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Abstract: Aristotelia chilensis ([Molina], Stuntz) a member of the family Eleocarpaceae, is a plant na-
tive to Chile that is distributed in tropical and temperate Asia, Australia, the Pacific Area, and South 
America. The juice of its berries has important medicinal properties, as an astringent, tonic, and anti-
diarrhoeal. Its many qualities make the maqui berry the undisputed sovereign of the family of so-called 
"superfruits", as well as a valuable tool to combat cellular inflammation of bones and joints. Recently, it is discovered that 
the leaves of the maqui berry have important antibacterial and antitumour activities. This review provides a comprehen-
sive overview of the traditional use, phytochemistry, and biological activity of A. chilensis using information collected 
from scientific journals, books, and electronic searches. Anthocyanins, other flavonoids, alkaloids, cinnamic acid deriva-
tives, benzoic acid derivatives, other bioactive molecules, and mineral elements are summarized. A broad range of activi-
ties of plant extracts and fractions are presented, including antioxidant activity, inhibition of visible light-induced damage 
of photoreceptor cells, inhibition of α-glucosidase, inhibition of pancreatic lipase, anti-diabetic effects, anti-inflammatory 
effects, analgesic effects, anti-diabetes, effective prevention of atherosclerosis, promotion of hair growth, anti-photo age-
ing of the skin, and inhibition of lipid peroxidation. Although some ethnobotanical uses have been supported in in vitro 
experiments, further studies of the individual compounds or chemical classes of compounds responsible for the pharma-
cological effects and the mechanisms of action are necessary. In addition, the toxicity and the side effects from the use of 
A. chilensis, as well as clinical trials, require attention. 

Keywords: Aristotelia chilensis, functionals foods, traditional uses, phytochemical investigation, secondary metabolites, bio-
logical activity. 

1. INTRODUCTION 

 The maqui (Aristotelia chilensis), commonly known as 
maqui berry, clon, queldron, koelon or Chilean wineberry, is 
a delicious, dark red or purplish, sweet tasting, dry berry (it 
resembles the elder, Sambucus nigra) of approximately 4-5 
mm in diameter, very similar to the blueberry, that ripens 
from December to January [1]. The berries are rich in antho-
cyanins (delphinidins and cyanidins), antioxidants responsi-
ble for their purple coloration and, in all likelihood, for many 
of the medicinal properties attributed to it. For centuries, the 
therapeutic qualities of the maqui have been known to the 
Mapuche, indigenous people who have traditionally lived in 
the southern part of Chile. According to the conquistadors, 
the Mapuche warriors ate very little solid food and drank 
both a fresh and a fermented beverage made from maqui 
berry called “chicha”, which might have contributed to the 
strength and stamina that the warriors exhibited. 
 
*Address correspondence to this author at the Department of Chemical 
Sciences, University Federico II, Complesso Universitario Monte S. Angelo, 
Via Cintia 4, 80126 Napoli, Italy; Tel: +39-081-674472; Fax: +39-081-
674393; E-mail: zarrelli@unina.it 

 The Mapuche Indians have medicinally used the maqui 
berry leaves, stems, fruits and wine for thousands of years.  
 Traditionally, it is believed to heal wounds, relieve sore 
throats and act as an analgesic. Today, the maqui berry is 
regarded as a “super fruit” due to its superior antioxidant 
properties. 

2. TAXONOMY, MORPHOLOGY AND DISTRIBU-
TION 

 The maqui belongs to the Eleocarpaceae family, with 10 
genera and approximately 400 species. It is native to the 
Valdivian temperate rainforests of Chile and is distributed in 
tropical and temperate Asia, Australia, the Pacific Area, and 
South America, but not Africa. It is found up to 2,500 m in 
elevation. It has white flowers and is a pioneer of deforested 
or burned areas, growing in moist soil with plenty of humus. 
It grows on an evergreen bush that reaches approximately 3 
to 4 metres high that flowers from September to December 
[1]. The genus Aristotelia is so named in honour of the phi-
losopher Aristotle (384-323 BC). This plant was introduced 
to the southeast of England in the 1700s and early 1900 to 
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the United States (Seattle, Washington, California), where 
they call it "Chilean wineberry". It is grown in nurseries and 
then planted in acidic or slightly alkaline soils in the sun and 
shade. It can withstand temperatures to -10 °C. It propagates 
by seed or cuttings. In Chile, industrial production does not 
occur, and most of the berries are harvested from wild plants 
(90,000 kg per year). A mature plant produces 10 kg of fruit 
every 7 years. The taxonomy of the plant is described in  
Table 1. 
 
Table 1. Taxonomy of A. chilensis. 

