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Naturally-derived anti-inflammatories, such as bilberry (Vaccinium myrtillus), are particularly interesting due
to their health benefits. Bilberries are a rich source of primary metabolites, such as sugars and organic
acids, which give the fruit its taste. They also contain anthocyanins, the most abundant group of secondary
metabolites, possessing various biological properties, including anti-inflammatory effects. This paper
reviews current knowledge on the bioactive compounds found in V. myrtillus (bilberry) berries and
summarizes clinical studies investigating the anti-inflammatory effects of various bilberry preparations.

The literature review was conducted using the databases PubMed, Scopus, Web of Science, Science
Direct, NCBI, Google Scholar, and ClinicalTrials.gov.

V. myrtillus was found to be a significant source of bioactive molecules since components of bilberry fruits,
such as polyphenols, anthocyanins, and flavonoids, are well known for their ability to modify cellular
pathways implicated in the pathophysiology of many diseases. A brief review of the clinical study data
related to the bilberry application highlighted its health-promoting effects, specifically its anti-inflammatory
effect.

Bilberry fruit is a rich source of phenolic compounds with high biological potential. These compounds can
be used commercially in pharmaceutical, cosmetic, and natural products industries. However, due to the
wide variety of constituents in the fruit, their potential interactions, and the complexity of their metabolism,
further in-depth studies are needed to better define and characterize the contribution of each active
component and possible synergies between different compounds. Numerous clinical studies have
highlighted the anti-inflammatory properties of V. myrtillus fruits, which could help prevent various
diseases.
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INTRODUCTION

According to the Food and Agriculture Organization of the
United Nations, fruit production has risen continuously in
recent decades (1). However, given the growing world
population and current consumer preferences for organic,
high-quality food and tendency towards healthy lifestyles,
current fruit production may not be sufficient to meet
global demand (2). As fruit production continues to
increase, a significant number of by-products will
inevitably be generated (3). To address this issue and
improve the nutritional value of various foods, it is
important to investigate the use of these by-products in
functional foods as a sustainable approach to reducing
waste production (3-5).

The Vaccinium species, a genus with great morphological
diversity, belonging to the FEricaceae family, are
widespread in Europe, Asia, North and Central America as
well as in Southeast and Central Africa (3, 6-8). Due to
their numerous health benefits, the use of Vaccinium
species is steadily increasing. They have been shown to
be effective in various diseases such as diabetes (9, 10),
obesity (10), rheumatoid arthritis (11), cardiovascular and
neurological disorders (12-14), atherosclerosis (8), and
cancer (15). Humans consume the fruits of different
species including cranberries, blueberries, bilberries, and
lingonberries, some of which are of commercial
importance. These species, including their flowers, leaves
and fruits, are also widely used in traditional medicine in
many countries (16).

The European blueberry, also known as the bilberry
(Vaccinium myrtillus L., Ericaceae), is a small, dark blue
fruit that grows on shrubs of the genus Vaccinium (6-8).
The berries usually ripen between July and September,
and this process is influenced by factors such as site
conditions, altitude, and habitat type (6). Due to their
limited shelf life, the fruits are best eaten fresh, but can
also be preserved by freezing, drying or processing into
products such as jams, juices, wines or liqueurs (17). In the
past, bilberries were used in traditional medicine and
today they are mainly cultivated in Northern and Eastern
Europe and North Africa (18). The appearance and taste of
the fruits of the cultivated bilberry (Vaccinium sp.) are very
similar, but as there are numerous varieties of the species,
no commercial bilberry cultivars have yet been introduced
to the market. Bilberry cultivation areas are spread
globally, and their market share is growing rapidly. The
economic importance of blueberries is evident from the
expansion of global production, which in 2021 for
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example, amounted to 163,741 hectares and 1,113,260.6
tonnes — nearly three times the acreage and double the
yield compared to 2010 (19), this trend continues today.
Bilberries are considered a rich source of carotenoids and
phenolic compounds, and they also contain modest
amounts of various minerals and vitamins (7).
Anthocyanins, the primary class of flavonoids found in
berries, are responsible for giving bilberries their
distinctive blue color (7,8). Research has linked
anthocyanins to various beneficial health outcomes,
including potential treatment or prevention of cancer,
cardiovascular disease, diabetes, obesity, aging-related
ilinesses, urinary tract infections, and periodontal disease
(3-15). Moreover, bilberries’ high flavonoid content has
garnered attention as a source of coloring compounds for
use in food and medicine. The growing consumer
preference for meals perceived as healthier and more
natural has spurred increased interest in these fruits (20).
Currently, many products on the market incorporate
bilberries, highlighting their beneficial effects, particularly
their antioxidant potential (7). In the European Union,
according to the Cosmetic Ingredients and Substances
Database (Coslng), extracts from V. myrtillus fruit, fruit
water (an aqueous solution of steam distillates from the
fruit), and fruit juice are used for skin conditioning (21).
Additionally, extracts of the fruit and leaves are employed
as astringents, refreshers, skin conditioners, and tonics
(21).

