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ABSTRACT

Studies carried out in different native Chilean plants demonstrate that compounds found in both fruits and leaves have the capacity to decrease oxidative cellular
damage in humans, thus contributing to the prevention of chronic illnesses such as diabetes, cancer, and arterial hypertension. Information on native Chilean medicinal
plants was extracted from the Scopus, Science Direct, Google Scholar, and PubMed databases. Plants with relevant antioxidant activity were selected based on their
chemical compounds and their use as native-flora research materials in Chile. Provitamin A, carotenoids and vitamins C and E are the main compounds found in the
studied species. Several analyses also show the presence of polyphenolic and alkaloid compounds with proven capacity to increase antioxidant activity. Therefore,
such native species should be of interest for the food, cosmetic, and pharmaceutical industries, as safer natural antioxidant compounds are crucial for the prevention
of human illnesses and for replacing the synthetic antioxidants currently in use (BHT, BHA).

The present review aims to provide up-to-date information on the traditional uses of native plants in popular medicine, and to present evidence concerning the
antioxidant activity of the studied plant species and their relationship with the active principles found.

Keywords: Antioxidant Activity, Polyphenols, Free Radicals, Native Chilean Medicinal Plants.

1. INTRODUCTION

Plants have been used for medicinal purposes throughout history, and have
contributed to the development of modern pharmacotherapy. However, despite
being a potential source of drugs, only a small proportion of species have been
studied in relation to their chemical composition and biological activity [1].

The native Chilean flora is rich in botanical genera and species, and because
of the geographical isolation of the country, it preserves specific characteristics
with little genetic variability that is relatively unknown in other parts of the world
[2]. Indigenous people in Chile have learned to use a myriad of medicinal plant
species as part of their knowledge that is inherited after generations in contact
with the natural flora. Various medicinal plants have been included as part of
foreign pharmacopoeias, such as Peumus boldus Mol (Boldo) [3]. However, the
medicinal understanding of a number of native species remains unclear and/or
under-researched. For this reason, more thorough scientific studies might
contribute to the use and application of natural compounds in the pharmaceutical
and cosmetic industries.

According to Vogel et al [2], an in-depth chemical study of native Chilean
plant species could promote therapeutic uses and encourage the cultivation of
plants, thus improving the conservation and quality of the selected genetic
material.

The global market has shown an increased interest in medicinal plants and their
products owing to various factors, such as greater research on the
pharmacological properties of traditionally used plants and herbs. The use of
medicinal plants has also expanded to the food industry [4], resulting on the one
hand in enhanced production and on the other in a growing consumption of
nutraceuticals, as well as developments in the phytocosmetic industry [5].

Various medicinal properties have been reported for native Chilean plants.
Among these, the antioxidant activity has been considered relevant in Peumus
boldus Mol (boldo), Haplopappus baylahuen Remy (bailahuén), Buddleja
globosa Hope (matico), Fragaria chiloensis ssp. chiloensis (Chilean wild
strawberry), Aristotelia chilensis (Mol) Stuntz (maqui), Ugni molinae Turcz
(murtilla), Berberis microphyla G. Forst (calafate) and Berberis darwinii
(michay) (Figure 1). In the case of P. boldus, its antioxidant properties have been
associated mainly with the presence of boldine, catechin and several phenolic
compounds with known antioxidant activity [3], [6], [7], [8]. In bailahuén,
terpenes, flavonoids and coumarins provide the antioxidant activity, whilst in
matico, this property is primarily due to flavonoids and phenylethanoids, but also
to the presence of verbascoside [2], [9], [10], [11]. The antioxidant capacity of
the Chilean wild strawberry, maqui and murtilla is largely attributed to
polyphenolic compounds and triterpenoids [12], [13], [14], [15], [16], [17]. In 20
species of the Berberidaceae family described in Chile, B. microphyla G. Forst

*Corresponding author email: susanaalfaro@unach.cl

shows high anthocyanin, hydroxycinnamic acid, quercetin and isorhamnetin
contents, but also the presence of the alkaloid berberine [18]. In B. darwinii
(michay), several alkaloids (particularly berberine) have also been reported in the
fruits [19].

Herbal infusions and teas are vital sources of antioxidants and can be
considered a complement to antioxidant intake in the human diet. The evaluation
of their antioxidant activity has been carried out via the ORAC method using
fluorescein and pyrogallol red as target molecules. Among six herbal teas [H.
baylahuen Remy (bailahuen), P. boldus, Mol (boldo), Matricaria chamomilla L.
(chamomile), B. globosa, Hope (matico), A. citriodora Ort (cedrén), and C.
ambrosioides L. (paico)], the highest ORAC-fluorescein value was obtained for
A. citriodora extracts (3368 + 107), and the lowest in C. ambrosoides (395 + 13).
The order of ORAC-fluorescein values was: A. citriodora > P. boldus > H.
baylahuen > B. globosa >M. chamomilla > C. ambrosoides, although when
ORAC-pyrogallol red was used, the order was: P. boldus > H. baylahuen >A.
citriodora > B. globosa >M. chamomilla > C. ambrosoides [9].

