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Abstract 

Vaccinium arctostaphylos L. (Ericaceae), is a medicinal shrub that commonly found in 

Caucasus and western Asia (Iran and Turkey). Traditionally, this plant has been employed for 

its antidiabetic and antihypertensive effects. Recent studies have indicated that V. 

arctostaphylos contains several important bioactive compounds, including terpenoids, 

anthocyanins, flavonoids, and phenolic acids, primarily found in its aerial parts. Although 

there is increasing evidence from laboratory and clinical studies supporting its beneficial 

effects on diabetes, hypertension, and hyperlipidemia, a comprehensive review of its 

ethnobotany, dietary value, chemical composition, pharmacological properties, and clinical 

applications remains lacking. This article serves as the first detailed review summarizing the 

current knowledge about V. arctostaphylos, encompassing its chemical constituents, 

biological activities, and findings from clinical trials. The information presented has been 

gathered from major scientific databases such as Google Scholar, Scopus, and PubMed. 

Overall, V. arctostaphylos presents a multifaceted therapeutic potential as a nutraceutical, 

offering complementary benefits in the modulation and management of complex metabolic 

disorders. 

Keywords: Vaccinium arctostaphylos, Bioactive compounds, Pharmacological properties, 

Dietary value, Clinical applications. 

1. Introduction 

The Ericaceae family, commonly known as the heath family, is a large and diverse group of 

flowering plants that includes over 126 genera and more than 4,000 species 1. Many species 

within this family are valuable in the food, medicine, agriculture and industries as they are 

rich in active compounds, including flavonoids, phenolic acids, and anthocyanins. Vaccinium 

is one of the largest genera in the Ericaceae family, with around 450 species distributed 

throughout the world, particularly in North and Central America, Southeast and Central Africa, 

Western Asia, and Europe 2. This genus contains several medicinal plants, such as Blueberries 

(V. corymbosum and V. angustifolium), Cranberries (V. oxycoccos and V. macrocarpon), 

Bilberries (V. myrtillus), Lingonberries (V. vitis-idaea), and Caucasian whortleberry (V. 

arctostaphylos) 3. The Vaccinium species are known for their numerous health benefits, 

including antioxidant, antitumor, anti-inflammatory, antidiabetic, antibiofilm, and 



antimicrobial properties, as well as their potential to reduce the risk of cardiovascular disease 

2,4,5. Vaccinium arctostaphylos L., commonly known as Caucasian whortleberry and locally 

referred to as Qare-Qat in Iran, is a hardy perennial shrub that mainly grows in the northern 

and northwestern parts of Iran, particularly in Ardebil, Tabriz, Astara, and Mazandaran 6,7.This 

plant is recognized not only as an important food source but also for its significant medicinal 

and ecological value. Therefore, it plays a vital role in both traditional usage and conservation 

studies 8,9. V. arctostaphylos traditionally has been used as an antidiabetic agent and recent 

studies also indicate its potential effectiveness against cardiovascular diseases 10. This effects 

of V. arctostaphylos may relate to its ability to modulate oxidative stress, which plays a central 

role in the pathogenesis of insulin resistance and cardiovascular complications in diabetes. By 

reducing reactive oxygen species (ROS), it helps prevent the activation of pro-inflammatory 

signaling pathways such as nuclear factor kappa B (NF-κB) and C-Jun N-Terminal Kinases (JNK), 

thereby preserving insulin signaling and protecting vascular function. In addition, this plant 

helps regulate blood pressure, especially in situations related to nitric oxide synthase 

inhibition. 11-14. Phytochemistry investigations of V. arctostaphylos have indicated the 

presence of anthocyanins 15-17, flavonoids, and phenolic acids, which contribute to its 

medicinal properties 18. A recently published article focused on the botanical characteristics, 

phytochemical profile, and pharmacological effects of the plant under investigation 19. 

However, the present study offers a more comprehensive examination of these aspects and 

expands the scope by addressing additional dimensions, including the challenges of 

commercialization, the potential for market entry, and a Comparative overview of this species 

with other well-known Vaccinium species in terms of both their key phytochemicals and 

biological activities. 

This comprehensive approach enables a deeper understanding of the plant's value and 

prospects in the market. 

1.1. Ethnobotany and traditional use  

V. arctostaphylos is a popular medicinal plant in traditional medicine, especially in Gilan 

province, Iran. Ethnopharmacological studies have reported the use of its dried leaves and 

especially its fruits as a heart tonic, anti-inflammatory, astringent, diuretic, antiviral, and anti-

ulcer agent. Traditionally, it has been used alone or with other medicinal herbs to treat various 

ailments. These include diabetes, hypertension, diarrhea, arrhythmia, edema, cataracts, high 



LDL, leg cramps, atherosclerosis, amenorrhea, dysmenorrhea, urinary tract infections, 

varicose veins, rheumatoid arthritis, and breast tumors. For example, a common remedy for 

diabetes includes eating 20 to 30 fruits daily or a mix of Nigella sativa (1 g), Urtica dioica (2 g), 

a small amount of Pistacia lentiscus, and olive leaves after each meal 20. The medicinal use of 

V. arctostaphylos extends beyond Iran. In nearby areas like Turkey and the Caucasus, the fruit, 

often called whortleberry, is traditionally consumed at a dose of about 5 grams per day to help 

manage diabetes and high blood pressure 21,22. 

1.2. Food and nutritional value 

There is increasing interest in studying medicinal plants like Vaccinium spp to confirm their 

roles as both functional foods and therapeutic agents. Among these plants, 22 species have 

berries that are used as food. Fruits and leaves are the most commonly mentioned useful 

parts of the plant. For example, Vaccinium corymbosum, Vaccinium myrtillus, Vaccinium 

macrocarpon, Vaccinium oxycoccos, Vaccinium angustifolium, Vaccinium vitis-idaea, and 

Vaccinium uliginosum are the best-known and commercially significant Vaccinium species 

whose fruits are commonly used as food 23. In addition, the berries of V. arctostaphylos are 

used as fresh fruit, marmalade, jars, fruit juice, medicine, and black tea. They have also 

exported as dried and frozen berries over the years 24. The fruits of the blueberry species have 

many health benefits due they are a great source of fibre and contain vitamins C and K, with 

trace amounts of vitamins A, B, and E. Additionally, they are rich in minerals like calcium, iron, 

magnesium, manganese, copper, and zinc 25. Recent analyses show that the berries of V. 

arctostaphylos contain significant levels of macronutrients. These include 30% sugars, mainly 

fructose and glucose, 15% protein, and 2% fat 26,27. Furthermore, in another analyse was 

reported that the fruit extract is made up of 25-35% starch, 5% mucilage, 10% saccharose, and 

11% pectins, making it a valuable ingredient for food products 28. Additionally, elemental 

studies indicate that the berries are rich in nitrogen (2.21%), carbon (48.06%), sulfur (0.14%), 

and phosphorus (0.04%), further highlighting their nutritional benefits 29. Mineral 

composition studies from Turkey’s Eastern Black Sea region show that the fruits of V. 

arctostaphylos had significant macroelements. They included nitrogen (0.84%), potassium 

(620.16 mg kg⁻¹), calcium (20.10 mg kg⁻¹), and magnesium (22.19 mg kg⁻¹). When compared 

to cultivated V. corymbosum, wild V. arctostaphylos fruits had higher levels of nitrogen, 

calcium, and magnesium. The phosphorus and potassium concentrations were similar. Trace 



element analysis showed notable manganese (5.19 mg kg⁻¹ in leaves) and selenium (1.64 mg 

kg⁻¹ in fruits, the highest among the tested samples). This analysis also found low iron (0.001 

mg kg⁻¹ in fruits) and moderate zinc (1.62 mg kg⁻¹). The heavy metal content, including 

cadmium (0.003 mg kg⁻¹) and lead (0.61 mg kg⁻¹), was below toxic levels, confirming it is safe 

for consumption. The plant’s leaves also showed higher nitrogen (2.12%) and trace elements, 

such as copper (3.06 mg kg⁻¹), compared to the fruits 30. Rich in proteins, vitamins, 

carbohydrates, and minerals, V. arctostaphylos serves as both a traditional food source and a 

potential ingredient for modern functional foods. 