Inflammation is a natural defense mechanism of the
human body, triggered by potential threats such as
allergens and tissue damage (22). While it serves a
protective role, uncontrolled inflammation can lead to
various disorders, including cancer, autoimmune diseases,
cardiovascular issues, allergies, and metabolic syndrome.
These conditions not only affect individuals but also have
significant societal impacts. Drugs such as steroids, non-
steroidal  anti-inflammatory ~ drugs ~ (NSAIDs),  and
immunosuppressants are commonly used to treat and
suppress inflammation. However, it is important to
recognize that these medications can have side effects.
Therefore, administering the lowest effective dose while
achieving optimal efficacy and minimizing side effects is
crucial (22,23). To enhance pharmaceutical efficacy and
reduce side effects, incorporating natural anti-
inflammatory agents into therapy is essential. There is a
growing need to explore herbal medicines, as they play a
vital role in modern healthcare. Guidelines for herbal
medicines largely stem from complementary, alternative,
and traditional practices. However, these guidelines must
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be scientifically validated before being integrated into
modern medicine.

The present review is designed to report the current
knowledge on the bioactive compounds of berries from
the V. myrtillus and to summarize the clinical study of the
anti-inflammatory effects of different bilberry preparations
published from 2007 to 2024.

METHODS

The literature search was conducted using several
electronic databases, including PubMed, Scopus, Web of
Science, ScienceDirect, NCBI, Google Scholar, and
ClinicalTrials.gov. The search strategy used the keywords
‘anti-inflammatory’, ‘bilberry’, and ‘Vaccinium myrtillus’.
Only studies published in English were included. The
search covered the period from 2007 to the present and
initially identified 40 records. After screening for relevance
and applying the predefined inclusion and exclusion
criteria, 13 studies were excluded, resulting in a final
selection of 27 studies for analysis.

Bioactive compounds

Phenolic compounds represent the primary group of
phytochemicals found in V. myrtillus berries (3, 24-25). The
concentration of these compounds can be affected by
various factors, including the stage of ripeness, storage
conditions, and environmental factors during growth.
Research has demonstrated that berry bushes grown in
cold climates with short growing seasons produce fruits
with higher levels of phenolic compounds compared to
those cultivated in moderate climates (26). The berries
from V. myrtillus represent an exceptionally rich natural
source of anthocyanins, containing the highest levels
found in any fruit (300—700 mg/100 g of fresh fruit) (3).

Anthocyanins are present in the outer layer of fruits, along
with phenolic compounds, and smaller amounts can also
be found in the pulp and seeds. The V. myrtillus is
characterized by the presence of delphinidin and cyanidin,
petunidin, peonidin, and malvidin (3, 24-27). The vibrant
color of V. myrtillus berries is attributed to the high
concentration of anthocyanidins, which can constitute up
to 2% of the fresh mass in the peels and pulp.
Approximately 90% of the phenolic compounds in bilberry
fruits are anthocyanins. In bilberries, common derivatives
of delphinidin, cyanidin, peonidin, petunidin, and malvidin
include mono-, di-, and trisaccharides. The principal
sugars found are glucose, galactose, xylose, rhamnose,

AFMN Biomedicine 2025; 42(4):432-442

https://doi.org/10.65641/afmnai-2025-121

and arabinose (3,8). The cyanidin 3-0O-galactoside,
cyanidin -~ 3-O-glucoside,  cyanidin ~ 3-O-arabinoside,
delphinidin 3-O-galactoside, delphinidin 3-0-arabinoside,
delphinidin -~ 3-O-glucoside, malvidin ~ 3-O-galactoside,
malvidin  3-O-arabinoside,  malvidin ~ 3-O-glucoside,
petunidin - 3-O-galactoside, petunidin  3-O-arabinoside,
petunidin 3-O-acetylglucoside, peonidin 3-O-galactoside,
and peonidin 3-O-arabinoside were identified in the fruits
of V. myrtillus (8,28). According to the 10" edition of the
European Pharmacopoeia, the anthocyanins in bilberry
extracts are significantly abundant, with recommended
level between 32% and 40% of anthocyanidins (the
aglycone form of anthocyanins) (29). The fresh bilberry
fruits (Myrtilli fructus recens) should contain at least 0.3%
anthocyanins  (expressed as cyanidin  3-O-glucoside
chloride) and the dried fruits (Myrtilli fructus siccus) should
have at least 1.0% of tannins (expressed as pyrogallol),
according to the European Pharmacopoeia monographs
(30,31).

