-
tion, by examination of 13C in blood, breath,
urine and feces. Metabolites were identifi-
able up to 48 hours post intake, while the
relative bioavailability was estimated to
12.4+1.4%.

The absorption of anthocyanins may
occur in the stomach as well as the intes-
tine.15 The rapid bioavailability observed for
orally consumed anthocyanins led to the
conclusion that a gastric transport system
such as bilitranslocase, an organic anion
carrier, may be involved in the absorption
of intact glycosylated anthocyanidins.!¢ In
plasma, anthocyanins can be found in their
intact form.!7 The aglycons exist in plasma,
though with short half-life, as they are un-
stable and prone to degradation. It has been
proposed that other active transporters, fur-
ther to bilitranslocase, may be involved in
the absorption of intact anthocyanins from
the stomach as well as the small intestines.
Investigations of rat jejunum mounted in
Ussing chambers showed that the delphini-
din aglycon interacts with sodium glucose
co-transporter SGLT-1, causing inhibition
of glucose transport. In human volun-
teers, supplemented with delphinidin-rich
maqui berry extract Delphinol®, standard-
ized to 225% delphinidin anthocyanins, a
significant inhibition of post-prandial blood
glucose increase was observed after carbo-
hydrate challenge.!8 Interestingly, another
group found that delphinidin anthocyanins
enter human umbilical vein endothelium
via the SGLT-1 transporter. While anthocy-
anin concentrations in blood may appear
to be low, more research is required to in-
vestigate the tissue distribution of delphi-
nidin anthocyanins. Anthocyanins present
with varying binding affinities to plasma
proteins with albumin accounting for most
of the binding capacity in human blood.
The affinity of anthocyanins to human al-
bumin has been found to correlate with the
number of hydroxyl groups, with delphi-
nidin anthocyanins presenting with great-
est affinity to human serum albumin.!?® The
glycosylation pattern of delphinidin may
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define predominant target tissue destina-
tions. The investigation of affinities of dif-
ferent delphinidin anthocyanins showed
that delphinidin 3,5-O-diglucoside internal-
izes into acinar (lachrymal gland) cells by
an order of magnitude greater quantities
than delphinidin-3-glucoside or delphini-
din-3-sambubioside.20 Because delphinidin-
3-glucoside internalizes into endothelium
it may be taken for granted that this del-
phinidin anthocyanin species may cross the
blood-brain-barrier. Several studies have
confirmed the presence of anthocyanins in
various brain regions of pigs and rats, such
as the cortex, cerebellum, hippocampus
and the striatum.2! 22, 23 The circumstance
that intact delphinidin glycosides remain in
the body is supported by the appearance
of delphinidin-3-sambubioside in urine of
healthy volunteers, who consumed a single
portion of an aqueous Hibiscus sabdariffa
extract.24 Further to intact delphinidin an-
thocyanins, also metabolites, such as del-
phinidin monoglucuronide, were identified
in urine in the range of few micrograms.

Antioxidant and photo-protective
effects of delphinidins in dermatology

Human skin, the epidermis and dermis
as barrier between external environment
and body interior, is involved in a multi-
tude of important tasks, such as managing
mechanical and physicochemical insults as
well as infections. Exposure of the skin to
sunlight causes photo-oxidative reactions
and affects the integrity of skin cells, kerati-
nocytes and fibroblasts. UVA radiation rep-
resents approximately 95% of the total UV
exposure, it can penetrate the skin deeper
and induce reactive oxygen species which
affect enzymes and may cause energy de-
ficiencies, affecting mitochondria. Though
UVA does not interact with the DNA, the
pro-oxidant potency makes it an important
source of oxidative stress in the dermis and
plays a major role in photoaging.?> UVB,
in contrast, predominantly affects the skin
surface, being absorbed by keratinocytes
which leads to immune suppression, hy-
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perpigmentation, hyperplasia, photo-aging,
sunburn, and may cause mutations and
malignancies. While UV radiation increases
destruction of extracellular matrix proteins
resulting from direct interaction with reac-
tive oxygen species as well as up-regulated
metalloproteinase expressions, fibroblasts
are rendered less efficient for new collagen
and elastin synthesis, causing skin elasticity
loss.26 Photodamage also results in accumu-
lation of abnormal elastin in the dermis and
several MMPs are involved in the process.?’
Exposure to UV radiation depletes antioxi-
dants ascorbic acid, carotenoids, glutath-
ione, coenzyme Q10, superoxide dismutase
and catalase in all layers of UV-exposed
skin.2z8 29 Correspondingly, several studies
have confirmed that UV-radiation induced
oxidative processes in human skin which
are preventable by antioxidants and espe-
cially combinations of antioxidants with
phytochemicals.30 Polyphenols have been
extensively researched for photo-protective
effects, green tea epigallocatechin gallate
probably representing the most prominent
species.3! The low molecular size of delphi-
nidin, the high bioavailability and the ex-
pected good skin tissue distribution makes
this anthocyanidin a promising candidate
for skin-ageing protection. The currently
available research on delphinidin points
to significant photo-protective, antioxidant,
anti-inflammatory and anti-aging virtues.