1.3. Phytochemical constituents 

Various chemical compounds have been identified in different parts of V. arctostaphylos, 

including phenolic compounds, anthocyanins, flavonoids, and terpenoids. Generally, the 

compounds present in V. arctostaphylos can be classified into two categories: volatile and non-

volatile constituents. 

1.3.1. Volatile constituents of V. arctostaphylos 

Essential oils, especially those rich in monoterpenes, play an important role in plant defence 

and have various biological effects. Several studies have analyzed the essential oil composition 

of V. arctostaphylos, identifying key bioactive compounds. 

In 2002, Nickavar et al. studied the essential oil composition of the flowering aerial parts of V. 

arctostaphylos for the first one, and they identified 26 compounds, of which alpha-terpineol 

(1) (14.99%), linalool (2) (13.7%), trans-beta ionone (3) (7.53%), thymol (4) (6.54%) and 

geraniol (5) (6.27%) were the major constituents 31. Another study reported 12 compounds in 

the essential oil from the shoot parts of V. arctostaphylos, finding hexadecanoic acid (6) 

(27.0%), vitispirane (7) (6.5%), beta-ionone (8) (5.9%), and sandaracopimaradiene (9) (4.8%) 

to be the major components 32. In addition, another study conducted by Teimouri found that 

the essential oils extracted from the flowering shoots of V. arctostaphylos in Iran exhibit a high 

content of bioactive compounds, notably α-Pinene (10), Linalool, Sandaracopimaradiene, and 



Safranal (11), (

 

Figure 1). These components contribute to significant antibacterial effects against most of the 

bacteria tested 33.  

 



Figure 1 

1.3.2. Non-volatile constituents of V. arctostaphylos  

According to the studies about the chemical diversity of the aerial parts of V. arctostaphylos, 

the main secondary metabolites of extracts of this plant are anthocyanin, flavonoid, and 

phenolic compounds. These components contribute significantly to the plant's chemical 

profile and may offer various health benefits. 

1.3.2.1. Flavonoids and their glycosides 

 Flavonoids are a large class of secondary metabolites found in many plant species, especially 

in the Vaccinium genus, including V. arctostaphylos 34. A large number of the health benefits 

of V. Arctostaphylos, including antimicrobial, antioxidant, anti-hypertensive, anti-dyslipidemic, 

antidiabetic, anti-inflammatory, and neuroprotective effects, are due to its flavonoid 

constituents 35-39. The recent study on isolating and quantifying chemical constituents from V. 

arctostaphylos shows that the ethanolic extract of its leaves contains several flavonoid 

compounds, including quercetin (12), and its glycosides such as quercetin-3-O-rutinoside 

(Rutin) (13), quercetin-3-O-galactoside (Hyperoside) (14), quercetin-3-O glucoside 

(Isoquercetin) (15), quercetin-3-O-arabinopyranoside (Guaiaverin) (16), quercetin-3-O-

arabinofuranoside (Avicularin) (17), quercetin-3-O-rhamnoside (Quercitrin) (18) and 

quercetin-3-O (6’’-acetyl)-glucoside (19) 40 (Figure 2). Additionally, Nickavar et al. reported that 

the methanolic extract of the leaves of V. arctostaphylos also contains quercetin, which is 

known to inhibit α-amylase, an enzyme associated with chronic metabolic diseases such as 

diabetes mellitus 37. In a different study, researchers discovered the methanolic extract of V. 

arctostaphylos fruit contains 63.88 ± 1.0 mg of total flavonoids per gram, which is equivalent 

to quercetin based on the dried extract 38. In another study, Sholeh et al. evaluated the 

phenolic compounds of V. arctostaphylos from three regions of Talesh, Iran. They showed that 

the methanol extracts of fresh fruits from Chubar contained the highest amount of flavonoids 

compared to the other regions 18. In a similar study, the phytochemical content of V. 

arctostaphylos was examined in two natural habitats in Gilan Province: Khotbe Sara at 1600 

meters and Asalem at 1300 meters. The levels of flavonoid compounds showed significant 

differences, ranging from 186.18 to 289.17 mg of quercetin equivalents (QUE) per gram. The 

quercetin content varied between 136.13 and 218.2 parts per million at the two elevations. 



The fruit extract from the 1600-meter site had a higher concentration of phenolic compounds 

and displayed better antioxidant capacity 20. 

Figure 2 

1.3.2.2. Anthocyanins 

Anthocyanins are water-soluble pigments composed of an aglycone called anthocyanidin and 

a sugar moiety, which provide a variety of colors in the Vaccinium genus 41,42. The various 

studies indicated that anthocyanin compounds offer multiple health benefits, including 

antioxidant, anti-inflammatory, cardiovascular protection, neuroprotection, and anti-diabetic 

effects in Vaccinium species 43,44. According to the evidence, numerous anthocyanidins have 

been identified in the aerial parts of Vaccinium species, but only pelarogonidin, cyanidin, 

petunidin, delphinidin, peonidin, and malvidin are the most common 45.  

Delphinidin (20), petunidin (21), malvidin (22), Peonidin (23) and cyanidin (24) are the 

aglycone forms of the anthocyanins present in the berries of V. arctostaphylos (Figure 3) 

16,41,46. All of these compounds have been previously reported in other species of the 

Vaccinium genus, such as V. corymbosum L. 47, V. myrtillus L. 48, and V. angustifolium 49. 

Figure 3 

 

1.3.2.3. Phenolic Acids 

 Phenolic acids are a large group of secondary metabolites commonly found in the Vaccinium 

genus, recognized for their strong antioxidant properties 50. These compounds are divided into 

two main groups: benzoic acid derivatives (HBAs), which include salicylic, gallic, vanillic, p-

hydroxybenzoic, syringic, and protocatechuic acids; and hydroxycinnamic acid derivatives 

(HCAs), which include p-coumaric, ferulic, caffeic, and sinapic acids. Moreover, in plants, both 

types of phenolic acids typically exist in conjugated (ester, glycoside, and ester-bound) forms, 

while free forms are rarely found in living plants 51.  

In 2005, Ayaz et al. conducted a study on the free, ester, glycoside, and ester-bound phenolic 

acids found in the fruits of V. arctostaphylos using HPLC-MS. They identified seven phenolic 

acids categorized as HBAs, including gallic acid (25), p-hydroxybenzoic acid (26), m-

hydroxybenzoic acid (27), gentisic acid (28), syringic acid (29), and salicylic acid (30). 

Additionally, they found four phenolic acids classified as HCAs: p-coumaric acid (31), caffeic 



acid (32), ferulic acid (33), and sinapic acid (34). The results indicated that the main phenolic 

acids present in V. arctostaphylos fruit were caffeic acid (32), found in free and insoluble ester-

bound forms, and p-coumaric acid (31), present in soluble ester and glycoside forms 52. In 

another study, Shamilov et al. identified four phenolic acids in the ethanolic extract of V. 

arctostaphylos leaves, including 4-O-caffeoylquinic acid (35), 5-O-caffeoylquinic acid (36), 4,5-

Di-O- caffeoylquinic acid (37) and caffeic acid (32) (Figure 4). These phenolic compounds are 

suggested to have potential neuroprotective effects 40. 