In bilberry fruits, the predominant flavonol is quercetin,
constituting over half of the total flavonoid content (3,8).
The second most abundant flavonoid is myricetin, while
other flavonols such as isorhamnetin, syringetin, and
laricitrin are present in lower concentrations (3,8). The two
primary glycosides found in bilberry fruits are rhamnosides
and glucuronides (32-34). Apigenin, chrysoeriol, myricetin,
myricetin-3-xyloside, quercetin 3-O-glucuronide, quercetin
3-O-xyloside, isorhamnetin 3-O-glucoside, luteolin (35) as
well as kaempferol, isorhamnetin, laricitrin, syringetin,
isorhamnetin 3-O-galactoside, myricetin 3-O-glucuronide,
laricitrin ~ 3-O-glucoside,  syringetin  3-O-glucoside,
kaempferol 3-O-glucoside, myricetin 3-O-galactoside are
also described in V. myrtillus (36).

The fruits of the V. myrtillus are also a valuable source of
organic acids and their byproducts. Bilberry fruits contain
citric, malic, quinic, and shikimic acids. Additionally, they
are rich in phenolic and hydroxycinnamic acids such as
gallic, ellagic, and syringic, as well as p-coumaric, caffeic,
and ferulic acids. There is also a smaller amount of
dihydroxybenzoic acid, salicylic acid, and vanillic acid in
the fruits. These organic acids can exist in free, etherified,
or esterified forms. During the etherification process,
various saccharide fractions are typically involved, forming
esters with each other or with distinct phenolic
compounds (32-34).
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Clinical studies of different bilberry preparations

In the traditional medicine, bilberries have been used to
treat  various  conditions, including skin  ulcers,
hemorrhoids, nausea, vomiting, diarrhea, mucosal
inflammation, and to improve eyesight (37). Their anti-
inflammatory effects are attributed to the downregulation
of pro-inflammatory molecules s, such as tumor necrosis
factor alpha (TNF-a), interleukin-1 beta (IL-18), and
interleukin-6 (IL-6) and enzymes inducible nitric oxide
synthase (INOS), and cyclooxygenase-2 (COX-2). These
effects involve alterations in signaling pathways, including
nuclear factor-kappa beta (NF-kB) and Janus kinase-signal
transducer and activator of transcription (JAK-STAT), as
well as a reduction in reactive oxygen species (ROS) levels
in both cell cultures and experimental animals (38,39). The
anti-inflammatory action of different formulations of
bilberries has been confirmed in several clinical studies
(40-45). In these studies, bilberries were administered in
the form of juices, fresh/frozen berries, freeze-dried
preparations, or anthocyanin rich extract (Medox®). The
anti-inflammatory  effects of bilberry extracts and
anthocyanins were clearly documented, and notably, none
of these formulations reported any side effects (Table 1).
Daily intake of anthocyanins, which are the main group of
phenolic compounds in bilberries, was administered at
doses of up to 640 mg/day without adverse effects
reported (46).

Medox® capsules contained purified anthocyanins isolated
from bilberries (V. myrtillus) and blackcurrant (Ribes
nigrum), with cyanidin and delphinidin-3-0-B-glucosides
accounting for at least 40-50% of the total anthocyanins.
In a study involving 120 participants over three weeks,
these capsules were shown to reduce levels of the pro-
inflammatory mediators interleukin-4 (IL-4), interleukin-8
(IL-8), interleukin-13 (IL-13), and interferon alpha (IFNa) (40).
Supplementation with bilberry juice also reduced levels of
circulating high-sensitivity C-reactive protein (hs CRP), IL-6
and interferon-gama (INF-y)-induced monokine (MIG).
Interestingly, this study observed an unexpected increase
in plasma levels of TNF-a; however, there were no
significant effects on clinical factors, antioxidant status, or
free radical levels (41). Lehtonen and co-workers (47)
reported that consumption of 100 g whole frozen
bilberries for 33-35 days reduces plasma levels of TNF-q,
circulating vascular cell adhesion molecule-1 (sVCAM-1)
and adiponectin in overweight and obese women.
Circulating adiponectin  levels positively correlate with
insulin sensitivity and inversely with body fat and
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inflammation. The lower adiponectin levels observed after
whole frozen bilberry consumption may not have been
directly caused by the bilberries, but rather due to an
insufficient interval  between ingestion and the
measurement of circulating adiponectin levels. Widén and
co-workers (42) documented that consumption of 500 g of
bilberries per day decreases inflammatory cytokine levels
(IL-18, IL-6, and vascular endothelial growth factor (VEGF)),
resulting in a reduction of gingival inflammation.
Additionally, the anti-inflammatory properties of bilberry
anthocyanins may expedite the healing process after
physical activity. A study by Lynn and co-authors (43)
showed how bilberry juice consumption affects
inflammation and exercise-induced muscle injury in
recreational runners training for a half-marathon.