Kingdom Plantae 

Sub-kingdom Tracheobionta 

Division Magnoliophyta (ex Angiospermae) 

Class Magnoliopsida (ex Dicotyledones) 

Sub-class Dillenidae 

Order Malvales or Oxidales 

Sub-order Sterculiinae 

Family Elaeocarpaceae 

Genus Aristotelia 

Species chilensis 

 
3. TRADITIONAL USE AND PROPERTIES 

 From the berries, a commercial product juice is obtained 
with important medicinal properties, such as astringent, 
tonic, and anti-diarrhoeal, and a natural dye from the antho-
cyanin pigments of the red berries. Its many qualities make 
the maqui berry the undisputed sovereign of the family of so-
called "superfruits", and it is considered superior to goji, 
mirtili, cranberry, elderberry, blackcurrant and acai, as well 
as a valuable tool to combat cellular inflammation of bones 
and joints [1]. In Chile, the maqui berries are used to make 
jam, ice cream, tea, juice, and liquors. Currently, maqui ber-
ries are marketed in the form of juices and infusions: drink-
ing a cup 3-4 times a day allows one to take advantage of the 
properties of this plant, in addition to accelerating the heal-
ing of ulcers and wounds. Supplements are also derived from 
the maqui: 25-50 mg per day acts as a powerful antioxidant, 
50-100 mg per day blocks cellular inflammation, and 250-
500 mg per day activates the enzyme of life, thereby promot-
ing weight loss and slowing down the ageing process. Even 
the leaves have recognized medicinal properties because they 

contain alkaloids that have a high antioxidant capacity. Their 
use is in the preparation of infusions that fight irritation of 
the throat and that are analgesic and antipyretic. Recently, it 
was discovered that the leaves of the maqui berry have im-
portant antibacterial and antitumour activities. 

4. PHYTOCHEMICAL INVESTIGATIONS 

 Phytochemical screening of maqui extract (fruits or 
leaves) revealed the presence of anthocyanins, other flavon-
oids, alkaloids, cinnamic acid derivates, benzoic acid deriva-
tives, other bioactive molecules, and mineral elements. 

4.1. Anthocyanins and Other Flavonoids 

 An increasing number of studies suggest that the con-
sumption of fruits, vegetables, and beverages rich in pheno-
lic antioxidants protects against cardiovascular disease. Ber-
ries and their derived products have shown a positive impact 
on several chronic conditions, including obesity, cancer, and 
cardiovascular and neurodegenerative diseases. Their bio-
logical properties have been largely attributed to high levels 
of various phenolic compounds, as well as to the interactive 
synergies between their natural phytochemical components. 
Like other fruits, berries contain high levels of various phe-
nolic compounds. In the pulp or coat, the maqui berry con-
tains a particularly high concentration of anthocyanins and, 
to a lesser extent, other flavonoids. After different extraction 
and hydrolysis procedures, the isolation and purification of 
individual anthocyanins and flavonoids was performed by 
paper chromatography [2], open column chromatography 
[3], Sephadex LH-20, preparative, and reversed phase high-
performance liquid chromatography (RP-HPLC) with diode 
array detection (DAD) and mass spectrometry (ESIMS). 
Total quantification was obtained using the colorimetric Fo-
lin-Ciocalteu method [4-5], while their structure was deter-
mined by UV, 1H-NMR and 13C-NMR spectra and by direct 
comparison with authentic samples. In particular, anthocyan-
ins are present as derivatives of delphinidin, malvidin, pe-
tunidin, cyanidin, peonidin and their derivatives linked to 
different sugars (glucose, rhamnose, sambubiosides, ruti-
noside), which may be 3-glucosides, 3,5-diglucosides, 3,7-
diglucosides, 3-sambubiosides, 3-sambubioside-5-glucoside, 
3-sambubioside-5-rhamnoside, and 3-rutinoside. There are 
several reports of the anthocyanin chemical composition of 
A. chilensis indicating a relatively high anthocyanin content 
(~135 mg for 100 g fresh weight). The total anthocyanin 
content in the maqui berry extracts (MBE) is ~35%, of which 
the anthocyanin proportion is ~80% of delphinidin, with 
malvidin, petunidin, cyanidin, and peonidin derivatives mak-
ing up the total [6]. MBE anthocyanins were analysed by 
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HPLC, and at least 20 types of anthocyanins were deter-
mined, as listed in Table 2 [3, 5-8]. The HPLC data reveal 
that the main anthocyanins are compounds A4 and A6, 
whose contents are ~14% and ~7%, respectively, and minor 
quantities of compounds A2, A3, A15, A16, A17, and A18, 
whose contents are ~6%, ~1.5%, ~0.9%, ~0.5%, ~2%, and 
~3%, respectively, are also present. 
 Other flavones present include rutin (F2); myricetin (F1), 
its derivative (the compound F5) that is not well defined by 
the structural point of view, and two corresponding glycosy-
lated at carbon C-3 (linked to galactose (F6) and glucose 
(F7), respectively); quercetin (F3) and its derivatives at C-3 
linked to different sugars (rutinoside (F8), galactose (F9), 
glucose (F10), xylose (F11), rhamnose (F12), and arabinose 
(F13), and its 5,3'-O-dimethyl ether derivative (F4)); and 
kaempferol (F16) and its derivatives linked at carbon C-3 
with galactose (F14) or rutinoside (F15) (see Table 3). From 
an aqueous extract of dried powdered leaves of A. chilensis, 
using preparative TLC on silica gel and HPLC/ESI-MS 
analyses, catechin (FL1) and epicatechin (FL4), gallocate-
chin gallate (FL2), and proanthocyanidin B (FL3) were iso-
lated [3]. A. chilensis also contained proanthocyanidin di-