Figure 4 

1.4. Bioactivities and pharmaceutical applications 

1.4.1. Anticancer 

In 2022, the antitumorigenic effects of the hydroethanolic extract of both the fruit and callus 

of V. arctostaphylos on HCT-116 colorectal cancer cells were evaluated. The results indicated 

that dry callus at a concentration of 400 µg/ml increased the cancer cell death rate more than 

the air-dried fruit. This leads to the conclusion that the V. arctostaphylos which was collected 

from Iran and reveals notable cytotoxicity against cancer cells 34. In another in vitro study by 

Gharbavi et al., the green synthesis of selenium nanoparticles (SeNPs) from hydroethanolic 

extracts of fresh V. arctostaphylos fruit successfully inhibited the growth of 4T1 breast cancer 

cells without any toxic effects 53. In a recent study, Mohammadi-Aloucheh et al. analyzed the 

dose-dependent toxicity of the EXT/ZnO and EXT/ZnO/Ag10 samples on cancerous cells 

compared to the W/ZnO sample. They found that the EXT/ZnO/Ag10 demonstrated strong 

antiproliferative effects against the Michigan Cancer Foundation-7 (MCF-7) cell line. This effect 

may be linked to the induced oxidative stress in the cancer cells, the direct catalytic activity of 

ZnO and Ag, as well as the strong antioxidant properties of the phenolic compounds found in 

the aqueous extract of V. arctostaphylos fruit 54. 

In a 2024 study on a rat model of hepatocellular carcinoma (HCC), Zhou et al. investigated the 

protective effects of V. arctostaphylos fruit extract (VAFE) on hepatocytes exposed to N-diethyl 

nitrosamine (DEN)-induced HCC. Their findings showed that this hydroethanolic extract 

administration had dose-dependent effects, particularly at 400 mg/kg, which improved liver 

function indices, enhanced antioxidant status, and reduced levels of inflammatory cytokines 

in the HCC rats. Additionally, the hydroethanolic extract influenced the activity of certain 



genes and proteins involved in liver cancer progression by reducing the levels of HOTAIR and 

Notch1 while increasing the levels of miR-124. This adjustment helped to block the signaling 

pathway that HOTAIR typically activates, which is linked to cancer growth. This suggests that 

VAFE could be a promising treatment for liver cancer caused by DEN 55. 

1.4.2. Anti-diabetic  

BARUT et al. performed a study to investigate the antidiabetic properties of ethanol extract 

(EE), methanol extract (ME), and aqueous extract (AE) from the fruits of V. arctostaphylos. The 

study found that the EE was the most effective in inhibiting α-glucosidase, an enzyme that 

catalyzes the breakdown of glycosidic bonds in oligosaccharides, leading to an increase in α-

glucose and resulting in postprandial hyperglycemia. The IC50 value for the ethanol extract 

was measured at 0.301 ± 0.002 mg/mL 56. Additionally, Kardil et al. reported that the 

methanolic extract of the leaf parts of V. arctostaphylos exhibited higher α-glucosidase 

inhibitory activity compared to its fruits 27. A study by Nickavar et al. demonstrated that the 

methanolic extract of the leaves of V. arctostaphylos exhibits inhibitory effects on α-amylase 

enzyme activity. This enzyme plays a crucial role in hydrolyzing carbohydrates into glucose. 

The observed effects were related to the presence of the flavonoid quercetin in this plant 37.  

A 2011 study on alloxan-induced diabetic Wistar rats demonstrated that the hydroethanolic 

extract of V. arctostaphylos fruit could have antihyperglycemic effects. This is achieved 

through the inhibition of α-glucosidase activity in the intestines and the upregulation of 

insulin (INS) and glucose transporter type 4 (GLUT-4) gene expression in pancreatic and muscle 

tissues. Additionally, the extract improves the levels of antioxidant enzymes and the lipid 

profile, factors that are associated with diabetes 7. 

In another study, Kianbakht et al. proved that the oral administration of hydroethanolic 

extracts from whortleberry fruit and leaves at doses of 250, 500, and 1000 mg/kg significantly 

reduced fasting glucose and glycosylated hemoglobin (HbA1c) levels. Additionally, these 

extracts increased insulin levels without causing liver toxicity or altering SGOT, SGPT, and 

creatinine levels in diabetic rats 9. Other studies have compared the antidiabetic and 

antilipidemic properties of various extracts, including hydroethanolic (70% ethanol-water), 

carbon tetrachloride (CCl4), and dichloromethane, from unripe fruits of V. arctostaphylos in 

rats with streptozotocin-induced diabetes. They found that the CCl4extract was more effective 



than the others in reducing blood glucose and lipid levels. This effectiveness may be attributed 

to its high content of phenolic compounds, which contribute to its hypoglycemic and 

hypolipidemic properties. However, further studies are needed to find out the exact 

mechanisms involved 57. 

Additionally, Bayrami et al. evaluated the effectiveness of zinc oxide (ZnO) nanoparticles by 

incorporating an aqueous extract from whortleberry leaves. They reported that this novel 

approach could reduce fasting blood sugar (FBS) levels, increase insulin levels, and improve 

the lipid profile by decreasing triglyceride (TG) levels and increasing high-density lipoprotein 

(HDL) levels in rats 58. 

Recent research investigated the antidiabetic activity and effects of V. arctostaphylos fruit 

ethanolic extract (VAE) on biochemical and molecular processes in the livers of diabetic rats. 

The researchers found that administering VAE at a dosage of 400 mg/kg improved several 

clinical parameters, including food and water intake, body weight gain, and blood glucose 

levels in the rats. 

Additionally, VAE increased insulin and serum adiponectin levels, which play vital roles in 

modulating insulin resistance. It also resulted in a decrease in serum free fatty acids (FFA) and 

ROS levels compared to normal rats. The study demonstrated that VAE has potential effects 

on regulating hepatic carbohydrate metabolic enzymes by increasing the activity of 

glucokinase (GK) and glucose-6-phosphate dehydrogenase (G6PD). A decrease in GK activity 

is associated with insulin deficiency, while a reduction in G6PD activity makes cells more 

vulnerable to oxidative stress. Furthermore, VAE decreased the activity of glucose-6-

phosphatase (G6Pase) and fructose-1,6-bisphosphatase (FBPase), which are key enzymes that 

regulate gluconeogenesis. The results also indicated that VAE led to an increase in hepatic 

glycogen levels. 

The study further evaluated the expression of key genes involved in glucose and lipid 

metabolism, such as IRS1 (a crucial element in insulin signaling pathways) and GLUT2 (the 

major glucose transporter in pancreatic beta cells and hepatocytes). It was found that VAE 

diminished the expression of peroxisome proliferator-activated receptor gamma (PPAR-γ) and 

sterol regulatory element binding protein 1c (SREBP1c), which are involved in regulating fatty 

acid synthesis in the liver. Additionally, VAE significantly enhanced the expression of miR-27b, 



which regulates important genes involved in hepatic lipid metabolism in diabetic rats. 

Moreover, VAE administration exhibited anti-inflammatory activity by reducing serum and 

hepatic tumor necrosis factor-α (TNF-α) levels 59. 

In a study conducted by Piralaiy et al., it was reported that eight weeks of aerobic training, 

both on its own and in combination with hydroethanolic extract of the fruit of Qaraqat, led to 

significant improvements in metabolic and oxidative stress parameters in the heart tissue of 

diabetic rats. The researchers found that these interventions resulted in a marked reduction 

in blood glucose levels, insulin resistance, and malondialdehyde (MDA) levels, indicating 

decreased lipid peroxidation and oxidative stress. Furthermore, there was a notable increase 

in the activity of antioxidant enzymes, including superoxide dismutase (SOD) and glutathione 

peroxidase (GPx), as well as an overall rise in total antioxidant capacity (TAC). This suggests 

that the interventions enhanced the antioxidant defenses in the rats. Based on these findings, 

the combination of aerobic training and Qareqat extract exhibited synergistic anti-diabetic 

effects in the rats 11. 