An inflammatory reaction promotes the generation of
reactive oxygen species, creating a pro-inflammatory
environment. In a double-blind, placebo-controlled
intervention study, the ingestion of 660 mL of bilberry/red
grape juice per day for nine weeks was found to reduce
biomarkers of inflammation and oxidative stress in 60 men
with subjective memory impairment (48). The intervention
resulted in decreased levels of macrophage inflammatory
protein (Mip)1B3, VEGF, IL-6, TNF-a, and other biomarkers of
inflammation and tissue damage (lactate dehydrogenase,
LDH). Even though these markers were decreased, the
memory scores of the participants remained unchanged
(48).

Reactive oxygen species are produced in the inflamed
colon as a result of an excess of neutrophils and
macrophages associated with ulcerative colitis. In an open
pilot trial involving 13 patients with mild to moderate
ulcerative colitis, the consumption of 160 g of bilberry
preparation, providing 210 mg of anthocyanins per day for
six weeks, significantly reduced mucosal inflammation
(49). This intervention also decreased the level of
calprotectin in  feces and modulated inflammatory
changes. Specifically, it reduced the expression of IFN-y,
TNF-a, and interferon gamma receptor 2 (IFN-yR2),
increased serum levels of monocyte chemoattractant
protein-1 (MCP-1), and altered the expression of IL-10 (44).
Metabolic syndrome (MetS) is a global health concern
associated with inflammation, dyslipidemia, obesity, and
hyperglycemia. In a study, the serum levels of hsCRP, IL-6,
IL-12, and lipopolysaccharides (LPS) were significantly
decreased in men and women with MetS when 400 g of
fresh bilberries (equivalent to 200 g of berry puree and 40
g of dried berries) were incorporated into their diets (45).
Interestingly, the levels of leptin and adiponectin were
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Table 1. Summary of clinical studies on anti-inflammatory effects of different bilberry extracts published from

2007 to 2024
Intervention (reference) Chemical profile Study design ‘Outcome measure Results
Double blinded, randomized, 6-minute walk test, CRP, IL-6, TNF-a, Study results have not
clinical trial, INF-y, markers of oxidative stress: been submitted. This may

Billberry powder
3 times daily (7)

NA

50 patients suffering from
STEMI (ST-segment
elevation myocardial

infarction) or non-STEMI

(non-ST-segment elevation
myocardial infarction)
3 months

(oxidized LDL, carbonylated proteins
Hz02, hexanoyl L lysine, NOS), markers
of myocardial damage and heart failure

BNP and troponin |, markers of
endothelial function: VEGF, 8-isoprostane,
E-selectin, plasma lipids; total cholesteral,

LDL-cholesterol, TGA

be because the study
hasn't been done, the
deadline for submitting
results has not passed, or
this study does not require
the results to be
submitted.

275-mg Medox® capsules 2
times/day, providing a total of 300
mg anthocyanins/day (40)

Medox® capsules contained
purified anthocyanins isolated
from bilberries (V. myrtillus) and
blackcurrant (Ribes nigrum);
cyanidin and delphinidin 3-0-§-
glucosides constituted at least
40-50% of the total anthocyanins

Parallel-designed, placebo
controlled clinical study, 120
participants, 3 weeks

Cytokines (IL-18,

IL-1Ra, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12,
IL-13, IL17, TNFa, IFNa, IFNG), GM-CSF,
Mip-1a, MIP-18, IP-10, MCP-1, eotaxin,
RANTES, CRP

114, I8, [IL13, |IFNa
| LIRANTES

330 ml bilberry juice/day (diluted to 1

Parallel-designed

CRP, ILAB, IL-1a, I-1 IL1Ra IL-2, IL-2R
IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12, IL-
13, IL-15, IL-17, TNF-a, IFN-a, IFN-y, GM-
CSF, MIP-1a, MIP-18, IP-10, MCP-1,
MIG, eotaxin, RANTES, WBC, fibrinogen,

LCRP, JIL-6, [IL-15,
IMIG, 1TNF-q, tplasma
quercetin, T p-coumaric

acid,

(50)

55 MetS or normal,
28 days

NA randomized clinical study, no differences were

L using tap water) (41) 62 participants, 4 weeks uric aid, observed for clinical

' y-GT, total proteins, cholesterol, TGA, arameters oxidative

biomarkers of oxidative stress status pslress or antioxidant

(DHAA, D-ROM, oxidized glutathione, status
plasma GSH redox potential)

| BOP, significant

differences between

baseline and study
250 or 500 g bilberries daily over NA 24 adult with gingivitis, BOP, cytokines (IL-15, IL-1Ra, IL-6, IL-12, endpoint after intake of

seven days (42) 7 days IP-10, PDGF-BB, MIP-1a, and VEGF 500 g of bilberries/day for
three of the cytokines
studied: IL-18
IL-6 and VEGF
200 mL bilberry juice twice per day, Single blind, randomized,
each 200 ml bottle also contained placebo-controlled, parallel tmoderate CRP 24 h
80.04 + 3.51 mg of total NA study, 8 days, 21 DOMS, muscle damage (CK), CRP post-race
anthocyanins (43) recreational runners
Qpen pilot trial,