mers (56%) and trimers (14%) [9, 10]. For determination of 
the antioxidant capacity, different tests have been developed, 
such as the Trolox equivalent antioxidant capacity (TEAC), 
total radical-trapping antioxidant parameter (TRAP), and 
ferric reducing-antioxidant power (FRAP) [5]. 

4.2. Alkaloids 

 Phytochemical studies of the chemical composition of A. 
chilensis indicate the presence of indolic alkaloids. Air-dried 
powdered leaves of the plant were exhaustively at room tem-
perature with n-hexane, dichloromethane and methanol. If 
the hexane extract did not show any positive spots with the 
Dragendorff reagent, dichloromethane and methanol extracts 
showed a similar alkaloid profile and were treated together. 
Using extraction methods and preparative TLC on silica gel, 
15 compounds were isolated and successively identified by 
UV, NMR, and IR spectroscopy. The main components were 
aristoteline (IA1), serratoline (IA3), aristone (IA5), and 
hobartinol (IA9) (Table 5) [11-14]. From the latter, other 
minor alkaloids were isolated in very small quantity [15-20]. 
Aristoteline (IA1) is a pentacyclic alkaloid, widely found in 
four out of five Aristotelia species, and it has been used as a

Table 2. Common name and relative substituents of anthocyanins (A). 

No. CAS Number Common name R R1 R2 R3 R4 R5 

A1 528-53-0 Delphinidin H H H H H OH 

A2 6906-38-3 Delphinidin-3-O-β-D-glucoside H H Glc H H OH 

A3 178275-92-8 Delphinidin-3-O-β-D-sambubioside H H A H H OH 

A4 47851-70-7 Delphinidin 3,5-O-β-D-diglucoside Glc H Glc H H OH 

A5 64963-56-0 Delphinidin 3,7-O-β-D-diglucoside H Glc Glc H H OH 

A6 1429656-97-2 Delphinidin-3-O-β-D-sambubioside-5-O-β-D-glucoside Glc H A H H OH 

A7 - Delphinidin gallate Incompletely defined substance 

A8 - Delphinidin 3-glucoside acylated with p-coumaric acid Incompletely defined substance 

A9 47863-30-9 Malvidin 3,5-O-β-D-diglucoside Glc H Glc H CH3 OCH3 

A10 786599-59-5 Malvidin 3,7-O-β-D-diglucoside H Glc Glc H CH3 CH3 

A11 - Malvidin 3,5-O-β-D-diglucoside acylated with p-coumaric acid Incompletely defined substance 

A12 500133-31-3 Petunidin 3-O-β-D-glucoside H H Glc H CH3 OH 

A13 25846-73-5 Petunidin 3,5-O-β-D-diglucoside Glc H Glc H CH3 OH 

A14 528-58-5 Cyanidin H H H H H H 

A15 500133-02-8 Cyanidin 3-O-β-D-glucoside H H Glc H H H 

A16 63535-17-1 Cyanidin 3-O-β-D-sambubioside H H A H H H 

A17 20905-74-2 Cyanidin 3,5-O-β-D-diglucoside Glc H Glc H H H 

A18 73036-94-9 Cyanidin 3-O-β-D-sambubioside-5-O-glucoside Glc H A H H H 

A19 53859-12-4 Cyanidin 3-O-β-D-glucoside-5-O-β-D-rhamnoside Rha H Glc H H H 

A20 218290-50-7 Peonidin 3-O-β-D-rutinoside H H B CH3 H H 
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Table 3. Common name and CAS number of flavonols (F). 