1.4.3. Antioxidant 

A study found that the leaves and fruits of V. arctostaphylos may be a potential source of 

antioxidant compounds due to the correlation between antioxidant effects and total phenolic, 

anthocyanin, and flavonoid contents 50. Additionally, BARUT et al. investigated the antioxidant 

effects of various extracts from the fruits of this plant using the 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) assay, the metal chelating radical scavenging assay, and the ferric ion reducing 

antioxidant power (FRAP). Their findings indicated that the ethanolic extract contained the 

highest levels of total phenolics, anthocyanins, and flavonoids, and it indicated significant 

antioxidant effects compared to the other extracts 56. Moreover, a study by Kardil et al. 

evaluated the FRAP and DPPH assays regarding methanolic extracts from the leaves and fruits 

of V. arctostaphylos. The results showed that the leaf extract exhibited the highest antioxidant 

activity that related to the total phenolic and flavonoid content of the extracts 27.  

In a separate in vitro study conducted by Mahboubi et al., it was demonstrated that the ethyl 

acetate extract of fruits and leaves exhibited the most significant antioxidant effects. The 

fruits' ethyl acetate extract had the highest total phenolic content, measuring 164.9 mg 



GAC/g, while the leaves' ethyl acetate extract had the highest total flavonoid content, at 60.1 

mg QE/g 35. 

1.4.4. DNA protective  

In 2019, a study examined the protective effects of various extracts from V. arctostaphylos 

fruits on DNA damage caused by Fenton’s reagent (FeSO4 and H2O2) and hydroxyl radicals. 

Researchers used supercoiled pBR322 plasmid DNA (form I) and found that exposure to 

Fenton’s reagent converted form I to nicked pBR322 plasmid DNA (form II). Increasing the 

concentration of the extracts led to a decrease in form II and an increase in form I. The 

ethanolic extract was particularly effective in protecting DNA by inhibiting form II, likely due 

to its antioxidant properties 56. 

1.4.5. Antimicrobial 

In 2013, Mahboubi et al. evaluated the antimicrobial activity of V. arctostaphylos to compare 

the effects of different types of extracts from its leaves and fruits, measuring their minimum 

inhibitory concentration (MIC) and minimum lethal concentration (MLC) values against 

bacteria, fungi, and yeast. They found that the ethyl acetate extract from the fruit had a high 

total phenolic and flavonoid content but exhibited lower antimicrobial activity compared to 

the other extracts. In contrast, the methanolic extract from the fruit demonstrated the highest 

antimicrobial activity. This suggests that there may be other unknown components 

responsible for the antimicrobial properties of V. arctostaphylos, warranting further studies to 

confirm these findings 35. 

 In another study, the antimicrobial activity of essential oils and hydroalcoholic extracts 

derived from the aerial parts of V. arctostaphylos was evaluated. The results indicated that the 

essential oils of V. arctostaphylos exhibited significant antibacterial activity against most of the 

tested bacteria. In contrast, the hydroalcoholic extract showed no antibacterial activity. This 

difference seems to be related to the presence of compounds such as α-Pinene, Linalool, 

Sandaracopimaradiene, and Safranal in the essential oils 33. 

Kardil et al. investigated the antimicrobial and antibiofilm activities of methanolic extracts 

from the leaves and fruit parts of V. arctostaphylos against the antibiotic-resistant clinical 

isolate Acinetobacter baumannii (A. baumanii). They reported that the MIC value for the fruit 

part was 3.125 mg/mL, which is lower than the MIC value for the leaf part at 6.25 mg/mL. 



Additionally, the results indicated that the leaf extract significantly reduced the biofilm-

forming capacity of the A. baumannii isolate by approximately 3-fold, while the fruit extract 

only marginally affected this capacity, reducing it by about 1.4-fold. Therefore, the leaf part 

demonstrates greater antibiofilm activity than the fruit part 27. 

Bayrami et al. conducted an in vitro study to evaluate the antibacterial activity of ZnO 

nanoparticles synthesized with and without whortleberry leaf aqueous extract. The 

nanoparticles were tested at concentrations ranging from 0.05 to 0.8 mg/mL against 

Staphylococcus aureus (S. aureus) and Escherichia coli (E. coli). The results showed that both 

ZnO samples had a similar MIC of 0.8 mg/mL against E. coli. However, the ZnO nanoparticles 

synthesized with whortleberry leaf extract demonstrated a stronger ability to inhibit the 

growth of the gram-positive bacterium S. aureus 58. 

In a study conducted by Mohammadi-Aloucheh et al., the antibacterial effects of ZnO 

nanoparticles and ZnO/CuO nanocomposites were evaluated using an aqueous extract of V. 

arctostaphylos fruit against E. coli and S. aureus. The researchers found that the ZnO/CuO 

(10%) nanocomposite exhibited the highest antibacterial activity, as it caused lysis in the cell 

membranes of the bacteria. They also demonstrated that the antibacterial activity of the 

ZnO/CuO nanocomposites depended on the concentration of copper oxide (CuO); as the 

concentration of this nanoparticle increased, so did the antibacterial properties. In contrast, 

they noted that the ZnO (water) sample displayed the weakest antibacterial activity among 

the samples tested. Additionally, the study showed that the antibacterial activity of the 

ZnO/CuO (10%) nanocomposite against E. coli was greater than that observed for S. aureus 60.  

In another study, Mohammadi-Aloucheh et al. investigated the antibacterial effects of green-

synthesized ZnO and ZnO/Ag samples using the aqueous extract of V. arctostaphylos fruit 

against E. coli and S. aureus. They reported that among all the samples tested, the 

EXT/ZnO/Ag10 nanocomposite demonstrated significant antibacterial activity against both 

bacteria, particularly E. coli. They also observed that the Ag sample prepared in water (W/Ag) 

and the EXT/ZnO/Ag5 sample could effectively target these bacteria as well. These results 

highlighted the crucial role of silver and zinc in disrupting bacterial cell walls, along with the 

presence of various phytochemicals in the extract. Furthermore, they reported that the 

EXT/ZnO/Ag10 nanocomposite had destructive effects on the E. coli genome as observed on 

a 1% agarose gel 61. 



1.4.6. Antihypertensive 

Khalili et al. examined the hypotensive effects of V. arctostaphylos leaf aqueous extract in a 

two-kidney, one-clip hypertension rat model. They found that a dose of 75 mg/kg significantly 

lowered mean blood pressure at 20, 40, and 60 minutes after administration, while doses of 

10 and 25 mg/kg had no effect. Heart rate remained unchanged. The exact mechanism of the 

extract's hypotensive action requires further investigation 62. 

1.5. Other health effects 

Barut et al. reported that the ethanolic extract from the fruits of V. arctostaphylos 

demonstrated potential anti-inflammatory activity by reducing formalin-induced edema at 

both doses (100 mg/kg and 300 mg/kg) at 60 and 120 minutes. This finding suggests that the 

EE of V. arctostaphylos may significantly contribute to the prevention of inflammatory 

responses 56. 

Gentamicin is an antibiotic belonging to the aminoglycoside family, known to cause acute 

renal impairment and nephrotoxicity. Research indicates that the oxidative injury induced by 

gentamicin can be mitigated by using a hydroethanolic extract of V. arctostaphylos fruit, which 

contains antioxidant compounds. When administered at a dose of 400 mg/kg, this extract 

significantly decreased serum levels of blood urea nitrogen (BUN), creatinine (Cr), and serum 

urea compared to the positive control group that received only gentamicin. Furthermore, the 

extract contributed to an increase in the volume of various renal structures, including the 

proximal convoluted tubules, distal convoluted tubules, loop of Henle, and renal glomeruli. In 

contrast, it significantly reduced the volume of renal blood vessels and interstitial tissue. 