Nevertheless, previous studies provide valuable background information
regarding the main compounds responsible for antioxidant activity and other
therapeutic properties of a number of native Chilean plants and support their
utilization in traditional medicine.

2. ISOLATED POLYPHENOLIC COMPOUNDS AND ANTIOXIDANT
ACTIVITY

Polyphenols are by-products of plant secondary metabolism. The term
“phenolic compound” includes a specific group of substances with an aromatic
ring with more than one hydroxyl substituent. The structure of the natural
polyphenols varies from a simple structure of molecules (like phenolic acids), to
a highly polymerized compound (such as condensed tannins) (Table 1) [20], [21].

Flavonoids form part of a long list of compounds that are broadly distributed
in a variety of plants and vegetables, thus forming an essential component of the
human diet. Diets rich in fruits and vegetables (such as the Vegetarian and
Mediterranean diets), contain a large quantity of polyphenols, and their
consumption is considered healthy due to the inverse relationship found between
the high intake of these compounds and the low incidence of degenerative
chronic illnesses, such as cardiovascular diseases [22], [23].

Flavonoids represent the most common and most extensive group of phenolic
compounds found in plants. Their common structure is (C6-C3-C6) (Figure 2),
consisting of two bonded aromatic rings linked to three carbon atoms usually
forming a hydrogen heterocycle [20]. The structural variation inside the ring
subdivides flavonoids into several families: flavonols, flavones, flavanols,
isoflavones, anthocyanins and others. These flavonoids are commonly present as
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glycosides. Glycosylation improves their solubility in water and makes them less
reactive to free radicals. The most common sugar involved in the formation of
glycosides is glucose, although galactose, rhamnose, xylose, and arabinose are
also possible, as well as rutinose, a disaccharide [1]. Other modifications are
likely to occur in several stages, such as an alteration in the extension of
hydroxylation, methylation, isoprenylation, dimerization and glycosylation
(producing O or C glycosides). The variations of flavonoids are all related to a
common biosynthetic step, incorporating precursors via the shikimate and
acetate-mevalonate routes [24]. Indeed, phenolic compounds originate mainly
through two biosynthetic pathways: (a) the shikimic acid route that via the
synthesis of aromatic amino acids (phenylalanine, tyrosine) leads to the synthesis
of cinnamic acids and their derivatives (simple phenols, phenolic and derivative
acids, coumarins, lignanes and those derived from the phenyl propane), and (b)
the polyacetate route, from which quinones, xanthones, dihydroxytoluene, etc.,
are originated. Similarly, a number of phenolic compounds, considered active
principles in medicinal plants, originate from a combination of both the shikimate
and acetate routes. Flavonoids and terpenic compounds arise through the
combination of both mevalonate and shikimate routes (furan and
pyranocoumarins, etc) [20].

Table 1. Main types of phenolic compounds present in plants

Number of .
Carbon atoms Basic skeleton Polyphenol class Polyphenol compound
6 c6 Simple phenols Catechol, hydroquinone
Benzoquinones 2,6-Dimethoxybenzoquinone
7 C6-C1 Phenolic acid Gallic, salicylic
3-Acetyl-6-
Acetophenones
8 C6-C2 Tyrosine derivatives _rp;rtgs(;ybenzaldehyde
Phenylacetic acid p-Hydroxyphenylacetic
Hydrocinnamic acid Caffeic, ferulic
Phenylpropene Myristicin, eugenol
9 C6-C3 Coumarin Umbelliferone, aesculetin
Isocoumarin Bergenon
Chromones Eugenin
10 C6-C4 Naphthoquinones Juglone, plumbagin
13 C6-C1-Cé Xanthones Mangiferin
Stilbenes Resveratrol
14 C6-C2-Cé Anthraquinones Emodin
Flavonoids Quercetin, cyanidin
15 C6-C3-Co Isoflavonoids Genistein
Lignans Pinoresinol
18 (C6-C3)2 Neolignans Eusiderin
30 (C6-C3-C6)2 Biflavonoids Amentoflavone
Lignins
n Eggi?)n Catechol melanins
Flavolanas (condensed
(C6-C3-C6)n tanning)
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Figure 2. Basic structure of flavonoids (C6-C3-C6)
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3. Biological effects of polyphenols

Polyphenols exhibit a wide range of biological effects due to their antioxidant
properties. They inhibit in vitro oxidation of LDL and may provide protection to
oxidation, with significant consequences in the treatment of atherosclerosis [15],
[25].

