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Abstract

Empetrum nigrum, commonly referred to as crowberry, is a low-growing evergreen shrub, growing in the
National Park Sar Mountain, with notable ecological, medicinal, and economic significance. This review
highlights its unique adaptations to circumboreal and alpine environments, emphasizing its role in nutrient-
poor ecosystems and its contributions to biodiversity and soil stability. The plant's phytochemical profile,
including chalcones, flavonoids, and phenolic compounds, underpins its medicinal properties, with
demonstrated antioxidant, anti-inflammatory, and antimicrobial activities. Additionally, its allelopathic effects
influence plant community dynamics and ecosystem processes. Despite its limited domestication, E. nigrum
presents significant economic opportunities in health, wellness, and sustainable land management. With climate
change affecting its distribution, integrating ecological and economic strategies is critical for its conservation
and exploitation. This review provides an interdisciplinary synthesis of E. nigrum botany, ecology,
phytochemistry, and economic prospects, offering a foundation for future research and application.

Keywords: Crowberry, Republic of North Macedonia, Bioactivity, Chemistry, Traditional use

1. Introduction

Empetrum nigrum (EN), or crowberry, is an evergreen dwarf shrub native to circumboreal and
alpine regions, thriving in harsh climates characterized by nutrient-poor, acidic soils. Its small,
dark-purple to black berries and needle-like leaves are distinctive features, enabling it to form
dense ground cover that stabilizes soils and supports nutrient cycling. The plant's dioecious
flowering system enhances genetic diversity and adaptability, making it a keystone species in
fragile ecosystems (Bezverkhniaia et al., 2021). E. nigrum serves as a crucial food source for
wildlife and fosters biodiversity by providing habitat for various invertebrates (Tybirk et al.,
2000).

The plant's allelopathic effects, driven by secondary metabolites like batatasin-111, significantly
impact nutrient cycling, decomposition, and plant community structure (Gonzélez et al., 2015).
These effects vary with environmental conditions, such as temperature and soil moisture,
underscoring the dynamic role of E. nigrum in ecosystem processes (Wardle et al., 1998). Its
dual role as a competitor and facilitator in plant interactions adds complexity to its ecological
significance, with potential applications in sustainable weed management and ecosystem
restoration (Grau et al., 2010).

In addition to its ecological importance, E. nigrum is a source of bioactive compounds with
significant medicinal potential. Its phytochemical profile includes chalcones, flavonoids, and
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phenolic compounds, which exhibit antioxidant, anti-inflammatory, and antimicrobial
activities (Ponkratova et al., 2021a; Ponkratova et al., 2021b). These properties have
implications for the treatment of chronic diseases such as cardiovascular disorders and
neurodegenerative conditions, highlighting its potential in pharmaceutical and nutraceutical
applications. Traditional uses of E. nigrum for treating colds, inflammation, and digestive
disorders are being validated by modern pharmacological studies, further supporting its
integration into healthcare systems (Oprica & Manzu, 2016).

E. nigrum also holds substantial economic promise. Historically, it has been a vital food source
for Indigenous peoples, valued for its nutritional and medicinal properties (Lorion & Small,
2021). Today, it is gaining commercial interest as a functional food ingredient and natural
antioxidant source. Despite limited domestication efforts, semi-cultivation in natural habitats
is considered a sustainable approach to its exploitation (Nestby et al., 2019). Furthermore, its
role in agroforestry and ecotourism aligns with biodiversity conservation and offers
opportunities for income generation in rural communities.

Climate change poses challenges to the distribution and productivity of E. nigrum, with varied
responses observed across latitudes (Buizer et al., 2012). In the Ukrainian Carpathians, E.
nigrum communities are considered relicts and face extinction risks due to anthropogenic
pressures (Felbaba-Klushyna & Huklyvska, 2023). Historical pollen records suggest its
abundance has been influenced by climatic shifts, making it an indicator species for past and
present environmental changes (Tallis, 1997).

The Sar Mountain National Park covers approximately 62,705 hectares, making it one of the
largest protected areas in North Macedonia, encompassing a vast and ecologically significant
territory that serves as a cornerstone for biodiversity, environmental conservation, and
sustainable development in the region. Located in the northwestern part of the country, the park
extends along the Sar Mountain range, part of the Dinaric-Albanian mountain system. The
terrain is characterized by rugged peaks, deep valleys, glacial lakes, and expansive pastures,
with elevations ranging from 600 to over 2,700 meters above sea level. The park's unique
combination of geography, climate, and natural resources makes it a critical area for ecological
stability, scientific research, and economic opportunities.