Additionally, the extract demonstrated protective effects against nephrotoxicity by decreasing 

tubular degeneration, lymphocytic infiltration, and the formation of casts 63. 

A recent study reported that the hydromethanolic extract of fully ripened fruits of V. 

arctostaphylos has a potential hepatoprotective effect against carbon tetrachloride-induced 

liver fibrosis. This effect is achieved by improving hepatic inflammation and fibrogenesis. The 

study found that the extract could inhibit increases in liver biochemical parameters such as 

aspartate transaminase (AST), alanine transaminase (ALT), and alkaline phosphatase (ALP) at 

doses of 400 and 600 mg/kg body weight. Additionally, the extract was shown to reduce levels 

of pro-inflammatory mediators, including tumor necrosis factor alpha (TNF-α) and NF-κB or 



(p65), as well as the concentration of nitric oxide (NO) in rats. Both TNF-α and NO can 

stimulate and activate hepatic stellate cells (HSCs), leading to excessive extracellular matrix 

(ECM) production. During fibrosis, activated HSCs express the alpha-smooth muscle actin (α-

SMA) marker, and the results indicated that the mRNA expression of α-SMA was significantly 

reduced with extract administration. Furthermore, the extract suppressed the fibrogenic 

process by downregulating the mRNA expression of pro-fibrotic cytokines, including 

transforming growth factor-beta (TGF-β1) and transforming growth factor-beta receptor II 

(TGF-βRII), as well as matrix metalloproteinases (MMP-2 and MMP-9). It also decreased the 

production of hydroxyproline and sulfated glycosaminoglycans (sGAG), which are useful 

markers for evaluating hepatic collagen accumulation and indicating fibrotic effects in the liver 

38.  

An in vivo study demonstrated that the hydroethanolic extract of V. arctostaphylos fruit has 

protective effects against oxidative damage to the liver and kidneys induced by oxymetholone 

(OM). The results indicated that administering a dose of 400 mg/kg of the fruit extract resulted 

in an increase in body weight (BW) and a decrease in liver weight (LW) and kidney weight 

(KW). Both the 200 mg/kg and 400 mg/kg doses of the fruit extract reduced biochemical liver 

parameters, including total bilirubin (BIL), liver enzymes, total protein (TP), and albumin (ALB). 

Furthermore, the extract improved kidney function by lowering indicators such as BUN and 

Cr. The extract exhibited antioxidant properties by enhancing the activities of GPx and SOD 

while also reducing serum NO levels. Additionally, the fruit extract showed a dose-dependent 

improvement in the normal structure of both the kidneys and liver. It further lowered the rate 

of apoptosis by increasing the percentage of B-cell lymphoma 2 (Bcl-2) positive cells and 

decreasing the percentage of p53 positive cells. The results of this study indicate that the fruit 

extract of V. arctostaphylos protects the liver and kidneys from damage through its antioxidant 

and anti-apoptotic properties 64. 

Shamilov et al. conducted research to compare the neuroprotective effects of V. 

arctostaphylos and V. myrtillus. They found that the hydroethanolic extracts from the leaves 

of V. arctostaphylos were more effective than those from V. myrtillus in increasing cerebral 

blood flow and reducing areas of brain necrosis. Additionally, the extracts decreased lipo-

oxidative processes, as indicated by lower levels of TBARS (which are formed as a byproduct 



of lipid peroxidation), by enhancing the activity of antioxidant enzymes such as SOD, Succinate 

Dehydrogenase (SDH), and Cytochrome-C-Oxidase (COX) 39. 

In another in vivo study, the administration of V. arctostaphylos seed oil (VASO) at doses of 

200 mg/kg and 400 mg/kg demonstrated potential neuroprotective effects in rat models of 

cerebral ischemic stroke-reperfusion (CIS/R). The results indicated that VASO, particularly at 

the higher dose of 400 mg/kg, improved cognitive impairments and resulted in better 

performance on the maze test compared to the IS/R group. Additionally, the VASO-treated 

group exhibited significantly reduced levels of pro-inflammatory cytokines such as interleukin-

1-beta (IL-1β), interleukin-6 (IL-6), and TNF-α. In contrast, levels of anti-inflammatory 

cytokines (interleukin-4 (IL-4) and interleukin010 (IL-10)) and neurotrophic growth factors 

(brain-derived neurotrophic factor (BDNF) and glial cell line derived neurotrophic factor 

(GDNF)) were notably increased. VASO at 400 mg/kg also led to a marked decrease in the 

expression of apoptosis-related proteins (glucose-regulated protein 78 (GRP78), activating 

transcription factor 6 (ATF-6), p53 and Bax) in the brains of treated rats, while the expression 

of Bcl-2 was significantly increased compared to the IS/R group. Furthermore, VASO 

demonstrated antioxidant effects by increasing the activities of antioxidant enzymes GPx, CAT, 

and SOD, particularly at the 400 mg/kg dose, while serum NO levels were decreased at both 

200 mg/kg and 400 mg/kg. According to the findings, VASO exhibited neuroprotective effects 

due to its anti-inflammatory, anti-apoptotic, and antioxidant properties, which are attributed 

to its flavonoid and phenolic content 65. 

In 2020, Akbari Bazm et al. performed an in vivo study to evaluate the protective effects of V. 

arctostaphylos against testicular toxicity caused by oxidative stress. Using a BALB/c mice 

model, the hydroethanolic extract of V. arctostaphylos fruit was administered at doses of 100, 

200, and 400 mg/kg. The results indicated that the extract reduced serum testosterone levels, 

increased levels of luteinizing hormone (LH) and follicle-stimulating hormone (FSH), and 

improved various sperm parameters, including motility, viability, and sperm count. 

Additionally, the extract lowered the apoptosis rate by upregulating Bcl-2 mRNA and 

downregulating p53, Bax, and caspase-3 mRNA. Moreover, the 400 mg/kg dose of this extract 

decreased serum NO levels while increasing thiobarbituric acid reactive substances (TBARS), 

FRAP, and MDA levels in testicular tissue. Therefore, it can be concluded that this extract 

regulates oxidative stress, apoptosis, and inflammatory pathways, providing protective effects 



on the reproductive system 66. The pharmacological activities of V. arctostaphylos are 

summarized in Error! Reference source not found.. 

 



Table 1: Pharmacological Properties and Assessment Methods of V. arctostaphylos 

Effect Extract/compounds Tested living 

system/organ/cell 

Result(s) Reference(s) 

Anticancer 

activity  

Hydroethanolic extract  

(70% Ethanol) 

HCT-116 colorectal cancer 

cell line 

1) Dry callus of V. arctostaphylos had the most antitumorigenic effects on 

HCT-116 cells. 

34 

Hydroethanolic extract (70% 

Ethanol) + SeNPs 

4T1 breast cancer cells 1) The green synthesized SeNPs inhibited the growth of 4T1 breast cancer 

cells. 

53 

Aqueous extract + ZnONPs  

Water + ZnONPs 

EXT/ZnO/Ag5, EXT/ZnO/Ag10 

composites 

In vitro assay 1) The EXT/ZnO/Ag10 nanocomposite demonstrated greater anticancer 

activity against the MCF-7 cell line compared to the other samples. 

54 

Hydroethanolic extract  

(70% Ethanol) 

Male Wistar rats 1) This extract demonstrated improvement in BW, LW, antioxidant capacity, 

liver enzymes, and inflammatory factors in rats with hepatocellular 

carcinoma. 

2) Additionally, it regulated the gene and protein expressions associated with 

HCC progression by downregulating HOTAIR and Notch1, while upregulating 

miR-124. 