In murine epidermal cells the presence of
delphinidin dose-dependently inhibited the
expression of inflammatory cyclooxygenase
2 (COX-2) in response to UVB exposure,
significantly from a dosage as low as 5 pM
delphinidin, corresponding to 1.7 mg/L.32
UVB exposure activated pro-inflammatory
nuclear factor-kB (NF-kB) and activator pro-
tein-1 in epidermal cells, however in pres-
ence of delphinidin this activation pathway
was abolished. Mouse skin treated topically
with delphinidin at concentrations of 0, 40
and 200 nM delphinidin in acetone, corre-
sponding to 0, 13.6 and 68 pg/L respective-
ly, was subsequently exposed to 0.5 kJ/m?2
UVB radiation. The topical pre-treatment of
mouse skin with delphinidin significantly
inhibited the UV-induced inflammatory re-
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sponse at both delphinidin concentrations,
though radiation-induced COX-2 expres-
sion in murine skin was maximally inhib-
ited already at lowest concentration of 40
nM topical delphinidin. Correspondingly,
also prostaglandin E2 production was sig-
nificantly inhibited with delphinidin. This
anthocyanidin was found to directly bind
to kinases MAPKK4 and PI-3K and the UV-
induced activities of MAPKK4 or PI-3K in
mouse skin were significantly suppressed
by delphinidin pre-treatment.

Investigations of primary cultured hu-
man fibroblasts, exposed to UVB radiation,
identified potent protection from reactive
oxygen- and nitric oxide species in pres-
ence of delphinidin.33 UVB irradiation (0.02
J/cm2) of human fibroblasts expressed ma-
trix metalloproteinase type 1, which was
totally abolished at both delphinidin con-
centrations tested, 10 and 20 uM. Treatment
of human fibroblasts with delphinidin was
discovered to significantly inhibit UVB-in-
duced MAPKK and MAPK phosphorylation.
With the potent inhibition of UV-induced
expression of matrix metalloproteinase Del-
phinol® may counteract break-down of der-
mal collagen, which represents the patho-
physiology of photo-ageing and visible skin
ageing manifesting in loss of elasticity and
wrinkling.

Another group has extensively investi-
gated photo-protective effects of delphini-
din on human keratinocyte skin cells and
mouse skin.3* Human HaCaT keratinocytes
were demonstrated to internalize delphi-
nidin with resulting dose-dependently in-
creased intracellular antioxidant capacity
(Figure 3).

Keratinocyte cell line HaCaT was found to
be delphinidin dose-dependently in range
1-20 pM, protected from UVB-induced in-
hibition of cell growth. Delphinidin at con-
centration of 3.4 mg/L was found to provide
substantial protection from UVB-mediated
cell viability decrease and morphological
changes. Delphinidin was found to inhibit
keratinocyte apoptosis. While unprotected
keratinocytes exposed to UVB radiation at
dosages 15 and 30m J/cm? resulted in 11.9%
and 25.7% of apoptotic cells, in presence
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Figure 3.—Human keratinocytes (HaCaT) internalize
delphinidins, which increases intracellular antioxidant
capacity. Keratinocytes were exposed to different delphi-
nidin concentrations for 24 hours and following media
removal and washing, intracellular antioxidant capacity
was estimated by ABTS radical de-colorization assay.
[Adapted from Afaq F et al.].34

of delphinidin (3.4 mg/L) the same radia-
tion dosages resulted in only 4.5% and 7.7%
apoptotic cells, respectively. HaCaT ke-
ratinocytes were shown to be delphinidin
dose-dependently (1-20 pM) protected from
UVB (15-30 mJ/cm?) irradiation, inhibiting
UVB-mediated development of lipid per-
oxidation, formation of 8-OHdG as sign of
oxidative DNA-damage and apoptosis. The
apoptosis protective effects were suggested
to result from the potential to limit adverse
effects of UV-radiation via modulation of
Bcl-2 family members and inhibition of cas-
pase activation. In vivo investigation with
hairless (SKH1) mice showed that topical
application of delphinidin (1 mg/ 100 pL
DMSO) inhibited UVB-mediated apoptosis
(TUNEL staining) and DNA-damage mark-
ers pyrimidine dimers and 8-OHdG.