. ) 13 patients with mild to TNF-a, MCP-1, IL-10, IL-13, IL-17a, IFN-y | |IFN-y, | TNF-c, |p65,

160 g of bilberry preparation (44) NA moderate ulcerative colitis, INF-kB,7IL-22, 11L-10

6 weeks
Random';ﬁg controlled No differences in body
400 g fresh bilberries 97 partici antg with MetS Body weight, body composition, blood weight, glucose or lipid
200 g of bilberry puree and 40 g of NA P fgatures pressure, inflammation score, glucose and metabolism,
dried bilberries (eq. 200 g of fresh A-week runin 8-week lipid metabolism, transcriptomic gene 1hsCRP, IL-6, IL-12, LPS,
bilberries) (45) dietéry \nterve;nt(\or; and 4- expression analyses lranscnplnmlc gene
week recovery uénods expression analyses
Rar;?&l;l;lz:‘:%(;;omsgfgver Body composition, plasma glucose, serum
Y total cholesterol, HDL, LDL,

100 g frozen, whole berries (47) NA overweight and obese triacylglycerols, y-GT , glycated (TNF-a, ,sVCAMHT,
women, intervention (33-35 ladiponectin
days) and wash-out (30-39 hemoglobin, hsCRP, insulin, sSICAM-1,

¥ days) pe;iods sVCAM-1, TNF-a, IL-6, adipokine, HbA1c
Double blind, placebo-
330 mL of bilberry/red grape contfrolled study, 60 men Neuropsychological test scores and whole |IL6, | TNF-a, |[EGF,
NA
preparation, 2 times a day (48) with subjecfive memory, blood gene regulation IMip18, [VEGF
_9 weeks
160 g of bilberry preparation, 210 mg NA Ops:ﬂ::ﬂg';_;sdg?;gm Sigmoidoscopy, fecal calprotectin, CAl LFecal calprotectin levels,
anthocyanins per fray (49) ulcerative colitis. 6 weeks assessment, SIBDQ lendoscopic Mayo score
2 x 80-mg Medox® capsules two Ran‘%%?:}zlfga m\zfebo Serum levels of lipid concentration, uric |FBG, |TG, |[LDL-C,
times per day (morning and evening) NA § acid, hsCRP, FBG, expression of P- 1hsCRP, |ADP-induced

selectin/CD62P

platelet

2x 80 mg anthocyanin capsules
twice daily (30 min after breakfast
and supper) for a total intake of 320
mg anthocyanins/d (51)

bilberries and blackcurrants

Randomized, double-blind,
placebo controlled study,
150 hypercholesterolemic

participants,
24 weeks

hsCRP, sSVCAM-1, TNF-a, IL-18, lipids
and glucose

1hsCRP, [sVCAM, [IL-
18, |LDL-cholesterol
THDL-cholesteral, no

significant differences in

the levels of glucose and
insulin

Medox® capsules -
anthocyanin capsule contained 80
mg (52
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Anthocyanins that were extracted
from bilberry (blueberry) (V.
miyrtillus) and black currant (R
nigrum)

Double-blind, randomized
placebo-controlled crossover
study,

31 healthy men,
4-week with a 4-week
washout

Sitfing systolic BP, CVD-related
parameters; total cholesterol, HDL-C, total
cholesteral/HDL-C ratio, LDL-C,
triglycerides, lipoprotein a, fasting
glucose, HbA1c, albumin/creatinine ratio,
insulin, HOMA-IR, homocysteine,
hematological and liver- and kidney
markers, markers of inflammation and
nyidative strass and nlasma nnlvnhannls

https://doi.org/10.65641/afmnai-2025-121

THDL, tblood glucosevon
Willebrand factor No
effects were observed on
inflammation or oxidative
stress
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Nedox® capsules (53)

Anthocyanins that were extracted

from bilberry (blueberry) (V.
myrtiflus) and black currant (R
nigrum)

Randomized, double-blinded
placebo-controlled study,
169 participations,
12-weeks

Anthropometric measurement, plasma

ceramide, fasting blood TC, HDL-C, TG,

ApoA-l, ApoB, glucose, insulin, plasma
cholesterol efflux

1 Cer 16:0, | Cer 18:0
| Cer 20:0, | Cer 22:0,
1 Cer 24:0, | Cer 24:1,
tenhanced cholesterol
efflux capacity

Mirtoselect® (54)