55 

Anti-diabetic 

activity 

Ethanolic extract, methanolic 

extract, and aqueous extract  

In vitro assay 1) EE and ME exhibited non-competitive α-glucosidase inhibitory activity 

with IC50 values of 0.301±0.002 mg/mL and 0.477±0.003 mg/mL, 

respectively, while AE acted as a competitive inhibitor.  

2) The α-glucosidase inhibitory properties of the extracts were in the 

following order: EE > ME > AE. 

56 

Methanolic extract In vitro assay 1) The leaf extract had the highest α-glucosidase inhibitory activity with an 

IC50; 0.179 mg/mL. 

27 



Methanolic extract In vitro assay 1) The methanol extract from the leaves showed a dose-dependent 

inhibitory activity against α-amylase. 

37 

Ethanolic extract  

 

Alloxan- induced diabetic 

Wistar rats 

1) This extract demonstrated an antihyperglycemic effect by decreasing PBG 

and serum TG levels. Additionally, it increased the expression of the INS and 

GLUT4 genes.  

2) Furthermore, it reduced oxidative damage by activating antioxidant 

enzymes such as GPx, CAT, and SOD activities.  

7 

Hydroethanolic extract  

(70% Ethanol) 

Alloxan-induced diabetic 

Wistar rats 

1) This extract reduced fasting glucose and HbA1c levels while increasing 

insulin levels without causing liver toxicity, with the LD50s of the extracts 

being greater than 15 g/kg. 

9 

Hydroethanolic (70% ethanol–

water), carbon tetrachloride, 

and dichloromethane extract 

Male Wistar rats 1) All extracts, particularly the carbon tetrachloride extract, significantly 

reduced blood glucose levels. 

57 

Aqueous extract + ZnONPs Male Wistar rats 1) 𝑍𝑛𝑂𝑒𝑥𝑡  nanoparticles could reduce the FBS level and increase the level of 

insulin in alloxan-diabetic rats. 

58 

Ethanolic extract Male Wistar rats 1) VAE could reduce the abnormalities associated with diabetes and improve 

liver histoarchitecture by enhancing the activity of hepatic carbohydrate 

metabolizing enzymes, increasing glycogen content, and regulating the 

expression of genes involved in glucose and lipid homeostasis in the liver. 

59 

Hydroethanolic extract 

(70% Ethanol) 

Male Wistar rats 1) The combination of aerobic training with Qaraqat supplementation and 

separately had useful effects on diabetes and antioxidant parameters.  

11 

Hydroethanolic extract 

(70% Ethanol) 

A randomized double-blind 

placebo-controlled clinical 

1) The hydroalcoholic extract reduced the blood levels of fasting glucose, 2-

h postprandial glucose, and HbA1c without adverse effects 

9 



trial on 37 patients with type 

2 diabetes 

Hydroethanolic extract 

(70% Ethanol) 

A randomized, double-blind 

and placebo-controlled 

clinical trial on 103 

hypertensive hyperlipidemic 

type 2 diabetic outpatients  

1) The extract decreased the blood levels of fasting glucose, 2-hr 

postprandial glucose, HbA1c compared to those of the placebo group at the 

endpoint. 

36 

Anti-hyper 

lipidemic 

activity 

Hydroethanolic (70% ethanol), 

carbon tetrachloride, and 

dichloromethane extract 

Male Wistar rats 1) All extracts, particularly the carbon tetrachloride extract, significantly 

reduced lipid levels. 

57 

Aqueous extract + ZnONPs Male Wistar rats 1) The in cooperation of ZnO and extract could improve lipid profile by 

decreasing the TG levels and increasing the HDL levels in rats. 

58 

Hydroethanolic extract 

(ethanol/water (70% Ethanol) 

A Randomized Double-Blind 

Placebo-Controlled Clinical 

Trial on 40 patients with 

hyperlipidemic  

1) The extract improved the lipid profile by lowering total cholesterol, TG, 

and LDL-C levels while increasing HDL-C levels without any adverse effects. 

21 

Hydroethanolic extract 

(70% Ethanol) 

A randomized, double-blind 

and placebo-controlled 

clinical trial on 103 

hypertensive hyperlipidemic 

type 2 diabetic outpatients  

1) The extract enhanced the lipid profile through reducing total cholesterol, 

TG, and LDL-C levels compared to those of the placebo group at the 

endpoint. 

36 

Hydroethanolic extract 

(70% Ethanol) 

A Randomized, Double-Blind, 

Placebo-Controlled Clinical 

Trial on 50 hyperlipidemic 

patients 

1) The ethanolic extract reduced total cholesterol, TG, LDL-C, and MDA 

levels, while didn’t have effect on HDL-C and hs-CRP levels. 

67 



Antioxidant 

activity 

Ethanolic extract, methanolic 

extract, and aqueous extract 

In vitro assay 1) EE exhibited the highest antioxidant activity in the DPPH radical 

scavenging assay (SC50: 0.141 ± 0.009 mg/mL), the metal chelating radical 

scavenging assay (0.453 ± 0.007 mg/mL), and the FRAP assay (62.06 ± 2.13 

mg BHAE/g dry weight). In comparison, AE showed the lowest activities in all 

three assays. 

56 

Aqueous, methanolic, ethyl 

acetate and hydroethanolic 

(70% Ethanol) extract 

In vitro assay 1) The IC50 values for the antioxidant evaluation of the extracts were ranked 

in the following order: fruits methanol, and leaves ethyl acetate extracts (35 

μg/ml)> leaves ethanol extract (25 μg/ml)> fruits ethyl acetate extract (15.6 

μg/ml). 

35 

Methanolic extract In vitro assay 1) The leaf extract exhibited the highest antioxidant activity, as evidenced by 

the FRAP and DPPH radical scavenging assays, yielding values of 53 µM TEAC 

and 8.4 µg/mL SC50. 

27 

DNA 

protective 

effects 

Ethanolic extract, methanolic 

extract, and aqueous extract 

In vitro assay 1) All extracts especially EE provided substantial protection for supercoiled 

plasmid pBR322 DNA against damage induced by Fenton’s reagents. 

56 

Antimicrobial 

activity 

Aqueous, methanolic, ethyl 

acetate and hydroethanolic 

(70% Ethanol) extract 

In vitro assay 1) The Antimicrobial properties of the extracts were in the following order: 

fruits methanol extract > fruits and leaves aqueous extracts > fruits ethyl 

acetate extract. 

35 

Essential oils and hydroalcoholic 

extract 

In vitro assay 1) The essential oil of V. arctostaphylos demonstrated significant 

antibacterial activity against a majority of tested bacteria, whereas the 

hydroalcoholic extract did not exhibit any antibacterial effects. 

33 

Methanolic extract The antibiotic-resistant 

clinical isolate A. baumanii 

1) The leaf extract decreased the biofilm-forming capacity of the A. baumanii 

more than the fruit extract. 

2) The leaf extract had higher antimicrobial activity than the fruit extract. 

27 



Aqueous extract + ZnONPs In vitro assay 1) 𝑍𝑛𝑂𝑒𝑥𝑡  nanoparticles strongly prevented the growth of gram-positive 

bacteria (S. aureus) 

58 

Aqueous extract + ZnONPs 

DDW + ZnONPs 

ZnO/CuO (10%) nanocomposites 

ZnO/CuO (5%) nanocomposites 

ZnO nanoparticles 

In vitro assay 1) The antibacterial properties of the samples were in the following order: 

ZnO/CuO (10%) > ZnO/CuO (5%) > ZnO (ext) > ZnO (W) 

60 

Aqueous extract + ZnONPs  

Water + ZnONPs 

EXT/ZnO/Ag5, EXT/ZnO/Ag10 

composites 

In vitro assay 1) The green-synthesized EXT/ZnO/Ag10 sample demonstrated significant 

antibacterial activity against both E. coli and S. aureus in comparison with 

other samples.  