No. CAS Number Compound R R1 R2 R3 

F1 529-44-2 Myricetin OH H OH OH 

F2 153-18-4 Rutin B H OH H 

F3 117-39-5 Quercetin OH H OH H 

F4 40554-94-7 Quercetin 5,3'-O-dimethyl ether OH CH3 OCH3 H 

F5 - Myricetin 3-O-β-D-galoylglucoside ? H OH OH 

F6 15648-86-9 Myricetin 3-O-β-D-galactoside Gal H OH OH 

F7 19833-12-6 Myricetin 3-O-β-D-glucoside Glc H OH OH 

F8 153-18-4 Quercetin 3-O-β-D-rutinoside B H OH H 

F9 482-36-0 Quercetin 3-O-β-D-galactoside Gal H OH H 

F10 482-35-9 Quercetin 3-O-β-D-glucoside Glc H OH H 

F11 549-32-6 Quercetin 3-O-β-D-xyloside Xyl H OH H 

F12 494859-14-2 Quercetin 3-O-β-D- rhamnoside Rha H OH H 

F13 30370-87-7 Quercetin 3-O-β-D-arabinoside Ara H OH H 

F14 23627-87-4 Kaempferol 3-O-β-D-galactoside Gal H H H 

F15 17650-84-9 Kaempferol 3-O-β-D-rutinoside B H H H 

F16 520-18-3 Kaempferol OH H H H 

 
Table 4. Common name and CAS number of other flavonoids (FL). 

No. CAS Number Compound R R1 R2 R3 

FL1 154-23-4 Catechin OH H H OH 

FL2 5127-64-0 Gallocatechin gallate C H OH OH 

FL3 27567-66-4 Proanthocyanidin B H D OH OCH3 

FL4 490-46-0 Epicatechin OH H H OH 

 
marker to establish the relative and absolute configuration of 
other related alkaloids, such as makonine (IA13), aristoteli-
none (IA2), serratoline (IA3) and others, which are reported 
as constituents of Aristotelia species from Australia and New 
Zealand.  
 An aqueous extract was prepared from dried powdered 
leaves of A. chilensis with boiling water. Using preparative 
TLC on silica gel and HPLC/ESI-MS analyses, aristoteline 

(IA1) and protopine (IA15) were isolated. The presence of 
IA1 in the aqueous extract was surprising and turned out to 
be significant because the aqueous extract is the form used in 
traditional medicine. Protopine (IA15), an unusual isoquino-
line alkaloid isolated for the first time for Elaeocarpaceae, 
shows interesting analgesic properties [21]. The yield of the 
alkaloids from A. chilensis is very low (3x10-4%) to carry out 
biological testing. To increase their yield, callus tissue cul-
tures were established. 
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 Through this procedure, six alkaloids, aristotelinone 
(IA2), aristone (IA5), aristotelone (IA6), aristoquinoline 
(IA8), makonine (IA13), and hobartine (IA10), were ob-
tained in higher concentration (8-9x10-2%) from callus tissue 
cultures than from the differentiated plant material [12-22]. 

4.3. Cinnamic and Benzoic Acid Derivatives 

 From ethanolic water extracts and their fractions of ma-
ture fruits of A. chilensis, cinnamic and benzoic acid deriva-

tives (Tables 6 and 7) were identified by HPLC and une-
quivocally identified by spectroscopic UV and NMR data 
analyses. The cinnamic acid derivatives caffeic acid (CA1), 
ferulic acid (CA2), p-coumaric acid (CA3), sinapic acid 
(CA4), 5-O-caffeoylquinic acid (CA5) and (E)-ethyl 3-(3,4-
dihydroxyphenyl)prop-2-enoate (CA6), and the benzoic acid 
derivatives 4-hydroxybenzoic acid (BA1), gentisic acid 
(BA2), gallic acid (BA3), and vanillic acid (BA4) were de-
tected [3-21-23]. In addition, during the identification of 
anthocyanins from maqui fruits, isolated pigments were sub-
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jected to acid hydrolysis in order to separate the sugar from 
the anthocyanidins. The sugar moieties were identified by 
paper chromatography, and the anthocyanidins were identi-
fied by spectrophotometry. When the pigment was found 
acylated, p-coumaric acid (CA3) was obtained [2]. 
 

Table 5. Common name and CAS number of indole alkaloids 
(IA). 

No. CAS Number Common name 

IA1 57103-59-0 Aristoteline 

IA2 74260-87-0 Aristotelinone 

IA3 74260-86-9 Serratoline 

IA4 66833-16-7 Aristotelinine 

IA 5 66833-17-8 Aristone 

IA6 59863-01-3 Aristotelone 

IA7 59863-01-3 2-Epi-aristotelone 

IA8 151677-05-3 Aristoquinoline 

IA9 134721-18-9 Hobartinol 

IA10 73004-61-2 Hobartine 

IA11 128508-04-3 8-Oxo-9-dehydrohobartine 

IA12 3126267-21-8 8-Oxo-9-dehydromakomakine 

IA13 79592-57-7 Makonine 

IA14 73004-61-2 3-Hydroxyindole 

IA15 130-86-9 Protopine 

 

 