The concept of skin photo-protection with
polyphenols requires sufficient amounts of
active compounds delivered to the dermis
and epidermis. In topical application del-
phinidin was found to be a very potent
photo-protector. Moreover, the study by
Fariq and co-workers suggests that delphi-
nidin is incorporated and accumulated into
human keratinocytes.3* Pure delphinidin
and enriched natural sources such as Del-
phinol® are expected to provide consider-
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able photo-protection and anti-ageing skin
benefits. It has been repeatedly reported
that structurally different antioxidants show
beneficial interactions for providing greater
protection from oxidative stress.3>

Delphinidin activities in
cardiovascular health

The endothelium represents a monolayer
of cells constituting the inner surface of all
blood vessels and also lymph vessels. The
endothelium controls flow of nutrients and
fluids and also senses physical and bio-
chemical alterations occurring in the blood
stream. The endothelium modulates coagu-
lation and facilitates cellular trafficking such
as in leukocyte transmigration during infec-
tion or injury. Endothelial cells orchestrate
vaso-constriction, such as by endothelin-1
or, conversely vaso-dilation by nitric ox-
ide. Endothelial dysfunction represents an
inseparable situation with cardiovascular
health issues. Endothelial dysfunction is in-
herently involved in pro-coagulative, pro-in-
flammatory and vaso-constrictive situations.

Epidemiological studies have pointed
to an inverse association between dietary
anthocyanin consumption and reduced
occurrence of cardiovascular diseases. It
has been proposed that specific anthocy-
anins exhibit anti-atherosclerotic effects by
quenching oxidative stress, which is causal
to endothelial dysfunction. Delphinidin an-
thocyanins such as delphinidin-3-glucoside
were proposed to inhibit endothelial oxida-
tive injury.3°

Delphinidin glucoside internalizes into en-
dothelium via SGLT1 transporter, quench-
es oxidative stress and improves endothe-
lial function

Preclinical experiments showed that del-
phinidin-3-glucoside is internalized into pri-
mary human umbilical vein endothelial cells
(HUVEQ) via the sodium-dependent glucose
co-transporter (SGLT) type 1.37 An increase
of glucose competed with delphinidin, with
the latter being glucose-dependently less
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actively internalized into endothelium. The
SGLT-1 inhibitor phlorizin abolished the in-
ternalization of delphinidin-3-glucoside by
approximately 96%. SGLT was “knocked-
out” by transfection of HUVECs with small
interfering RNA (siRNA), which resulted in
significant reduction of delphinidin uptake
into human endothelial cells. Iz vivo delphi-
nidin intravenously administered to mice
showed sustained retention in blood ves-
sels as compared to blood. The internalized
delphinidin-3-glucoside was found to atten-
uate oxidized LDL-induced mitochondrial
dysfunction, decreasing superoxide anion
generation and reactive oxygen species.

Interestingly, delphinidin anthocyanins
were described to interact with SGLT in rat
small intestine, which has been suggested to
be the responsible mechanism of action re-
lated to delayed dietary glucose absorption
identified in healthy human volunteers.3®

The effects of delphinidin on expression
of vasoconstrictor endothelin-1 and vasodi-
lator nitric oxide synthase (eNOS) were
shown in human umbilical vein endotheli-
um.? Delphinidin was found to significant-
ly and dose-dependently decrease secre-
tion of endothelin-1 from endothelial cells.
At lowest employed concentration of 50
uM delphinidin, endothelin-1 was reduced
significantly by 58%, whereas cyanidin at
same concentration showed negligible and
insignificant effects. Further to decreased
endothelin secretion with delphinidin, the
study found significantly decreased prepro-
endothelin mRNA expression.

Endothelial nitric oxide synthase quantifi-
cation in human endothelial cells (HUVEC)
showed that 50 pM delphinidin significantly
increased eNOS expression by 58% versus
untreated control, whereas cyanidin at same
concentration had minor effects. Higher
concentrations of both anthocyanidins re-
sulted in elevated expression of eNOS, with
an increase of 78% over untreated control
in presence of 100 uM delphinidin. These
findings point to a potential for delphini-
dins to reduce vascular tension with cor-
responding benefits for improving systolic
and diastolic blood pressure.