Phenolic compounds act as antioxidants with mechanisms such as free radical
scavenging and chelation of metals. They have an ideal chemical structure for
trapping free radicals, and on a molar basis, show a more effective in vitro
antioxidant effect than that of vitamins C and E [23].

In contrast, due to protection against oxidative DNA damage, these compounds
might also prove crucial in the development and progression of cancers [26],
[27]. Indeed, several polyphenol types (phenolic acids, hydrolysable tannins and
flavonoids) show anticancer and antimutagenic properties. Polyphenols interfere
in several of the steps leading towards the development of malignant tumors by
inactivating carcinogens and inhibiting the expression of mutant genes.
Additionally, polyphenols can hinder the activity of enzymes involved in the
activation of procarcinogens and inhibit enzymatic systems required for the
detoxification of xenobiotics. Hence consumption of high-phenolic fruits, such
as strawberries and blackberry may help in the prevention of some types of
cancer such as colorectal cancer [22].

Wine contains compounds that appear to exhibit anticancer properties, including
gallic, caffeic and ferulic acids, as well as catechins, meletins and resveratrol
(Figure 3). Flavonoids possess antithrombotic and anti-inflammatory properties
[23]. Studies have shown that these compounds are positive for the prevention of
urinary tract illnesses by impeding the adhesion of uropathogen microorganisms
to the epithelial mucosa [28], [29], [30].

OH

HO XN

OH
Figure 3. Resveratrol (stilbene)

However, the bioavailability of food polyphenols varies depending on the type
of metabolite, and most polyphenols are largely metabolized by the gut
microorganisms before being absorbed. In addition, technological processes and
consumer habits considerably affect the bioavailability and bioactivity of the
antioxidant metabolites ingested [31]. Several studies have found that these
compounds may be affected by factors, such as plant variety, growing
environment, growing season, climate, temperature, light, soil type and other
conditions (such as processing and post-harvest storage), all of which may affect
both antioxidant content and antioxidant activity [32], [33].

A study in murtilla fruit, developed by INIA-Chile, found that the qualitative
and quantitative composition of phenolic compounds in fruits is unique to
individual species and genotypes. A canonical discriminant analysis of seasonal
differences in the Red Pearl-INIA, South Pearl-INIA and 14-4 genotypes showed
that the South Pearl-INIA variety suffers the largest variation in comparison to
the other genotypes. On the other hand, large differences in total polyphenol
content were observed between harvest years, partly due to variations in weather
conditions across the growing seasons, as well as differences in rainfall and/or
number of frosts [34].

4. Native plants as significant sources of natural antioxidants

On an ethno-cultural basis, the Mapuche medicinal flora is based on a deep,
extensive and diverse knowledge of the sources of natural antioxidants in
different varieties of local plants. In fact, it is possible to establish a classification
system of medicinal plants based on their organoleptic characteristics and
potential health benefits. Additionally, the cultural interpretations of flavor and
aroma are key features for accurately determining the active principles likely to
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be found in plants. These organoleptic characteristics usually come from
secondary metabolites in plant tissues, such as terpenoids and derivates [35],
[36], tannins or other components [37].

The use of medicinal plants is still an essential aspect of the Mapuche people,
connecting the different natural plant properties with a specific symbolic
conception of the natural world. Nowadays, however, knowledge regarding
horticultural practices of medicinal plants is significantly less. The use of native
Chilean medicinal flora is a key aspect in terms of recognizing species richness,

diversity and biogeographic origins. Among these,
(Chenopodiaceae), A.chilensis and L. apiculata (DC) Burret (Myrtaceae), were

Chenopodium  spp.
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the most significant. Given the fact that the presence of active secondary
metabolites is a crucial characteristic of medicinal plants, it is not surprising that

this feature is found in a large number of species with noteworthy
pharmacological and organoleptic properties. Similar properties have also been

Table 2. Summary of compounds with antioxidant properties found in native Chilean plants

found in other native species, such as B. globosa Hope (Buddlejaceae). In
particular, the anti-inflammatory and antioxidant uses of B. globosa have been
studied by Backhouse et al [10]. Various reports have linked the anti-diabetic
effects of plants to the presence of phenolic compounds found in the fruits
(maqui), thus establishing a correlation with their antioxidant capacity and anti-
diabesity activities (lipase and a-glucosidase inhibition) [38], [39].