Standardised bilberry extract (36
% (wfw) anthocyanins)) which
equates to about 50 g of fresh
bilberries formulated in gelatin

capsules

Randomised, double-
blinded cross-over study,
8 males with type 2 diabetes

Oral glucose tolerance testing, glucagon-
like peptide-1c, antioxidant assays

1glucose |insulin
no change in the gut
(glucagon-like peptide-1,
gasiric inhibitory
polypeptide), pancreatic
(glucagen, amylin) or anti-
inflammatory (monocyte
chemotactic protein-1)
peptides, antioxidant
(Trolox equivalent
antioxidant capacity,
ferric-reducing ability of
plasma)

Bilberry-blackcurrant purée,
139 g Lingonberry purée, 122 g
Bilberry soup, 250 ml (55)

NA

Randomized, single-blinded
crossover study,
26 participations

Postprandial glucose, insulin, free fatty
acids, satiety scores assessed by using
visual analogy scales, heart rate variability

1glucose | insulin, | non-
esterified fatty acids
(NEFA)

650 mg per tablet with 150mg V.
myrtiflus L. extracts, twice a day (56)

NA

Randomized double-blind
study,
80 participations,
3 months,

Plasma AGEs, sSRAGE levels,
urinary AGEs levels, transcription levels of
RAGE and AGER?1, gut microbiota, skin
AGEs levels, body weight, body
composition (body fat mass and lean
mass), plasma total cholesterol, LDL, HDL
and triglycerides, CRP, IL-6 and TNF-a,
SCFA

Study results have not
been submitted. This may
be because the study
hasn't been done, the
deadline for submitting
results has not passed, or
this study does not require
the results to be
submitted

Billberry powder
3 times daily (57)

NA

Double blinded, randomized,
clinical trial,

50 patients suffering from
STEMI (ST-segment
elevation myocardial

infarction) or non-STEMI

(non-ST-segment elevation
myaocardial infarction)
3 months

6 minutes walk test, C-reactive protein, IL-
6, TNF-a, INF-y, markers of oxidative
stress (oxidized LDL, carbonylated
proteins, 2-OHDG, H=0-, hexanoyl L
lysine, nitrogen oxide synthase), markers
of myocardial damage and heart failure
(BNP and troponin ), markers of
endothelial function (VEGF, 8-
isoprostane, E-selectin, LDL, TGA)

Study results have not
been submitted. This may
be because the study isn't

done, the deadline for
submitting results has not
passed, or this study isn't
required to submit results.

Bilberry shakes 2 times daily
(containing in total 40g of dried
bilberry powder equalling 480 g of
fresh berries per day) (58)

NA

Randomized, double-blind,
placebo-controlled study,
900 participations,

3 months

Lipid profile (HDL, TGA, total cholesterol,
LDL, apo A, apo B, Lp(a) and oxidized
LDL), symptom-limited bicycle ergometer
test, dynamic unilateral heel-Ift and
unilateral shoulder flexion tests, self-
reported physical activity level, troponin,
NT-proBNP, hsCRP, IL-6 and HbA1c,
insulin, creatinine, Cystatin C, glucose
and C-peptide, fecal samples of gut
microbiota composition, left ventricular
systolic function, resfing heart rate,

systolic and diastolic blood pressure

Bilberry capsule (59)

containing bilberry dried extracts
at 23.2 mg and bilberry powder at

Randomized, double-blind
placebo-controlled study,
80 participations with
confirmed diagnosis of dry

Study results have not
been submitted. This may
be because the study
hasn't been done, the
deadline for submitting
results has not passed, or
this study does not require
the results to be
submitted.

Schirmer's Test, Tear Film Breakup Time,
Ocular Surface Index, Intraocular

Study results have not
been submitted. This may
be because the study
hasn't been done, the
deadline for submitting

160 mg (25% anthocyanosides) (62)

over trial 2 x 28 days

32mg, Pressure results has not passed, or
eve, 3‘?““5 and washout this study does not require
period for 20 days. the results to be
submitted.
Study results have not
been submitted. This may
be because the study
hasn't been done, the
Bilberry-based probiolic beverage NA Randomlzed: para_l\e\ study, Postprandial levels of serum insulin deadline for submitting
(60) 32 participations results has not passed, or
this study does not require
the results to be
submitted.
K Study results have not
- Randomized, double been submitted. This may
Capsules containing 320 mg blind,placebo contoled be because the stud
anthocyanins derived from bilberry cross-over study, Total/HDL cholesterol, TGA, cholesterol hasn't been done thz
fruit (delphinidin type), 320 mg NA 55 participations, eaach efflux capacity, PON-1 activity, bile acids deadline for submittin
anthocyanins derived from black rice treatment will be ingested for and derivatives, glucose, fructosamine results has not passed gcr
(cyanidin type) and a placebo control 2§ days with a wash-out and insulin, MicroRNA expression this study does Eot require
(61) period of 4 weeks in- theyresults to beq
between submitted.
Change of the dark adaption of the pupil Study results have not
Double-blind, randomized, using the method of the dark adaption been submitted. This may
Bilberry exiract capsules, NA placebo controlled, cross- Goggles (DAG), Changes of the dark