Another research group described a
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Figure 4—HUVEC endothelial cells, exposed to oxidized
LDL, release less nitric oxide into cell culture medium,
dropping from 90 uM to 41 pM. Presence of delphinidin
increases nitric oxide in dose-dependent fashion, reach-
ing the greatest effect at 100 uM with no further increase
at high concentrations [Adapted from Chen CY et al.].%0

significant  delphinidin =~ dose-dependent
increase of nitric oxide release from hu-
man endothelial cells (HUVEC) exposed
to 100 pg/mL oxidized LDL.40 In presence
of oxidized LDL, nitric oxide release from
endothelial cells decreased from 90 pM to
42 pM (Figure 4). The affected nitric oxide
release from endothelial cells, as result of
oxidized LDL exposure, was shown to be
delphinidin-concentration dependently re-
stored. In presence of 100 uM delphinidin,
endothelial cells released nitric oxide into
surrounding media at a concentration of 80
M, which did no further increase at greater
delphinidin concentrations.

Delphinidin was shown to concentration-
dependently lower intra-cellular reactive
oxygen species in HUVEC. Endothelial cells
stained with dichlorofluorescine diacetate
showed delphinidin dose-dependent reduc-
tion of intracellular reactive oxygen species
generation when cells were challenged with
oxidized LDL.40 Furthermore, delphinidin
was found to counteract oxidized LDL-me-
diated apoptosis of endothelial cells. More
recently, research from the same group sug-
gests that delphinidin glycoside protects
HUVEC against oxidized LDL-induced in-
jury by induction of autophagy.4 Oxidized
LDL activates autophagy as a cellular self-
protective measure against oxidized LDL-in-
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duced injury and delphinidin glucoside am-
plifies this mechanism in human endothelial
cells. Jin and co-workers discovered that
delphinidin glucoside activates adenos-
ine monophosphate-activated protein ki-
nase (AMPK) and sirtuin-1. The sirtuin-1 is
known to interact with several components
orchestrating induction of autophagy. A
comparative study on anthocyanin-species-
related efficacy for protection of endothe-
lium from oxidized-LDL triggered damage
identified the molecular requirements to an-
thocyanins.® The structure-activity relation-
ship is described to correlate with the total
number of hydroxyl-groups in the B-ring
(maximally 3’ 4’-ortho-dihydroxyl) and the
C-ring (maximal 3), with maximal number
of hydroxyl groups in anthocyanidins pre-
sented in delphinidin.

Delphinidin was demonstrated to potent-
ly inhibit vascular growth factor (VEGF) re-
lease from vascular smooth muscle.42 VEGF
is strongly expressed in human atheroscle-
rotic plaques and the number of VEGF-pos-
itive cells increases gradually with progres-
sion of atherosclerotic plaques. Whereas
cyanidin also showed inhibitory effects on
VEGF expression, malvidin, peonidin, cate-
chin, epicatechin, resveratrol, quercetin and
caffeic acid were found to be ineffective.

Delphinidin has been demonstrated to sig-
nificantly and dose-dependently counteract
oxidized-LDL triggered monocyte endothe-
lium-adhesion and migration.43 Exposure of
endothelial cells to oxidized LDL caused rap-
idly rising intracellular oxidative stress and
induced expression of adhesion molecules
p-selectin and ICAM-1. Delphinidin at concen-
trations of 50 to 200 uM significantly lowered
endothelial intra-cellular oxidative stress and
cell adhesion molecule ICAM and P-selectin)
expression and attenuated monocyte adhe-
sion and migration. In presence of delphinidin
the oxidized LDL-induced endothelial expres-
sion of p38MAPK protein expression, NF-kB
transcription activity and protein expression
was inhibited. Because the adherence of
monocytes to inflamed endothelium plays
an important role in the pathophysiology of
atherosclerosis, Chen et al. suggest a preventa-
tive role for delphinidin.
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Delphinol® delphinidins reduce oxidative
stress in humans

Delphinidins have been demonstrat-
ed to lower oxidized LDL plasma levels
in humans.# Twenty seven women aged
51+6 years with an average body mass in-
dex of 26.4+2.7 kgm=2 smoking in aver-
age 26.4+2.7 cigarettes a day and 23 men
aged 549 years, BMI 26.9+2.5 kgm2 who
regularly smoke cigarettes (15.3+3.2 a day),
were supplemented with 300 mg Delphi-
nol® daily for four weeks in randomized,
double-blind, placebo-controlled, cross-
over fashion. Study participants were ran-
domly assigned to one of two groups with
25 participants each.