Common name Scientific name Species Part used Isolated polyphenolic compounds Method used Reference
Frutilla chilena, Fragaria Fragaria chiloensis | Achenes  (real | Flavonoids Anthocyanins: Cyanidin | Spectrophotometry (DPPH), total phenols [40]
frutilla patagénica chiloensis, ssp. chiloensis fruit) and | derivatives. Pelargonidin derivatives | by Folin-Ciocalteau, total anthocyanins by
Fragaria thalamus and Petunidin or malvidin derivatives | differential method of pH
patagénica (receptacle) HPLC
Frutilla chilena, Fragaria Fragaria chiloensis | Fruits Proanthocyanidins, hydrolysable | HPLC-DAD [41]
frutilla patag6nica chiloensis, ssp. chiloensis tannins, HPLC-ESI-MS
Fragaria flavonol glycosides: quercetin 3-O-
patagénica glucuronide; anthocyanins: cyanidin-
malonyl-glucoside and pelargonidin-
malonyl-
glucoside
Bailahuén Haplopappus Haplopappus ssp Leaves Terpenes, flavonoids, cumarins | Lipid  Peroxidation in  erythrocyte [2]
bailahuen (prenyletin), monoterpene (taedol), | membrane, DPPH [42]
H. remyanis diterpenoids ORAC [43]
H. taeda 'H-,**C-NMR and mass spectrometry [44], [45]
Boldo Peumus boldus Peumus boldus Leaves Flavonoids: catechine, epicatechine, | TBARS [2]
Mol. gallic acid, tamic acid, tannins, alkaloid | O» Uptake [8]
aporphines: boldine [46]
Essential oils: Ascaridol, cineol [47] [48]
[49]
[50]
[51]
Boldo Peumus boldus Peumus boldus Fruit catechin, epicatechine HPLC-DAD, HPLC-MS / MS [52]
Mol. [53]
Maqui Aristotelia Aristotelia Fruit Anthocyanins (delphinidin, cyanidin, | HPLC—coupled PAD and MAS [54] [55]
chilensis chilensis (Mol.) delphinidin-3-3-sambubiosido-5- HPTLC [56] [57]
Stuntz glucoside [58] [59],
[4], [58]
[60]
Murtilla Ugni molinae Ugni molinae Leaves Flavonols, flavanols myricetin and | DPPH [61]
Turcz Turcz quercetin glycosides TBARS [62]
Epicatechines HPLC-MS [16]
gallic acid [63]
Murtilla Ugni molinae Ugni molinae Fruits Flavonols  glycosides:  Myricetin | HPLC-DAD-MS [64]
Turcz Turcz glucoside, quercetin glucoside, | HPLC UV-vis [65]
quercetin glucuronide and quercetin | DPPH assay [62]
dirhamnoside TEAC assay [34], [66]
ITC (Folin Ciocalteu) [67]
Murtilla Ugni molinae Ugni molinae Leaves Flavonoid glycosides of quercetine, | Chromatographic method (TLC, HPLC) [12]
Turcz Turcz myricetin and kaempferol by NMR. [68]
Triterpenoids  (asiatic,  corosolic, | Acute pain models in mice (writhing test,
alphitolic, botulinic, oleanolic and | tail flick assay and tail formalin test )
ursolic acid)
Murtilla Ugni molinae Ugni molinae Leaves Phenols, flavonoids and tannins Scanning electron microscope (SEM) [69]
Turcz Turcz (catechin, epicatechine, myricetin) studies of human erythrocytes.
Fluorescence measurement of isolated
human erythrocytes membranes (IUM)
and DMPC of large unilamellar vesicles
(LUV)
Matico Buddleja globosa | Buddlejaceae Leaves Pentacyclic triterpenoids (B and o | Chromatographic methods (TLC, HPLC- [70]
amyrin) sterols, P sitosterol glucoside, | DAD, GS-MS) y *H y *C NMR. [71]
ergosterol, stigmasterol) | DPPH ICso [72]
phenylethanoids, flavonols, | % XO inh. [73]
verbascoside, luteolin glucoside % SO inh. [74]
% L Perox inh.
Acute pain models in mice (writhing test,
tail flick assay and tail formalin test;
wound-healing bioassays
Calafate B. microphylla G. | Berberidaceae Fruits Hydroxycinnamic acid HPLC-DAD-ESI-MS/ MS and HPLC with [75]
Michay Forst Seeds Anthocyanins fluorescence detection [76]
B. darwinii Roots Flavonols UV-vis NMR spectroscopies [18]
B. empetrifolia Stems Flavan 3-ols TEAC assay [77]
B. ilicifolia Leaves Alkaloids Folin Ciocalteu (IFC) [78]
B. montana [79]
[80]
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4.1. Peumus boldus Mol. (boldo)