Sar Mountain National Park is a biodiversity hotspot, hosting a variety of ecosystems ranging
from alpine meadows to dense forests. These ecosystems are home to over 1,500 plant species,
including many endemics and relict species, and is renowned for its botanical richness, with
several plant species that are endemic to the Balkans and unique to this mountain range. The
meadows and pastures are rich in aromatic and medicinal plants, including Sideritis scardica
(mountain tea), Gentiana lutea (yellow gentian), Vaccinium myrtilus (blueberry), Juniperus
communis and many other, highly valued for their therapeutic properties.The plant diversity
not only contributes to ecological balance but also has significant cultural and economic
importance, as many of these species are traditionally used in local medicine, cuisine, and
crafts.

This review aims to enlighten local and global awareness for EN populations in the Sar
Mountain National Park, synthesizing current knowledge on the botany, ecology,
phytochemistry, allelopathy, and economic aspects of E. nigrum.

2. Botany and Ecology
Empetrum nigrum is a low-growing, evergreen dwarf shrub native to circumboreal and alpine
regions, characterized by needle-like leaves and small, dark-purple to black berries. The plant

thrives in nutrient-poor, acidic soils, often forming dense mats that contribute to soil stability
and nutrient cycling. According to Bezverkhniaia et al. (2021), EN’s unique botanical features,
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including its evergreen nature and dioecious flowering system, facilitate its survival in harsh
climates by maximizing resource efficiency and genetic diversity through cross-pollination.
Ecologically, EN plays a vital role in its native habitats. It provides food for various bird and
mammal species and serves as a habitat for invertebrates, fostering biodiversity (Tybirk et al.,
2000). The plant’s ability to form extensive ground cover mitigates soil erosion, particularly in
fragile ecosystems such as the subarctic and alpine zones (Lorion & Small, 2021). Additionally,
studies like those by Shevtsova et al. (1997) highlight the plant’s adaptability to changing
environmental conditions, with its growth influenced by factors such as soil acidity,
temperature fluctuations, and moisture levels.

In the Shar Mountain area, EN’s presence underscores the region’s ecological diversity. The
plant’s integration into local ecosystems demonstrates its potential to enhance resilience against
climate change while providing new opportunities for sustainable resource use. The ecological
importance of EN is further validated by its role in carbon sequestration and its susceptibility
to environmental stressors, which necessitates careful management to preserve its populations
(Vrancheva et al., 2021).

3. Phytochemical Components

Empetrum nigrum is a reservoir of bioactive compounds with substantial implications for
health, food, and pharmaceutical applications. The phytochemical composition of this species
is dominated by anthocyanins, polyphenols, and flavonoids, which are distributed
predominantly in the outer layers of the fruit. Among these, the major polyphenolic compounds
include quercetin, rutin, catechins, and resveratrol, alongside phenolic acids such as ferrulic,
gallic, syringic, and caffeic acids (Jurikové et al., 2019).

Studies have demonstrated that the concentration of polyphenols in E. nigrum varies depending
on environmental factors such as light exposure and locality. The fruits exhibit a high total
polyphenol content, with significant contributions from ferrulic acid and gallic acid, which
predominate the phenolic spectrum (Jurikova et al., 2019). This abundance of phenolics confers
remarkable antioxidant properties, as evidenced by robust radical scavenging activity using
methods like DPPH and ABTS. Comparative analyses highlight that EN surpasses other
berries, including bilberries and blackcurrants, in antioxidant efficacy (Ogawa et al., 2008;
Halvorsen et al., 2002).

Anthocyanins, a critical class of compounds in EN, are primarily localized in the epidermal
and hypodermal layers of the fruit. These pigments not only impart the characteristic dark-
purple hue to the berries but also play a protective role against environmental stressors such as
UV radiation. Moreover, these compounds are key contributors to the fruit's therapeutic
potential, offering anti-inflammatory and antiangiogenic properties that may be leveraged for
managing conditions like cystitis and vascular disorders (Bae et al., 2016).

The flavonoid content in EN is diverse, with quercetin and catechins being the most abundant.
These flavonoids are associated with anti-inflammatory and antimicrobial activities, making
the fruit a potential candidate for pharmaceutical development. Additionally, rutin and
resveratrol, though present in lower concentrations, provide synergistic health benefits by
enhancing cardiovascular and metabolic health (Jurikova et al., 2019).

The accumulation of bioactive compounds in EN is influenced by fruit development stages.
Mature fruits exhibit higher concentrations of anthocyanins and phenolic acids, predominantly
in the vacuoles of epidermal cells. These bioactive compounds are increasingly being studied
for their role in chronic disease prevention, particularly in combating oxidative stress and
inflammation (Jurikova et al., 2019).