Oxidative stress was estimated by meas-
urement of plasma oxidized LDL (immuno-
enzymatically), urine total F2a-isoprostanes
(HPLC) and plasma phosphatidylcholine
hydroperoxides (HPLC). The research out-

Delphinol® p<0.001

o
N
o

40 60 80 100 120 140
oxidized plasma LDL [ng/mL]

Delphinol® p<0.001

e
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0 1 2 3 4 5 6
urinary F2-isoprostane [ng/L]

Figure 5.—Both, urinary F2-isoprostane and oxidized
plasma LDL, as markers of oxidative stress, significantly
decreased in response to four weeks supplementation
with 300 mg Delphinol® as compared to four weeks with
placebo, in double-blind, placebo-controlled, cross-over
fashion. [Adapted from Scapagnini G et al.].44 45
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come showed a statistical significantly de-
creased plasma level of oxidized LDL-cho-
lesterol and F2-isoprotanes (Figure 5).45
Urinary analyses suggest good bioavail-
ability of Delphinol® anthocyanins, with
significant increase of urinary polyphenol
presence after four weeks of Delphinol®
supplementation. The treatment was well
tolerated with no side-effects reported.
Routine safety analyses did not identify clin-
ically significant alterations in biochemical
and hematologic parameters.

Scapagnini et al. also found significant-
ly lowered plasma PCOOH levels in their
subjects supplemented with Delphinol®.
The significantly decreased oxidized plas-
ma LDL values, identified by Scapagnini
et al. in humans, is in good confirmation
with earlier described in vitro and ex vivo
findings shown for delphinidin.10 Ex vivo
experiments with human blood plasma in-
vestigated protective effects of Delphinol®
for preventing unsaturated lipids from per-
oxidation, measuring thiobarbituric acid re-
active substances (TBARS), which form as
by-product of lipid peroxidation using thio-
barbituric acid as a reagent.4 Delphinol®
dose-dependently lowered peroxidation
of unsaturated lipids in human blood plas-
ma, initiated by exposure to 2,2’-azobis-2-
methyl-propanimidamide dihydrochloride
(AAPH). The comparison of Delphinol®
antioxidant effects in plasma with fat-sol-
uble carotenoid-antioxidant astaxanthin
(AstaReal®, Fuji Health Science, Burlington
USA), suggests comparative antioxidant ef-
ficacy for prevention of human plasma lipid
peroxidation at same concentration level of
10 mg/mL. Interestingly, the study identi-
fied synergistic antioxidant effects of both
Delphinol® and AstaReal® at 1:1 ratio, for
prevention of human plasma lipid peroxi-
dation. Delphinol® did likewise show syn-
ergistic effects with vitamin E for protection
of human plasma lipids from oxidation.46

Delphinidins show potential to inhibit ang-
iogenesis

The process of new blood vessel growth
from existing capillaries is involved in both
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physiological as well as pathological proc-
esses. Angiogenesis contributes to uncon-
trolled vessel growth in chronic inflam-
mation, chronic wounds such as ulcers,
retinopathy and other malignancies. In
vitro investigations showed that low con-
centrations of delphinidin inhibit vascular
endothelial growth factor (VEGF)- induced
tyrosine phosphorylation of the VEGF re-
ceptor (VEGFR-2) in HUVEC endothelial
cells, causing inhibition of downstream-
signaling triggered by VEGFR-2.47 The in-
hibition of VEGFR-2 by delphinidin then
inhibits VEGF-induced activation of ERK-
1/2 signaling with the consequence that
human endothelial cells chemotactic mo-
tility as well as their differentiation into
capillary-like tubular structures is inhibited.
Lamy and co-workers found that all other
anthocyanidin species did not display the
angiogenic effects of delphinidin.4”

Delphinidin glycosides inhibit platelet acti-
vation and thrombosis

Platelets from human and murine blood
were investigated for effects of delphinidin
glucoside on aggregation and perfusion
flow ex vivo.4® Delphinidin-3-glucoside was
shown to significantly and dose-depend-
ently inhibit platelet aggregation of platelet-
rich human blood plasma following stimu-
lation with adenosine diphosphate (ADP),
collagen or thrombin receptor activating
peptide (TRAP). Delphinidin glucoside was
described to markedly inhibit ADP-induced
human platelet aggregation at a dosage as
low as 0.5 pM, corresponding to 0.23 mg/L.
Delphinidin-3-glucoside was demonstrated
to inhibit thrombus growth and prolong
the time period to vessel occlusion in vivo.
Furthermore, a significantly delayed blood
vessel occlusion time was identified in a ca-
rotid artery thrombosis model with 50 pM
delphinidin-3-glucoside as compared to a
control group.