P. boldus leaves (boldo) are traditionally used in folk medicine and are now
widely recognized as a herbal medicine in many pharmacopoeias. P. boldus is an
abundant native tree from south-central Chile, although it can be found from Fray
Jorge, 1V Region (Coquimbo) in the north, to the X Region (Los Lagos) in the
south, where it grows mainly in the lower sunny slopes of both the Andes and
the Coastal Mountain ranges, but also in the Central Valley [3], [81]. Its leaves
are rich in various kinds of aporphine alkaloids. They contain between 0.4 and
0.5% of more than 17 different alkaloids found in the large family of
benzylisoquinoline derivatives. Among the alkaloids, boldine (2,9-dihydroxy-
1,10-dimethoxyaporphine) (Figure 4) is one of the most abundant in P. boldus
leaves representing between 12 to 19% of the total content of these compounds
[82]. Based on mechanisms linking structure with the capacity to react with free
radicals, boldine is considered one of the most potent natural antioxidants [1],
(8], [83], [84].

MeO

HO Me

MeO

OH
Figure 4. Boldine structure

P. boldus leaves also contain 1.2% tannins, 2-3% essential oils (up to 45%
ascaridol and 30% cineole and at least 22 other identified constituents, mostly
terpenoids) [3], and flavonoids, including catechin and rutin [85]. This latter
component has recently been reported in P. boldus fruits, as being among the
most abundant [52]. The content of catechins, gallic acid and tannic acid is higher
than that of boldine. These compounds appear to make the greatest contribution
towards the total antioxidant activity of P. boldus infusions [8]. In this context,
infusions of this plant species act as a protector against the oxidative damage
caused by cisplatin in the liver tissue due to the presence of boldine, suggesting
the potential use of the infusion as a chemoprotector [51].

The phenolic hydroxyl groups of boldine contribute to its antioxidant nature.
Low boldine concentrations (ICs, = 5 x 10°to 15 x 10°® M) have a demonstrated
protective effect on the plasmatic membrane of erythrocytes against the
increment of reactive species induced by AAPH (2,2’-Azobis[2-
amidinopropane]), which generates alkylperoxyl radicals by thermal
decomposition. In such systems, the antioxidant capacity of boldine (Ki = 13 uM)
was significant and similar to that reported for the widely used bioflavonoid (+)-
cyanidanol-3. The effective inhibition of spontaneous auto-oxidation has also
been proven in brain membrane lipids [carried out by the production of reactive
substances of thiobarbituric acid (TBARS), O, uptake and chemiluminescence],
with an apparent K;of 19 - 30 uM. Studies on the mechanisms involved in the
antioxidant action of boldine indicate that this alkaloid acts as an efficient
scavenger of HO-. In addition, a significant correlation between activity and the
protective effect in models of induced oxidative stress damage has been observed
[8]. In fish oil, boldine showed a similar activity to that of quercetin and two to
three times greater activity than a-tocopherol, BHA or BHT [86]. Most of these
biological effects are attributable to their strong free radical scavenging ability
[82], [87].

However, other studies indicate that boldine may not be the only agent
responsible for antioxidant activity in P. boldus extracts. Simirgiotis and
Schmeda-Hirschmann [6] suggest that their strong free-radical activity is mainly
due to polyphenol compounds such as catechin and flavonoids rather than
boldine, due to their relative concentrations in P. boldus extracts [88]. Also,
boldine has recently been shown to harbor UV light-filtering properties and to
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display a photoprotector effect against UV-B [89]. It also has promising
protective effects against cisplatin nephrotoxicity by improving oxidative stress,
inflammation, histopathological alterations and by alleviating caspase 3
expression [47].

Extracts of P. boldus leaves contain a wide range of phytochemicals such as
essential oils, isoprenoids, flavonoids, various alkaloids and other compounds
[90]. The most favorable extraction conditions for obtaining maximum boldine
yields in the first step were determined at 70°C for 6 h using stem tissues. The
values of total phenolic content (hydrolysable polyphenols and condensed
polyphenols) in the extracts with maximum boldine concentrations were
obtained at 6 and 24 h [88]. In accordance with this study, the maximum boldine
yield was found in stem tissue extracts while the maximum polyphenolic content
was obtained from leaf extracts. The maximum content of boldine was also
observed in extracts from the longest extraction period (24 h) and the maximum
phenolic content was observed in extracts from the shortest extraction period (6
h). Therefore, these results suggest that the antioxidant activity of P. boldus is
more related to that of other compounds such as the polyphenols, instead of
boldine. Most of the total polyphenolic content was in the form of polyphenols
from the condensed group, such as catechin and flavonoids, which were reported
in P. boldus extracts by Simirgiotis and Schmeda-Hirschmann [6]. However, the
defensive capability of P. boldus extracts could be due to the existence of natural
antioxidants and anti-inflammatory constituents, such as gallic acid, ellagic acid,
querectin, daidzein, ferulic acid and rutin [84].