COOR2R

HO
R1

E

HO COOH

HO
OH

O

 
4.4. Other Bioactive Molecules 

 Leaves of A. chilensis are used in Chilean folk medicine 
to treat pain and inflammation. A bioguided study was car-
ried out on hexane, dichloromethane, methanol, and aqueous 
extracts of leaves, as well as on a mixture of alkaloids. These 
extracts were evaluated for topical administration against 
both arachidonic acid and 12-deoxyphorbol-13-decanoate 
(TPA)-induced inflammation in mice. Greater anti-
inflammatory effects were obtained against TPA with di-
chloromethane and methanol extracts (both ~65%). The di-
chloromethane-extracted ursolic acid (BC1) and friedelin 
(BC2) were isolated [21]. Girones-Vilaplana et al. [24] re-
ported the presence of ellagic acid derivatives BC3-5 from a 
hydromethanolic extract of maqui fruits as revealed by 
HPLC-DAD-ESI-MS analysis. Unfortunately, it was impos-
sible to establish the exact structures of the ellagic acid 
hexoside BC4 and ellagitannin BC5, which are not shown in 
the above article and for which the literature data were not 
helpful. 

4.5. Mineral Content 

 The fruit mineral contents (K, Ca, Ba, Br, Zn, Co, Mo, 
Cr, Fe, Na, Rb, Cs, and Sr) have been investigated [25]. Na-
tive shrub fruits had higher contents of Br, Zn, Co, Cr, Fe, 
Mo, and Na, generally more than those of the exotic natural-
ized species. The fruit nutrient content was similar or higher 
than other values reported for fruits of temperate and tropical 
species in the world. 
 

Table 6. Common name and CAS number of cinnamic acid derivatives (CA). 

COOH
R

R1
R2

R3
 

No. CAS Number Compound R R2 R3 

CA1 331-39-5 Caffeic acid OH H H 

CA2 1135-24-6 Ferulic acid OCH3 H H 

CA3 7400-08-0 p-Coumaric acid H H H 

CA4 530-59-6 Sinapic acid OCH3 OCH3 H 

CA5 906-33-2 5-O-Caffeoylquinic acid OH H E 

CA6 530-59-6 (E)-Ethyl 3-(3,4-dihydroxyphenyl)prop-2-enoate OH H CH3CH2 
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Table 7. Common name and CAS number of benzoic acid derivatives (BA). 

No. CAS Number Common name R R1 R2 R3 

BA1 77-52-1 4-Hydroxybenzoic acid H H OH H 

BA2 490-79-9 Gentisic acid OH H H OH 

BA3 149-91-7 Gallic acid H OH OH OH 

BA4 121-34-6 Vanillic acid H OCH3 OH H 

 

Table 8. Common name and CAS number of other bioactive compounds (BC) isolated from A. chilensis. 

No. CAS Number Common name Alternative name 

BC1 77-52-1 Ursolic acid 3β-Hydroxyurs-12-en-28-oic acid 

BC2 559-74-0 Friedelin Friedelan-3-one 

BC3 161159-54-2 Granatin B / 

BC4 1574643-11-0 Ellagic acid hexoside Undefined structure 

BC5 - Dehydrogaloyl-hexahydroxydiphenoyl hexoside Undefined structure 

 
 In particular, A. chilensis berries exhibit relatively high 
mineral levels: 100 g of maqui berries yield 27% of the 
recommended daily allowance (RDA) for calcium, 28% of 
the RDA for potassium, and 70% of the RDA for iron; in 
contrast, the plant contains low sodium levels [1]. 

5. BIOLOGICAL ACTIVITY 

 The phytochemical profiling of maqui fruits as presented 
above reveals a wide range of bioactive phenolics and bio-
logical activities. Regarding their biological activity, maqui 
show good effects in terms of antioxidant, anti-diabetic, anti-
inflammatory, and anti-photo ageing, for example (Table 9). 

5.1. Antioxidant Activity 

 The aqueous and methanolic extracts of the fruits are the 
most active against the inhibition of xanthine oxidase (52.9 
and 62.7%, respectively) and in the DPPH decolouration 
assay (EC50 = 12.1 and 9.7 mg/mL, respectively). Less polar 
dichloromethane extracts have a weak activity against 
DPPH. The activity of the hexane extract is practically unno-
ticeable. The activity of all the extracts is lower than al-

lopurinol, which was used as a reference drug [21]. There-
fore, maqui fruits represent a promising source of antioxidant 
compounds, considering that they show high activity in 
DPPH. assays. This is due to their high anthocyanin content, 
as demonstrated by the positive and direct correlation be-
tween DPPH. and total anthocyanin content (TAC). Moreo-
ver, the maqui fruits show higher oxygen radical absorbance 
capacity (ORAC) values than over 100 different types of 
foods, including fruits, vegetables, nuts, dried fruits, spices 
and cereals (20 times stronger than lemon, 3.5 times stronger 
than blackcurrant, and 2.9 times stronger than wild blue-
berry). Regarding the ABTS.+ assay, maqui berries are one of 
the most active fruits according to the results of DPPH. [4-
24]. Indeed, the TAC and ABTS.+ values were highly corre-
lated. Fruits rich in anthocyanins, such as maqui berries, 
were very active in the FRAP assay; this result is also sup-
ported by a strong correlation between the FRAP and TAC 
values. In addition, FRAP assay values are strongly corre-
lated with DPPH, ORAC and ABTS.+. [3]. The superoxide 
radical anion plays an important role in the formation of 
other radical oxygen species (ROS), such as hydrogen perox-
ide, hydroxyl radical, and singlet oxygen, which induce oxi-
dative damage in DNA, protein, and lipids. Low IC50 values
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Table 9. Biological properties of maqui berries, leaves, and different extracts. 