adaption using dark flashes, Changes of
the weakest, correctly recognised contrast

be because the study
hasn't been done, the
deadline for submitting
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level, Assessment of subjective efficacy
based on a visual analogue scale (VAS)
rating questionnaire, assessment of
clinical global impression on a 5-point
rating scale

results has not passed, or
this study does not require
the results to be
submitted

A powder product (4 g) that will be
mixed into a drink and consumed
immediately prior to eating a high-fat
meal consists of 3 g of amix a
maltodextrins, and 1 g of
anthocyanin-rich plant polyphenol

Randomized, placebo-

Plasma endotoxin, IL-6, insulin, GLP-1,
GLP-2, GIP, plasma adiponectin, leptin,
ghrelin, TGA, plasma fotal cholesterol,

Study results have not
been submitted. This may
be because the study
hasn't been done, the

Swedish National Food Agencies
recommendations, placebo
comparator potato starch (64)

blend (100 mg bilberry extract, 300 NA controlled cross-over study, HDL, LDL, zonulin, plasma total deadline for submitting
mg black currant extract, and 600 27 participations polyphenols, anthocyanidins, catechins, results has not passed, or
mg black rice extract). The placebo glucose, PBMC (IL-8, IL-10, IL-18, IL - this study does not require
(4 g) consists of a mix of 12e70, TNFa, NF-kB) the results to be
maltodextrins (3.85 g) and Red Dye submitted.
No. 40 (0.125 g) and Blue Dye No. 1
(0.025 q) (63)
Several different berry powders
including rose hip, bilberry, Study results have not
been submitted. This may
blackcurrant, sea buckthom, and be because the study
p'(;r‘:\%’;b:r:g azﬁ;;ﬁg % gs?ag g gargh Raggﬁ{?éﬁgg' Spl::;:; bo- Changes in the extent of gingivitis, as hasn't been done, the
= NA . - determined by severity of gingival deadline for submitting
week until we reach a maximum 18 participations, ; .
dosage of 50 g according to the 5 weeks bleeding, VSEGF, saliva and gingival fluid | results has not passed, or

this study does not require
the results to be
submitted

ACRB - softgels consisting of
anthocyanin-rich blend .
Product consumed once daily,
preferably with breakfast (65)

Softgel contain: 49 mg bilberry
extract; 101 mg black currant
extract; and 303 mg black rice

extract. The product also contain
olive oil, sunflower lecithin, yellow

beeswax, bovine gelatin, and
water

Randomized placebo
controlled study,
30 participants, 8 weeks

Plasma TGA, free fatty acids, HDL, LDL,
glucose, insulin, LPS, LPS binding
protein, PBMC gene expression, plasma
total polyphenols, plasma total
anthocyanidins, Irisin, total blood gene
expression, fecal microbiota, fecal short
chain fatty acids, skin carotenoids

Study results have not
been submitted. This may
be because the study
hasn't been done, the
deadline for submitting
results has not passed, or
this study does not require
the results to be
submitted.

320-mg anthoycanins twice daily
66)

Total of 17 different purified

anthocyanins (mostly cyanidin 3-
O-f-glucosides and delphinidin 3-

0O-B-glucosides were extracted
from bilberry (V. myrtilius) and
black currant (R. nigrum)

Double-blind randomized
placebo-controlled crossover
study,

31 healthy men,
4-week with a 4-week
washout

Sitting systolic, diastolic blood pressure
(BP) and heart rate (HR), supine BP and
HR, 24-h ambulatory BP and HR,
Finometer BP and HR, cardiovascular and
catecholamine stress reactivity, renin,
aldosterone, angiotensin-converting

enzyme and catecholamines in platelets

Not significantly changed
sitting BP or 24-h
ambulatory BP,
differences in components
of the rennin—angiotensin—
aldosterone system,
platelet catecholamines or
differences in CV or
catecholamine responses
between treatment
periods were nof found
Resting supine BP
measured by Finometer
tended to be lower in the
anthocyanin period.