4.2. Haplopappus baylahuen Remy (bailahuén)

The natural habitat of this species (H. baylahuen Remy) is limited to the
Chilean mountain areas between latitudes 26 and 28°S. Nonetheless, in other
regions of Chile, other endemic Haplopappus species, such as H. multifolius Phil.
(32-34°S), H. remyanus Reiche (29-32°S) and H. taeda Wedd (34-35°S) can also
be found, sold and/or exported. The flavonoid and coumarin contents of these
four species have been established, and most compounds in H. baylahuen are
terpenes, flavonoids and coumarins such as prenyletin [2], [43], [91].

The antioxidant evaluations of aqueous extracts of H. baylahuen show that
they have similar concentrations of catechins and are three times more potent
than aqueous extracts of P. boldus (boldo) in the inhibition of lipid peroxidation.
The other Haplopappus species studied showed significantly higher antioxidant
properties, similar to those found in H. baylahuen, with differences in chemical
composition, including a prevalence of flavonoids in H. taeda, coumarins in H.
multifolius, and both substances in H. remyanus and H. baylahuen. The total
phenol content (expressed as mg Gallic acid equivalent/L) in herbal infusions
was highest in P. boldus (376+4) compared to > H. baylahuen (245+11) >
Buddleja globosa (165+5), all of which are lower total phenol content than that
found in black tea samples (677+16). The same order was observed in the three
native Chilean species when using the ORAC methodology [9].

Studies on the relationship between antioxidant efficiency and
hepatoprotective effects confirm the effectiveness of popular applications of H.
multifolius and H. taeda in Chile. The antioxidant efficiency of H. remyanus
(such as bailahuen) has been described to be five times that of H. baylahuen,
mainly due to the higher content of polyphenolic compounds [2]. Differences in
the main constituents of infusion and methanolic extracts of the various
Haplopappus species commercialized as “bailahuen” tea in Chile have been
found in a study by Schmeda-Hirschmann et al [91] using HPLC-DAD-ESI-MS.
This method was developed for the fast identification and differentiation of
Haplopappus spp. used as a tea source, based on the phenolics found in tea and
methanol extracts. Twenty-seven phenolics were tentatively identified in the
infusions and methanol extracts, including 10 caffeoyl quinic and feruloyl quinic
acid derivatives and 17 flavonoids [92].

The antioxidant effect of the extracts was determined by the DPPH assay,
indicating that H. multifolius and H. taeda are the best source of free radical
scavengers. This trend is in agreement with the total phenolic and flavonoid
content of the samples [91].

In contrast, Torres et al., (2004) reported two new coumarins isolated from the
resinous leaf exudates of H. multifolius (Figure 5), and designated the structures
as 6-hydroxy-7-(5’-hydroxy-3°,7’-dimethylocta-2’,6°-dien)-oxycoumarin (1),
and 6-hydroxy-7-(7’-hydroxy-3’,7’-dimethylocta-2’,5’-dien)-oxycoumarin (2).
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Figure 5. Structure of coumarins 1y 2 of H. multifolius leaves
Faini et al [44], reported two new phenolic esters from H. taeda resinous

exudate from aerial parts; 9-trans-p-coumaroyloxy-a-terpineol (1), and 7-trans-
p-coumaroyloxy-taedol (2), both endowed with free radical scavenging activity

(Figure 6).
OH
OY\Q/

OH
0 x
OH

1 (0] 2 O

Figure 6. Phenolic esters 1 and 2, isolated from the resinous exudates of H.
taeda.

In other studies, Faini et al [45] reported that the terpenoid-rich H. baylahuen,
showed the lowest antioxidant activity, whilst the higher activities of extracts
from other Haplopappus species could be attributed to the presence of coumarins
(H. multifolius) and flavonoids (H. taeda and H. remyanus). The authors isolated
three dihydroflavones, two labdanoic acids and six monoterpene esters. H.
remyanus produces 7-O-methyl-flavonoids and characteristic 9-hydroxy a-
terpineol esters, thus differentiating it from other “bailahuen” species that
accumulate coumarins and/or diterpenoids. The presence of flavonones in H.
remyanus had previously been reported by Zdero at al [93]. Variations in
chemical composition and bioactivity within individuals of the same species are
not uncommon, as the production of secondary metabolites in plants is closely
associated to the predominant environmental conditions of the habitat [66], [94].