Part used (extract) Biological property Ref. 

Berries and leaves Anti-atherogenic properties [26] 

Berries and leaves (ethanol/water (1:1)) 
Radical scavenging activity, inhibition of linoleic acid oxidation in a micellar system, 

antihaemolytic activity, and inhibition of R-amylases and R-glucosidases 
[27] 

Cardioprotective effects [protective effect against acute ischemia/reperfusion, reducing 
lipid oxidation and the concentration of thiobarbituric acid-reactive substances (TBARS)] 

[28] 

Berries (methanol) 
DPPH, Crocin radical scavenging, 

ORAC, and FRAP activities 

[28] 

[29] 

Berries (aqueous) Alterations in human erythrocyte morphology [22] 

Berries (ethanolic and water) DPPH, ORAC, FRAP, and TBARS activities [3] 

Berries [acetone/water/acetic acid 
(70:29.5:0.5)] 

ORAC [30] 

Adipogenesis and inflammation [31] 
Berries (phenolic) 

Antidiabetic effects [32, 27] 

Berries (hexane, dichloromethane, methanol, 
aqueous, and a crude mixture of alkaloids) 

Topical administration against both arachidonic acid and 12-deoxyphorbol-13-decanoate 
(TPA)-induced inflammation in mice, per-os administration against inflammation by  

l-carrageenan-induced paw oedema in guinea-pigs, topical analgesia in tail flick and for-
malin models and per-os writhing test in mice 

[21] 

Nematicidal activities [34] 
Leaves 

Antiviral activities [35] 

Astringent and febrifuge properties [36] 

Anti-diarrhoeal [37] Leaves 

Anti-inflammatory, analgesic, and anti-haemorrhagic activity [21] 

Crushed fresh leaves For treating burns and counteracting fever [38] 

 

(0.67 mg/mL dw) are obtained for this Latin American fruit, 
suggesting high activities against different types of ROS or 
free radicals under in vitro conditions [24]. The broad range 
of activities of the fruits indicates that multiple mechanisms 
are responsible for the antioxidant activity, linked to their 
characteristic phenolic content. In fact, generally the fruits 
with high quantities of anthocyanins exhibited higher activi-
ties in all the assays, suggesting that a natural complex ma-
trix of flavonoid glycosides (for example, anthocyanin, 
kaempferol and flavonol derivatives) may be involved in 
these actions. Moreover, the bioactivity of these fruits is in-
fluenced by the extraction procedure, concentration, fruit 
variety, fruit part, origin, genotype, ripening and industrial 
processing. The results of certain antioxidant assays and the 
anti-diabesity effects are somewhat poorly correlated. This 
suggests that some flavonoids can react distinctly against 
oxidative radicals with respect to their action at the active 
site of α-glucosidase and pancreatic lipase, but others, such 
as anthocyanins, may display simultaneous antioxidant and 
anti-diabesity effects [24]. 

5.2. Dry Eye Disease 
 Orally administered maqui berry extracts (MBE) sup-
press the formation of reactive oxygen species in lacrimal 
gland tissue, and they also preserve and restore tear secretion 
capacity in dry eye disease [39-41]. This effect is associated 
with the modulation of the lacrimal gland secretory system 
stimulated by MBE containing the anthocyanin delphinidin 
3,5-O-diglucoside (AC9) [42]. 

5.3. Inhibition of Visible Light-Induced Damage of Pho-
toreceptor Cells  

 An experiment was conducted to evaluate the effect of 
MBE on photoreceptor cells (isolated from mouse retina) 
upon irradiation with visible light. MBE at concentrations as 
low as 1 µg/mL significantly inhibited light-induced damage 
on the photoreceptor cells of the retina. In addition, light-
induced apoptosis of photoreceptor cells was observed. The 
effect of delphinidin-3-sambubioside (AC3) and delphinidin-
3,5-glucoside (AC9) on light-induced damage of the photo-
receptor cells of the retina was studied. Both compounds 
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significantly inhibit light-induced apoptosis of photoreceptor 
cells [43]. A chewing gum, a yogurt, a tablet, and an oph-
thalmic solution containing the light-induced retinal disorder 
inhibitors have been formulated. 