From a nutritional and functional perspective, EN has significant potential as a dietary
supplement and food additive. Its dense bioactive profile supports its inclusion in functional
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foods aimed at promoting immune health, reducing oxidative damage, and managing metabolic
disorders. Furthermore, its potential for application in natural antioxidants and colorants
underscores its versatility in food technology (Laaksonen et al., 2011; Jurikova et al., 2019).
Future research should focus on optimizing the extraction and utilization of these
phytochemicals to maximize their health benefits. The unique phytochemical profile of EN
makes it a promising candidate for innovative applications in pharmaceuticals, nutraceuticals,
and functional foods.

EN contains various pharmacologically active secondary metabolites, including chalcones,
flavonoids, and phenolic compounds (Ponkratova et al., 2021a; Ponkratova et al., 2021b). The
phytochemical composition of E. nigrum varies significantly depending on the plant’s growing
conditions and geographical location (Ponkratova et al., 2021a). High-performance thin-layer
chromatography (HPTLC) has been shown to be an efficient method for preliminary
phytochemical analysis (Ponkratova et al., 2021b). The plant’s fruits are rich in antioxidants,
with dried fruits containing higher levels of polyphenols and flavonoids compared to fresh
fruits (Lacramioara & Ciprian, 2016). EN also demonstrates antimycobacterial properties,
attributed primarily to chalcone derivatives that exhibit selective activity against
Mycobacterium tuberculosis H37Ra (Li et al., 2015). These findings highlight the potential
medicinal applications of E. nigrum and underscore the importance of considering
geographical and environmental factors when sourcing the plant for further research and
development of drug candidates.

Moreover, the berries exhibit high concentrations of antioxidants, including anthocyanins and
proanthocyanidins, which are known to reduce oxidative stress and combat chronic diseases
such as cardiovascular disorders and neurodegenerative conditions (Oprica & Manzu, 2016;
Ponkratova et al., 2021a). Studies indicate that phenolic mosaic from EN have anti-
inflammatory, antimicrobial, and potential anticancer properties, providing a basis for
pharmaceutical innovations (Li et al., 2015; Ponkratova et al., 2021b). Additionally, the plant’s
potential as a functional food ingredient is being explored due to its bioactive profile, which
supports immune health and metabolic balance (Oprica & Manzu, 2016).

4. Medicinal Potential

Traditionally, Empetrum nigrum has been used in ethnomedicine across various cultures. Its
primary application has been in treating scurvy, owing to its high vitamin C content but also to
treat colds, inflammation, and digestive disorders. These traditional uses are being validated
by modern pharmacological studies, further enhancing its medicinal potential (Ponkratova et
al., 2021b). Decoctions and infusions of the aerial parts are employed as sedatives and
treatments for neurological disorders such as epilepsy, headaches, and insomnia
(Bezverkhniaia et al., 2021). The berries and aerial parts are also used for their diuretic and
anti-inflammatory properties in conditions like cystitis and nephritis.

Pharmacologically, E. nigrum exhibits a wide range of activities. Its anticonvulsive and
neuroprotective properties have been demonstrated in animal models, with extracts showing
efficacy comparable to synthetic anticonvulsants. The plant's antioxidant capacity is attributed
to its phenolic content, which helps mitigate oxidative stress in conditions like cardiovascular
diseases and neurodegenerative disorders. Empetrum species, particularly Empetrum nigrum,
demonstrate significant medicinal properties due to their phytochemical composition,
encompassing a range of secondary metabolites such as phenolic compounds, flavonoids,
anthocyanins, and triterpenoids. These compounds contribute to the plant's extensive
pharmacological activities, including antioxidant, neuroprotective, antimicrobial, anticancer,
and anti-inflammatory effects.
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Antioxidant Activity

The high content of polyphenols and flavonoids, including quercetin and its derivatives,
endows EN with potent antioxidant activity. The fruit extracts demonstrate strong free
radical scavenging ability, modulating oxidative stress by enhancing the activity of
enzymes like superoxide dismutase and catalase. This antioxidant capacity positions
the plant as a candidate for mitigating oxidative stress-related disorders, such as
neurodegenerative diseases, cardiovascular conditions, and aging-related ailments.

Neuropharmacological Properties

The anticonvulsive and neuroprotective effects are well-documented in experimental
studies. Lipophilic extracts containing triterpenes and chalcones exhibit efficacy
comparable to synthetic anticonvulsants in managing epileptic seizures. These extracts
also protect brain mitochondria against hypoxia-induced damage, indicating their
potential in managing epilepsy and related neurological conditions.

Antimicrobial and Antifungal Effects

Phenolic compounds, including batatasin-I1l, confer antibacterial and antifungal
activities against pathogens such as Staphylococcus aureus, Candida albicans, and
Mycobacterium tuberculosis. These antimicrobial properties support the development
of natural therapeutics for combating resistant infections.

Anticancer Activity

Bioactive constituents like bibenzyls and dibenz[b,floxepines exhibit cytotoxic activity
against various cancer cell lines, including HCT116 and HeLa cells. These compounds
may inhibit tumor growth without significantly affecting normal cells, presenting
opportunities for targeted cancer therapies.