Results of H. remyanus anti-inflammatory, antioxidant and cytotoxic extract
bioassays show moderate -but relevant- activities due mainly to the presence of
flavonoids [45]. Hydroxycinnamic acid derivatives and flavonoids could explain
the reputed nutraceutical and health beneficial properties of this herbal tea [91].

4.3. Buddleja globosa Hope (Matico)

This Chilean species is distributed in hills and gulches, alongside roads and
heaths, between Santiago and Chiloé, although scarce in the central region and
more frequent in the south of the country. It is a bush of 2.5 to 3 m in height,
composed of simple opposite leaves, 10 to 15 cm long, oval-lanceolate in shape,
rough and porous in surface and covered with abundant filaments that give it a
greyish aspect. Leaves and flowers are utilized in popular medicine for the
treatment of wounds, ulcers and intestinal affections. The leaves are also used for
dyeing textiles brown [81].

A mixture of known triterpenes and steroids have been isolated and identified
from the active fractions of B. globosa. Recent studies describe triterpenes,
diterpenes, phenylethanoids and flavonoids as the main constituents [70], [95],
[96]. Therapeutic analgesic and anti-inflammatory healing effects have been
reported in hydro alcoholic extracts of shoots and in dichloromethane extracts of
roots [10]. The antinociceptive effects of a mixture of o and [ -amyrin have
recently been demonstrated in several in vivo models. A mixture of amyrin (43,
7%), L1-amyrin (24, 9%) and bauerenol (31, 4%) showed a higher analgesic effect
(51%) than the anti-inflammatory activity (20%) [11]. A total of 17 compounds
were identified in B. globosa extracts, spanning 13 phenylpropanoids and 4
flavonoid glycosides. To the best of our knowledge, caffeoylglucoside isomers,
caffeoylshikimic acid, B-hydroxy-verbascoside, P-hydroxyisoverbascoside,
quercetin-3-O-glucoside, campneoside |, forsythoside B, lipedoside A,

J. Chil. Chem. Soc., 69, N°2 (2024)

forsythoside A, eukovoside and martynoside were identified for the first time
using liquid chromatography coupled with IT and TOF [70].

The effect of a similar mixture of a and B—amyrin has been related to a
stabilizing action on mast cell membranes involved in the inflammation process.
A dose-dependent topical anti-inflammatory effect of stigmasterol and
B—sistorerol in TPA models was accompanied by lower myeloperoxidase
activity. A marked influence on the inhibition of neutrophil migration into
inflamed tissue has also been described [73].

The anti-inflammatory, analgesic and antioxidant activities are related to the
verbascoside and luteolin 7-O-glucoside contents. Luteolin glucosides exhibit a
moderate inhibitory activity on both thromboxane and leukotriene synthesis and
harbor anti-inflammatory and antioxidant activities [72]. The protective effect of
verbascoside against plasma lipid peroxidation has been demonstrated. The high
redox potentials of verbascoside protect cells against glucose oxidase-mediated
cytotoxity and apoptosis. A preventive potential may be attributed to the
treatment of oxidative stress-mediated illnesses. Verbascoside showed inhibitory
effects of histamine, bradykinin-induced contractions and oral anti-inflammatory
activity [10], [72], [97].

According to Houghton et al [98], extracts have been shown to have anti-
inflammatory and antioxidant properties due to the presence of flavonoids,
triterpenoids, diterpenoids and caffeic acids derivates. The extracts had
polyvalent activity in the potential for healing wounds. B. globosa leaf extracts
induced differentiation in keratinocytes and altered protein profiles produced by
cultured fibroblasts. The extracts have a number of effects on lattice contraction.
Recent experiments showed that under extremely low concentrations, the
extracts reduced hemolysis induced by HCIO (hypochlorous acid). Results
demonstrated that low B. globosa aqueous extract concentrations neutralized the
harmful effects of HCIO. The phenolic acids and flavonols present in the extract
are the only compounds responsible for such protective effects, as they directly
interact with reactive oxygen species [99]. Other results suggest that the most
abundant constituent in B. globosa is catechin [71].