Using gel-filtered human platelets, with
other blood plasma molecules removed,
delphinidin glucoside was found to directly
inhibit platelet aggregation. Delphinidin at
concentrations of 5 and 50 uM was further
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shown to inhibit expression of adhesion
molecule P-selectin in human thrombo-
cytes, in response to ADP, collagen, TRAP,
thrombin-stimulated  P-selectin,  CD63,
CD40L. Delphinidin-3-glucoside was further
described to suppress fibrinogen binding to
platelets in both human platelet rich plasma
and gel-filtered platelets.

The authors conclude that delphinidin
glucoside can inhibit platelet activation in-
dependently from other components. The
observation that delphinidin glucoside, ap-
plied at dosages of 0.5, 5 and 50 pM intra-
venously to mice, was shown to not sig-
nificantly affect bleeding time as compared
to control with injected delphinidin-free
buffer, suggests absence of side-effects.
However, the mechanism by which delphi-
nidin glucoside inhibits platelet activation
remains unclear.

Delphinidins supports
bone mineralization

Osteoporosis, the gradual loss of bone
mass, occurs commonly in women follow-
ing the menopause, while men are often
affected at the age of 60 years and older.
This skeletal disease is characterized by
low bone mass and an impaired micro-
architecture of bone tissue, as a result of
which the bones are more prone to frac-
tures than normal. Men at same age only
have half the risk for suffering osteoporotic
fractures than women. Studies have pointed
to the circumstance that elevated oxidative
stress represents an independent risk factor
for osteoporosis.® Various flavonoids such
as quercetin and hesperidin were found to
have preventive potency for bone loss in
ovariectomized- animal models.50 An inves-
tigation of 3160 women, a cohort of female
twins from the TwinsUK registry, elucidat-
ed the correlation between flavonoid con-
sumption, distinguishing between subclass-
es (flavanones, anthocyanins, flavan-3-ols,
oligomeric proanthocyanidins, flavonols
and flavones), and women’s bone density.>!
Total flavonoid consumption was positively
associated with bone mineral density, with
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anthocyanins resulting in greater bone den-
sity of both the hip and spine.

Delphinidin was found to suppress the
differentiation and function of osteoclasts,
the cells resorbing bone. With the activity
of osteoclast cells resorbing bone reaching
equilibrium with osteoblast cells, synthe-
sizing bone formation, osteoporotic proc-
esses were effectively limited. In a rodent
osteoporosis model with ovariectomized
mice the oral administration of delphinidin
was shown to be a potent active ingredi-
ent to limit osteoporotic bone resorption as
shown by computer tomography imaging.52
In cell culture experiments, anthocyanidin
species were compared for inhibition of
osteoclastogenic development from macro-
phage linage, triggered by the NF-kB ligand
(RANKL), which resulted in mild inhibition
with cyanidin, insignificant effects with pe-
onidin, yet dose-dependent and significant
effects with delphinidin. Epicatechin was
utilized as negative control because it does
not possess osteoclastogenic activity. These
investigations suggest a potential benefit
from regular consumption of delphinidin-
rich sources such as Delphinol® for prevent-
ing bone demineralization at higher age.

Conclusions

Both ex-vivo and clinical research suggest
potent antioxidant virtues of delphinidin-
rich Delphinol® maqui berry extract. The
significant reduction of oxidized LDL and
increased blood antioxidant capacity con-
tributes to overall health improvement and
especially supports cardiovascular health.
Delphinol® will contribute to decrease the
risk for developing atherosclerosis. The in-
ternalization of delphinidin glucoside into
endothelium reduces intra-cellular oxida-
tive stress, quenches pro-inflammatory
stimuli, increases autophagy by up-regu-
lated sirtuin-1 and restores activity of nitric
oxide synthase, with consequences on en-
hanced flow-mediated vasodilation. Current
research suggests considerable potential for
improvement of endothelial function with
Delphinol®, comprising blood pressure nor-
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malization, micro-circulation enhancement,
platelet activity normalization, thrombosis
prevention and anti-inflammatory contribu-
tions. The internalization of delphinidin gly-
cosides into endothelium in consequence
will involve this anthocyanin passing the
blood brain barrier, which suggests neuro-
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