2) This sample also showed great destructive effects on E. coli genome. 

54 

Antihyperten

sive 

activity 

Aqueous extract Male Sprague-Dawley rats 1) The aqueous extract of V. arctostaphylos leaves at 75 mg/kg had 

hypotensive activity at 20, 40 and 60 minutes after administration, but it 

didn’t cause a change in heart rate. 

62 

Hydroethanolic extract 

(70% Ethanol) 

A randomized, double-blind 

and placebo-controlled 

clinical trial on 50 

overweight/obese 

hypertensive patients  

1) The extract lowered both systolic and diastolic blood pressure without any 

side effects or adverse interactions with other antihypertensive medications. 

68 

Hydroethanolic extract 

(70% Ethanol) 

A randomized, double-blind 

and placebo-controlled 

clinical trial on 103 

hypertensive hyperlipidemic 

type 2 diabetic outpatients  

1) The extract reduced systolic and diastolic blood pressures compared to 

those of the placebo group at the endpoint without any adverse effects. 

36 



Anti-

inflammator

y activity 

Ethanolic extract, methanolic 

extract, and aqueous extract 

Male Balb/c mice 1) EE reduced the formalin-induced edema in rats when administered at 

doses of 100 and 300 mg/kg. 

56 

Protective 

effect in 

gentamicin 

induced 

nephrotoxicit

y 

Hydroethanolic extract 

(70% Ethanol)  

Male Wistar rats 1) The fruit extract strongly improved the serum urea and creatinine, sodium 

ion, and factors such as volume of renal tubules, blood vessels, and volume 

and number of glomeruli. 

2) The 400 mg/kg dose of the extract exhibited the highest effectiveness. 

 

63 

Anti-fibrotic 

activity  

(hepatoprote

ctive) 

Hydromethanolic extract 

(75% methanol) 

 

Male Wistar rats 1) The extract reduced the 𝐶𝐶𝑙4-induced increase in liver function enzymes 

in serum and improved histopathological architecture, inflammation, and 

fibrosis. The results of this study showed that V.a inhibited HSC activation 

and decreased ECM production. 

 

38 

hepato-

renal 

protective 

activity  

Hydroethanolic extract 

(70% Ethanol) 

BALB/c mice 1) The LD50 of V. arctostaphylos fruit extract was found to be 1732 mg/kg.  

2) This fruit extract improved liver enzyme levels, kidney function, and 

regulated antioxidant and anti-apoptotic mechanisms in mice. 

64 

Neuroprotec

tive 

activity 

Hydroethanolic extract  

(70% Ethanol) 

Male Wistar rats 1) The positive effects of V.a were stronger than V.m in improving cerebral 

hemodynamic, reducing necrotic events, and decreasing the lipoxidative 

process in the brain through its ability to increase antioxidant enzymes. 

40 

V. arctostaphylos seeds oil 

(VASO) 

Male Wistar rats 1) VASO reduced hemorrhage volume and enhance behavioral outcomes in 

CIS/R rat models by modulating inflammation, apoptosis, and oxidative 

stress factors. 

65 



Protective 

effect in 

oxymetholon

e induced 

testicular 

toxicity 

Hydroethanolic extract  

(70% Ethanol) 

BALB/c mice 1) This hydroalcoholic extract enhanced the reproductive damage caused by 

OM by regulating the ROS system, decreasing NO levels, increasing testicular 

FRAP and MDA levels, and normalizing sex hormone levels such as LH, FSH, 

and testosterone. 

69 

 

Abbreviation: HCT-116 - Colorectal cancer cells (HCT-116), SeNPs - Selenium nanoparticles (SeNPs), 4T1 - Breast cancer cells (4T1), MCF-7 - Michigan cancer 

foundation-7 (MCF-7), BW - Body Weight (BW), LW - Liver Weight (LW), HCC - Hepatocellular carcinoma (HCC), HOTAIR - an oncogenic non-coding RNA (HOTAIR), 

Notch1 - a Protein Coding gene (Notch1), miR-124 - a specific type of small single-stranded RNA molecule (miR-124), EE - Ethanol extract (EE), ME - Methanol 

extract (ME), AE - Aqueous extract (AE), IC50 - Half-maximal inhibitory concentration (IC50), PBG - Postprandial blood glucose (PBG), TG - Triglyceride (TG), INS – 

Insulin (INS), GLUT4 - Glucose transporter type 4 (GLUT4), GPx - Glutathione peroxidase (GPx), CAT – Catalase (CAT), SOD - Superoxide dismutase (SOD), HbA1c - 

Glycosylated hemoglobin (HbA1c), LD50 - Lethal dose 50 (LD50), ZnONPs - ZnO nanoparticles (ZnONPs), 𝒁𝒏𝑶𝒆𝒙𝒕 - ZnO nanoparticles with in corporating the 

extract (𝑍𝑛𝑂𝑒𝑥𝑡), FBS - Fasting blood sugar (FBS), VAE - V. arctostaphylos fruit ethanolic extract (VAE), HDL - High-density lipoproteins (HDL), LDL-C - Low-density 

lipoprotein-cholesterol (LDL-C), HDL-C - High-density lipoprotein-cholesterol (HDL-C), MDA - Malondialdehyde (MDA), hs-CRP - high-sensitivity C-reactive protein 

(hs-CRP), DPPH - 2,2-Diphenyl-1-picrylhydrazyl (DPPH), SC50 -Drug concentration eliciting 50% of the maximum stimulation (SC50), FRAP - Ferric reducing 

antioxidant power (FRAP), BHAE - Butylated hydroxyanisole equivalents (BHAE), TEAC - Trolox Equivalent Antioxidant Capacity (TEAC), pBR322 DNA - First-

generation E. coli vector for DNA cloning (pBR322 DNA), v/v - volume/volume percentage (v/v), A. baumanii - Acinetobacter baumannii (A. baumanii), S. aureus 

- Staphylococcus aureus (S. aureus), DDW - Double distilled water (DDW), CuO - Copper oxide (CuO), 𝑪𝑪𝒍𝟒 - Carbon tetrachloride (𝐶𝐶𝑙4), V.a – Vaccinium. 

Arctostaphylos (Va), HSC - Hepatic stellate cell (HSC), ECM - Extracellular matrix (ECM), V.m - V. myrtillus (V.m), VASO - V. arctostaphylos seeds oil (VASO), CIS/R - 

Cerebral ischemic stroke-reperfusion (CIS/R), OM - Oxymetholone (OM), ROS - Reactive oxygen species (ROS), NO - Nitric oxide (NO), LH - Luteinizing hormone 

(LH), FSH - Follicle-stimulating hormone (FSH), mg - milligram (mg), ml - milliliter (ml), g – gram (g), kg – kilogram (kg), μg - micrograms (μg), μM – micromole 

(μM). 

 



1.6. Clinical trials 

1.6.1. Type 2 diabetes 

A study was conducted involving 37 patients aged 40 to 60 years with type 2 diabetes. These 

patients were treated with a hydroethanolic extract of whortleberry fruit (1 capsule containing 

350 mg, taken every 8 hours for 2 months) in combination with anti-hyperglycemic 

medications. The results indicated that the whortleberry extract could enhance the 

effectiveness of conventional diabetes medications, demonstrating greater anti-

hyperglycemic effects than the traditional drugs alone. At the conclusion of the study, the 

extract was shown to significantly reduce blood levels of fasting glucose, 2-hour postprandial 

glucose, and HbA1c when compared to baseline measurements. Importantly, there were no 

significant changes observed in the levels of SGOT, SGPT, or creatinine in the patients 9.  