Standardized bilberry extract (67)

Cyanidin 3-glucoside as the
anthocyanin reference 35.82%

Randomized, double-blind,
placebo-controlled, parallel
study, 109 healthy adult men
and women, 12 weeks

Qcular tests, Ocular fatigue test

Post-load HFC-1 values
were significantly
improved

apolipoprotein A-I-ApoA-I; apolipoprotein B—ApoB; bleeding on probing—BOP; brain natriuretic peptide—BNP; C-
reactive protein—CRP; creatine kinase— CK; delayed onset muscle soreness—DOMS; granulocyte-macrophage
colony-stimulating factor—factor GM-CSF; fasting blood glucose—FBG; fecal short chain fatty acids—SCFA;

glycated

haemoglobin—HbAIc;

y-glutamyltransferase—y

-GT, 'y glutamyl

transpeptidase

GGT—y-GT;

granolyte/macrophage colony-stimulating lipopolysaccharides—LPS; high sensitivity C-reactive protein—hsCRP;
high-density lipoprotein cholesterol—HDL; homeostasis model assessment of insulin resistance—HOMA-IR;
interferon gamma-induced protein 10—IP-10; immunoprotein—IP-10; monocyte chemoattractant protein—MCP; IL-
1 receptor antagonist—IL-1Ra; low-density lipoprotein cholesterol—LDL; macrophage inflammatory protein—MIP;
monokine induced by IFN-y—MIG; nitrogen oxide synthase—NOS; platelet-derived growth factor —PDGF; platelet
surface marker—P-selectin/CD62P; plasma advanced glycation end products AGEs; regulated upon activation,
normal T cell expressed and secreted—RANTES; soluble intercellular adhesion molecule—sICAM-1; soluble
vascular cell adhesion molecule—sVCAM-1; soluble receptor for advanced glycation end products—sRAGE;
triacylglycerides—TGA;vascular cell adhesion molecule-1—VCAM-1; vascular endothelial growth factor—VEGF;

white blood cells—WBC.
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unaffected by bilberry administration. This suggests that
bilberries may help alleviate MetS through their mild anti-
inflammatory potential. In another study, Aboonabi and co-
workers (50) found that subjects with MetS who consumed
Medox® capsules twice a day for four weeks, experienced
significant reductions in inflammation and improvements in
their lipid profiles. This was evidenced by the decreased
levels of inflammatory biomarkers, fasting blood glucose,
low-density lipoprotein (LDL) cholesterol, triglycerides, and
total serum cholesterol levels.

Supplements containing anthocyanins enhance the lipid
profile by increasing high-density lipoprotein cholesterol
(HDL) and lowering LDL cholesterol. In a study involving
150 hypercholesterolemic participants, Zhu and co-
workers (51) found that 24 weeks of supplementation with
a processed anthocyanin mixture (320 mg/day bilberry and
blackcurrant) decreased serum levels of hsCRP, sVCAM-1,
IL-18, and LDL cholesterol, but increased HDL cholesterol.
A similar effect was observed in a study with 31 healthy
men conducted by Hassellund and associates (52).
Furthermore, among the 169 participants, 12 weeks of
supplementation with 40, 80, or 320 mg/day of
anthocyanins resulted in a dose-dependent decrease in
plasma ceramide levels accompanied by an increase in
cholesterol efflux capacity (53). Hoggard and co-workers
(54) conducted a randomized, double-blind, crossover
study involving males with type 2 diabetes. They found
that treatment with a standardized bilberry extract
containing 36% (w/w) anthocyanins, equivalent to about
50 g of fresh bilberries in gelatin capsules, resulted in
reduced levels of glucose and insulin. Similarly, another
study also reported decreased glucose and insulin levels
following bilberry supplementation (55).

Some clinical studies involving subjects treated with
bilberry powder, extracts, or bilberry-based shakes and
probiotic drinks have not yet produced results. This may
be due to various reasons, such as the studies still being
ongoing, the submission deadlines for results not yet
passing, or the studies not being required to submit results
at all. While research on humans has indicated that
bilberries possess anti-inflammatory properties, these
findings come with certain limitations. Considerable
variation has been observed across these studies, which
can be attributed to differences in regimens, doses,
durations, sites, and populations involved.
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CONCLUSION

Bilberry is well-regarded for its potential health benefits
and as a functional food, supported by numerous studies
that have identified and quantified various bioactive
phytochemicals known to benefit human health. Research
findings have demonstrated the anti-inflammatory effects
of different V. myrtillus fruit preparations, which could
contribute to the prevention of several diseases. Upon
ingestion, anthocyanins are metabolized into various
conjugates, which further break down into phenolic acid
degradation products. Accumulating evidence suggests
that the combined effects of these metabolites may
explain their health-promoting properties. Additionally,
there is significant inter-individual and intra-individual
variability in the absorption, metabolism, distribution, and
excretion of anthocyanins. Current research indicates that
bilberries are among the fruits with the most significant
positive impact on human health.
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