5.4. α-Glucosidase Inhibition  

 The enzyme α-glucosidase catalyses the final step in the 
digestion and breakdown of carbohydrates, so its inhibition 
can be effective for the regulation of Type II diabetes by 
controlling glucose absorption. Maqui is exceptionally effec-
tive, with lower IC50 values than the acarbose positive con-
trol (IC50 = 3.89 ± 0.79). Moreover, delphinidin (AC1) and 
myricetin (F1), present in maqui berries, have been reported 
as the best α-glucosidase inhibitors among the flavonoids [9-
10-27]. 

5.5. Pancreatic Lipase Inhibition 

 In developed countries, a treatment for obesity is inhibi-
tion of pancreatic lipase, which catalyses the conversion of 
triglycerides into monoacylglycerol and fatty acids, which 
are more absorbable. The activity of the lipase standard was 
254 U/L. The maqui fruits exhibit very low values and, 
therefore, a great inhibitory effect on pancreatic lipase (19.62 
U/L). This result is in agreement with the strong effect of 
maqui on lipid metabolism previously demonstrated, specifi-
cally the ability of maqui phenolic extracts to reduce adipo-
genesis and lipid accumulation in 3T3-L1 adipocytes [24].  

5.6. Anti-Inflammatory Effect 

 The anti-inflammatory effect of anthocyanins was evalu-
ated using mouse macrophage cells (RAW 264.7). Upon 
addition of LPS (lipopolysaccharides, inflammation inducer) 
to the macrophage cell line RAW264.7, the expression of 
cyclo-oxygenase-2 (COX-2) was markedly up-regulated in 
response to activation of the inflammatory cascades. How-
ever, in samples treated with delphinidin (AC1), up-regulation 
of COX-2 was inhibited. Meanwhile, the expression of 
COX-1 was not affected, indicating that delphinidin is a 
COX-2 selective anti-inflammatory agent. COX-1 is impor-
tant in the healthy maintenance of physiological functions. 
Upon UVB-irradiation of the skin, the inflammatory cascade 
is activated, with up-regulation of COX-2 and release of pro-
inflammatory prostaglandins E2 (PGE2) [44, 45, 31]. 

 Dichloromethane and methanol extracts have similar 
effects against 12-deoxyphorbol-13-decanoate (TPA)-
induced inflammation (63.9 and 66.0%, respectively). On the 
other hand, aqueous extracts have a large effect (56.2%) 
against arachidonic acid-induced inflammation, more than 
the reference drug nimesulide, reaching almost twice the 
effect of hexane and dichloromethane extracts (30.0 and 
31.5%, respectively). The topical anti-inflammatory effect of 
the methanol extract (20%) is not significant. Tests carried 
out with a mixture of alkaloids extracted from the same plant 
allow us to exclude the possibility that these are the cause of 
these effects [21, 46]. The topical anti-inflammatory effect in 
the TPA and arachidonic acid assays and the analgesic activ-
ity of dichloromethane may be partly caused by the mixture 
of the pentacyclic triterpenoids, ursolic acid (BC1) and 
friedelin (BC2), with quercetin 5,3′-O-dimethyl ether (F4). 

This flavonoid has greater anti-inflammatory activity than 
the positive control mefenamic acid. Reports suggest that the 
topical anti-inflammatory activity of plant extracts is due to 
the presence of these compounds, mostly to the high content 
of ursolic acid. 

 Quercetin 3-O-β-D-glucoside (F10) and kaempferol 
(F16) in the methanol extract may be responsible for the 
inhibition of both topical TPA-induced inflammation and 
analgesic activity. In vivo assays show that kaempferol, in 
particular, has a significant dose-dependent anti-inflammatory 
and analgesic activity [21]. Caffeic (CA1) and ferulic (CA2) 
acids and protopine (IA15) in the aqueous infusion could be 
responsible for its analgesic effect and inhibition of topical 
TPA-induced inflammation. Different studies showed that 
the phenolic acids CA1 and CA2 exhibit inhibitory effects 
on TPA-induced tumour promotion in mouse epidermis par-
allel to their inhibitory effect on TPA-induced epidermal 
inflammation and epidermal lipoxygenase and cyclooxy-
genase activity [21]. 

5.7. Analgesic Effect 

 A. chilensis extracts proved to be more efficient in reliev-
ing pain than inflammation in all the pharmacological mod-
els in mice and were more potent than the maximum effect 
of the reference drug naproxen sodium (54%) [21]. 

5.8. Anti-Diabetic Effects 

 A hydroalcoholic extract of maqui berry, after 3 weeks 
administration in vivo, has a significant effect in lowering 
glucose, improving endothelium-dependent relaxation and 
vascular contraction in alloxan-induced diabetes, possibly by 
the stimulation of the nitric oxide pathway. The results also 
reveal that chronic in vivo treatment of maqui extract pre-
vents dyslipidemia in alloxan diabetic rats [24, 32]. 