 

1.6.2. Dyslipidemia 

Two randomized, double-blind, placebo-controlled clinical trials involving 40 patients with 

hyperlipidemia, as well as 103 outpatients with hypertension, hyperlipidemia, and type 2 

diabetes, demonstrated that a capsule containing a standardized 350 mg of the berry 

hydroethanolic extract powder can improve lipid profiles. Participants taking the extract 

showed reductions in total cholesterol, triglycerides, and low-density lipoprotein-cholesterol 

(LDL-C) levels compared to the placebo group 21,36. 

In another randomized study, it was found that patients who took hydroethanolic extract of 

ripe V. arctostaphylos berries in capsules containing 45 ± 2 mg of anthocyanins experienced a 

reduction in total cholesterol, triglycerides, LDL-C, and MDA levels. However, there was no 

effect on high-density lipoproteins (HDL) or high-sensitivity C-reactive protein (hsCRP) levels, 

which are indicators of inflammation 67. 

 

1.6.3. Hypertension 

Kianbakht et al. reported that a three-month intake of a capsule containing 400 mg of the 

berry hydroethanolic extract powder, taken three times daily, lowered systolic blood pressure 



(SBP) and diastolic blood pressure (DBP) in 50 overweight or obese hypertensive patients 

without any side effects or adverse interactions with other antihypertensive medications 68. 

In another clinical trial, it was observed that the administration of 350 mg of a standardized 

plant leaf hydroethanolic extract capsule, taken three times daily for two months, also 

resulted in decreased systolic and diastolic blood pressures, along with improvements in 

diabetic factors like the blood levels of fasting glucose, 2-h postprandial glucose, and HbA1c, 

in 103 hypertensive hyperlipidemic type 2 diabetic outpatients 36. The clinical studies about 

the therapeutic effects of V. arctostaphylos are summarized in Table 1. 

1.7. Comparative Analysis of V. arctostaphylos and Related Species 

Some studies show that V. arctostaphylos shares several similar phytochemicals with its more 

commonly known relatives, particularly V. myrtillus and V. corymbosum; on the other hand, 

several differences in concentration and composition have been reported. A comparative 

study in Turkey investigated the antioxidant activity of two wild species (V. arctostaphylos and 

V. myrtillus) versus one cultivated species (V. corymbosum) of blueberries. It was found that 

both wild species had higher levels of total phenolics, flavonoids, and anthocyanins than the 

cultivated blueberries, leading to greater antioxidant activity, measured by methods like 

CUPRAC (CUPric Reducing Antioxidant Capacity), FRAP, and DPPH. Among the wild species, V. 

myrtillus was the strongest antioxidant, with the highest anthocyanin content and highest 

ferric-reducing power. V. arctostaphylos, while slightly less effective in some areas, had a high 

phenolic content and strong ability to scavenge radicals 70. Another research paper has 

reported that V. myrtillus and V. arctostaphylos leaves are both exceptional sources of 

phenolic compounds, namely hydroxycinnamates, and flavonoids. The compound 5-O-

caffeoylquinic acid is the most abundant among them and its concentration varies from 

approximately 105 to 226 mg/g. Moreover, the analysis showed that V. myrtillus has larger 

amounts of quercetin-3-O-glucoside, while V. arctostaphylos exclusively possesses quercetin-

3-O-rutinoside and an acetylated glucoside. The research also revealed that the extracts from 

both types of leaves have greatly facilitated the blood flow to the brain, reduced the brain 

necrosis area, and increased the brain's antioxidant defense. The most important thing is that 

the neuroprotective and antioxidant actions of V. arctostaphylos were more pronounced than 

those of V. myrtillus and even exceeded the activity of a standardized Ginkgo biloba extract 40. 



1.8. Developmental Challenges and Commercialization Prospects of V. arctostaphylos 

Despite the increasing evidence supporting the medicinal and nutritional potential of V. 

arctostaphylos, turning these findings into standardized therapeutic or nutraceutical products 

is still limited. Several challenges block this progress. First, there are few human clinical trials, 

and the ones that exist often involve small sample sizes or lack standardized extract 

characterization. This issue is also commonly seen with other Vaccinium species like V. 

myrtillus 71,72. Second, differences in phytochemical composition based on geographical 

origins and harvesting stages make it difficult to set up consistent quality-control protocols. 

This challenge is similarly observed in bilberry products 73. Third, anthocyanins and phenolic 

compounds in V. arctostaphylos are chemically unstable. Suitable encapsulation or 

stabilization strategies are needed to maintain their effectiveness during formulation and 

storage. Comparable stability issues have been noted in various Vaccinium-derived 

anthocyanins 74. 

On the positive side, there are promising opportunities for commercialization. Advances in 

microencapsulation and freeze-drying technologies have improved the stability and shelf-life 

of antioxidants from berries 75. With rising consumer demand for natural antioxidants and 

functional foods, V. arctostaphylos could be an important source for creating dietary 

supplements, beverages, or standardized extracts. To make this happen, collaborative 

research that combines Photochemistry, pharmacology, and regulatory science is necessary. 

This approach has been emphasized for other commercialized Vaccinium species like 

cranberry (V. macrocarpon) 76. Such cooperative efforts will be essential for connecting 

laboratory findings to clinical or market applications. 

1.9. Future perspectives 

Given the promising phytochemical constituents, pharmacological properties and clinical 

application of V. arctostaphylos, several areas should be prioritized in future research. Since 

many of its active constituents are phenolic compounds, technologies such as encapsulation 

(e.g., nano- or microencapsulation) could be used to improve their stability, bioavailability, 

and therapeutic effectiveness. These approaches can help protect sensitive compounds 

during storage and digestion and allow for controlled release in the body. 



Additionally, enriching the extract using techniques such as macroporous resin adsorption 

could help concentrate the total phenolic content, including flavonoids, phenolic acids, and 

anthocyanins. Comparing the biological activity of these enriched fractions with the crude 

extract could help determine which components are most responsible for the observed 

effects. 

Moreover, toxicity assessments are essential to ensure the safety of these extracts and 

compounds, especially if they are to be developed for clinical use.  

Also, investigating the plant’s use in combination with other medicinal herbs could help 

identify potential synergistic effects, which may enhance therapeutic outcomes. Finally, 

further studies on the mechanisms of action are needed, which provide a deeper 

understanding of how the plant exerts its beneficial effects. 

2. Conclusion 

V. arctostaphylos L. represents a valuable medicinal plant with a rich ethnobotanical 

background and promising pharmacological potential. Traditionally used in northern Iran for 

the treatment of diabetes and hypertension, this species has attracted increasing scientific 

interest due to its diverse range of bioactive constituents, particularly anthocyanins, 

flavonoids, and phenolic acids. Modern pharmacological studies have provided preliminary 

evidence supporting its antioxidant, antidiabetic, antihypertensive, and hypolipidemic effects. 

Additionally, early-phase clinical trials have shown encouraging results, although further large-

scale, well-designed studies are needed to confirm its efficacy and safety in human 

populations. 

Despite its potential, comprehensive investigations into the mechanisms of action, 

standardization of extracts, and long-term clinical effects of V. arctostaphylos are still limited. 

Future research should focus on identifying the specific active compounds responsible for its 

therapeutic actions, exploring its synergistic effects with conventional drugs, and assessing its 

bioavailability and pharmacokinetics. 

In conclusion, V. arctostaphylos holds significant promise as a multifunctional nutraceutical 

agent in the management of metabolic and cardiovascular disorders. Therefore, its 



incorporation into evidence-based complementary therapies may offer a safe and effective 

strategy for the prevention and management of metabolic and cardiovascular disorders. 
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Figure 1: Volatile compounds isolated from V. Arctostaphylos 



 

Figure 2: Flavonoids and their glycosides isolated from V. Arctostaphylos 



 

Figure 3: Anthocyanins isolated from V. Arctostaphylos 



 

Figure 4: Phenolic acids isolated from V. arctostaphylos  

 