Anti-Inflammatory and Anti-Diabetic Effects

Extracts from EN demonstrate anti-inflammatory effects by reducing cytokine
production and inhibiting oxidative damage in cells. Additionally, anthocyanins such
as cyanidin-3-galactoside contribute to hypoglycemic activity by modulating glucose
metabolism and improving glycemic control in diabetic models.

Hepatoprotective and Gastroprotective Potential

The ethanolic extract of E. nigrum fruits protects liver cells from damage caused by
toxic agents like carbon tetrachloride. Furthermore, infusions from the plant alleviate
gastric dystrophy, indicating gastroprotective properties.

Anti-Osteoporotic Effects

The juice and pulp of E. nigrum berries promote bone regeneration and mineralization
in osteoporosis models, emphasizing their role in musculoskeletal health.
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Table 1. Medicinal Properties and Phytochemical compounds of Empetrum
Property IActivity IKey Compounds |References |
Free radical

Antioxidant scavenging, lipid
peroxidation inhibition

Polyphenols, quercetin,|[Park et al., 2012;
anthocyanins Ogawa et al., 2008

) . Bezverkhniaia et al.,
Anticonvulsive,

Neuroprotective hypoxia mitigation Triterpenes, chalcones ggég Saratikov et al.,
Antimicrobial Inhibition of bacterial||Batatasin-11l,  phenolic|Nohynek et al., 2006;
and fungal growth acids Hyun et al., 2018
. Cytotoxicity  against||Bibenzyls, Li et al., 2015; Oka et
Anticancer cancer cells dibenz[b,floxepines al., 2020
Anti- Cytokine suppression, Kim et al, 2013;

inflammatory UV protection Anthocyanins, flavonoids

Improved glycemic||Cyanidin-3-galactoside,

Hyun et al., 2018

Anti-diabetic control peonidin-3-glucoside Torrdnen et al., 2012
Hepatoprotective g)?itﬁgt'on against liver Phenolic acids Yang et al., 2012

. ||Gastric dystrophy
Gastroprotective alleviation NR Barnaulov, 1987

Bone  mineralization,

Anti-osteoporotic regeneration

Berry pulp, polyphenols |[Plaksen et al., 2019

5. Economic aspects

Empetrum nigrum has some economic potential, both in traditional uses and commercial
exploitation. Historically, the berries have been a food source for Indigenous peoples in Arctic
regions, where they were valued for their nutritional and medicinal properties (Lorion & Small,
2021). Today, crowberry is increasingly recognized for its potential in health and wellness
industries, particularly as a functional food ingredient and natural antioxidant source (Altan &
Ozdemir, 2004; Nestby et al., 2019). The species is part of a group of wild berries, including
Vaccinium species, that are highly sought after for their bioactive compounds with proven
health benefits (Nestby et al., 2019). Despite its growing demand, domestication efforts remain
limited. Instead, semi-cultivation in natural habitats is identified as a sustainable approach for
its utilization (Nestby et al., 2019). Climate change is expected to influence the distribution and
productivity of E. nigrum, necessitating integrated economic and ecological management
strategies to ensure its sustainable exploitation (Lorion & Small, 2021; Nestby et al., 2019).
Additionally, its role in agroforestry and ecotourism presents economic opportunities that align
with biodiversity conservation, offering significant potential for income generation and
sustainable development (Nestby et al., 2019).
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6. Conclusion

Its integration into both modern and traditional healthcare systems can provide a sustainable
approach to leveraging its diverse bioactive components for therapeutic purposes.

Empetrum nigrum, a resilient dwarf shrub thriving in the Sar Mountain National Park,
embodies significant ecological, medicinal, and economic importance. This comprehensive
review underscores its role as a keystone species in nutrient-poor ecosystems, stabilizing soils,
fostering biodiversity, and contributing to carbon sequestration. The plant’s rich phytochemical
profile, including anthocyanins, flavonoids, and phenolic compounds, underpins its broad
spectrum of pharmacological activities such as antioxidant, anti-inflammatory, antimicrobial,
and anticancer effects. Traditional uses in ethnomedicine are validated by modern studies,
highlighting its potential as a therapeutic agent and functional food ingredient.

The allelopathic effects of E. nigrum illustrate its influence on nutrient cycling and plant
community dynamics, offering insights for sustainable land management and ecosystem
restoration. Despite its underutilized status, the plant presents economic opportunities in
agroforestry, ecotourism, and the health and wellness industries. However, challenges such as
climate change and habitat pressure necessitate integrated strategies for conservation and
sustainable exploitation. Further research and development are essential to harness the full
potential of E. nigrum, bridging traditional knowledge and contemporary applications for
ecological, medicinal, and economic advancements.
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