 The effect of maqui berry extract (MBE) on blood sugar 
level was examined using a hereditary type II diabetes mouse 
model (C57BL/6J). First, a high blood sugar level was 
stimulated by introducing a high calorie/high fat diet, and 
successively, MBE with a rich content of anthocyanins was 
orally given to type II diabetic mice. The blood sugar level 
was measured at 4-hour and 6-hour after oral administration 
of MBE. The blood sugar level decreased with increasing 
concentration of MBE. Delphinidin-3-O-β-D-sambubioside-
5-O-β-D-glucoside (A6), the main active component of 
MBE, is strongly suggested to contribute to the blood sugar 
lowering effect. In an experiment conducted using rat liver 
cells (H4IIE), MBE inhibited the synthesis of sugar by en-
hancing insulin uptake to the liver cells (suppression of glu-
cose-6-phosphatase). A further experiment conducted on L6 
muscle cells confirmed that MBE enhances the uptake of 
sugar into muscle cells and thus energy production. MBE 
inhibits glucose synthesis in type II diabetic mice by enhanc-
ing the uptake of sugar for energy production. It is recom-
mended as a natural anti-diabetes agent [24, 32]. 

5.9. Prevention of Atherosclerosis 

 Atherosclerosis has been reported as the consequence of 
oxidative stress on LDL cholesterol in the vascular wall. 

Gaston.Munoz
Resaltado
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Oxidized LDL supports foam cell formation and is a potent 
inducer of inflammatory molecules, which leads to apoptosis 
of vascular endothelial cells and the progression of athero-
sclerosis. A. chilensis contains an exceptionally high content 
of phenolics with high antioxidant capacity, which protect 
both LDL from oxidation and endothelial cells from intracel-
lular oxidative stress, suggesting that it could have anti-
atherogenic properties [26]. 

5.10. Promotion of Hair Growth 

 With regards to hair growth, activation of the dermal papilla 
cells of hair follicles is relatively important in promoting 
growth of hair matrix cells. Proliferation of dermal papilla 
cells strongly influences the process of hair growth. An in 
vitro experiment was conducted to examine the effect of 
MBE on the proliferation of dermal papilla cells. Dermal 
papilla cell proliferation increased with increasing concentra-
tions of MBE. It is believed that promoting dermal papilla 
cell proliferation at hair follicles is important in the promo-
tion of hair growth. In particular, a 30% EtOH/water extract 
of maqui berry containing delphinidin 3,5-O-β-D-
diglucoside (A4) and delphinidin-3-O-β-D-sambubioside-5-
O-β-D-glucoside (A6) significantly promoted the prolifera-
tion of normal human hair papilla cells [47]. 

5.11. Anti-Photo-Ageing of the Skin 

 The effect of MBE on photo-aging of skin was studied 
using fibroblasts cells and photo-aging induced by UVB-
irradiation. MBE effectively inhibited UVB-induced cell 
damage of fibroblasts cells. Additionally, MMP-1 encodes 
for interstitial Collagenase, an enzyme that breaks down col-
lagen. Upon UV-irradiation, the expression of MMP-1 was 
up-regulated, thus accelerating the degradation of collagen 
[48]. 

6. CONCLUSIONS 

 A. chilensis has become very popular, and its berries are 
widely used. The phytochemical studies have identified an-
thocyanins, other flavonoids, alkaloids, cinnamic acid de-
rivatives, benzoic acid derivatives, and other bioactive mole-
cules. The summary of pharmacological investigations (anti-
oxidant activity, α-glucosidase and pancreatic lipase inhibi-
tion; anti-diabetic, anti-inflammatory, analgesic, and anti-
diabetes effects) showed that studies have been mainly fo-
cused on the activity of a few pure compounds isolated from 
the maqui berries. Future studies should be directed at de-
termining the biological activity of all individual compounds 
isolated from the plant as well as the properties of different 
extracts of leaves and fruits. In addition, further studies are 
needed to determine the exact relationship between the uses 
of the fruit, whole or its derivatives, such as jam, ice cream, 
tea, juice, and liquors, and the effects recognized by tradi-
tional medicine. In the market there are already or will soon 
be several products enriched with flavonoid fractions of 
fruits. It is necessary to test their toxicity and their side ef-
fects. For example, it would be useful to carry out clinical 
trials on the blood and urine of those who use these products 
to assess changes in their clinical parameters. The variability 
in the chemical composition of this medicinal plant depend-
ing on the origin, environmental factors, altitude, and oil 

composition, requires the development of a protocol for its 
standardization, in order to obtain plant extracts with perma-
nent and good quality. In conclusion, A. chilensis shows a 
wide range of possibilities for further scientific studies in the 
phytochemistry, pharmacology, toxicology, and commercial 
development of its derivatives. 
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