In others studies, Letelier et al [100] compared the redox reactivity of free
oxygen radicals and DPPH radicals of phospholipids and protein thiol groups
present in rat liver microsomes. Cu?*/ascorbate was used as a generator system
of free oxygen radicals, with extracts of B. globosa leaves used as an antioxidant.
Cu?/ascorbate provoked microsomal lipid peroxidation, microsomal thiol
oxidations and oxygen consumption; all of these phenomena were inhibited by
B. globosa extracts. These herbal extracts prevented the free oxygen radical
modifications of biomolecules by similar mechanisms as those used in vivo, i.e.
polyphenols, acting as hydrogen donors to neutralize free oxygen radicals,
though not preventing nor reversing the reduction of the microsomal thiol content
provoked by DPPH radicals. Studies carried out on standardized dry extracts
from Rosmarinus officinalis, B. globosa Hope, Cynara scolymus L., Echinacea
purpurea and Hedera helix were tested to evaluate their capacity to decrease
drug-induced oxidative stress. Results showed that previously-evaluated
antioxidant phytodrugs proved efficient in alleviating the adverse effects of drugs
associated with oxidative stress [71], [101]. In more recent studies, the main
polyphenols present in plant extracts of B. globosa, such as verbascoside and/or
luteolin in aqueous solutions of silver nitrate, induce the reduction of Ag? ions
into Ag’, proving to be an efficient bioproduct to synthesize Silver nanoparticles
(AgNPs) with spherical shapes [102], and in the synthesis of Zinc oxide
nanoparticles (ZnONPs) [103].

4.4. Fragaria chiloensis ssp. chiloensis (Chilean wild strawberry)

The cultivated strawberry (Fragaria ananassa Duch. ex Rozier) originated
from an accidental cross between white-fruited Chilean strawberry [F. chiloensis
(L.) Mill. subsp. chiloensis f. chiloensis] and the meadow strawberry (F.
virginiana Mill. subsp. virginiana) in the Royal Botanical Garden in France
[104], [105]. F.virginiana is a native octoploid (2n = 8x = 56) species distributed
throughout much of North America. In Chile, the native people of the Biobio
region (the Picunche to the north of the Biobio river, and the Mapuche, to the
south), have cultivated strawberries for over 1000 years [106]. In botanical terms,
F. chiloensis ssp. chiloensis is a perennial herb, with strong and well-developed
runners and trifoliate leaves with unique or few flowers, which can be dioic or
hermaphrodite. The berry is an aggregate fruit, which develops from a flower
that contains several ovaries.
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The main studies on this fruit have been focused on the comparison of the
phenolic content in achenes (true fruit) and thalamus (receptacle) utilizing the
native South American species; F. chiloensis ssp chiloensis (F. Patagonica and
F. Chiloensis) (with red and white fruits, respectively), F. vesca and F. x
ananassa (cv. Chandler). The free antiradical effect has been assessed in relation
to the phenolic content of these species [107], [108], [109]. In fruit extracts, 38
volatiles and 27 phenolic compounds were identified, detecting differences
among the samples, which were also influenced by climatic conditions and
location [110]. The total polyphenol, flavonoid and anthocyanin contents in
achenes and thalamus were determined by spectrophotometric methods and
compared to those of other species such as F. vesca and F. ananassa cv.
Chandler. The highest polyphenol content was observed in F. vesca while the
lowest was found in white strawberry (F. chiloensis ssp. chiloensis, F.
chiloensis). Total anthocyanins and polyphenol contents were low in white
strawberry and high in F. x ananassa cv. Chandler. Total flavonoid content
showed a consistent correlation with total anthocyanins in all species, with the
free radical scavenging effects of the extracts measured by the DPPH assay.
Phenolic compound content differed significantly between species and sub
species, and is an indication of the free antioxidant activity of the fruits [110].
The highest total anthocyanin levels were observed in the achenes of F.
chiloensis and F. vesca, while the highest anthocyanin contents (95%) occurred
in the thalamus of F ananassa, consisting mainly of derivative pelargonidin. This
anthocyanin was also present in F. chiloensis ssp. chiloensis F. patagonica
(62,2%) but was not detected in F. vesca and F. chiloensis ssp. chiloensis.
Cyanidin derivatives were present in both thalamus and achenes of F. vesca and
F. chiloensis ssp. chiloensis F. chiloensis [40], [107], [109].

Another study examined the main antioxidants from methanolic extracts of F.
chiloensis ssp. chiloensis F. chiloensis (white fruits), F chiloensis ssp chiloensis
F. Patagonica (red fruits) and the commercial strawberry F. x ananassa Duch
cv. Chandler. Extract fractionation was carried out by means of the DPPH
bleaching assay for isolating the dominant polyphenolic compounds present in
the extracts of the berries. Phenolic compounds were compared in the three
samples using both HPLC-DAD and HPLC-ESI-MS methods. All methanol
extracts possessed DPPH scavenging activity and those from the red fruits of F.
x ananassa cv. Chandler showed the highest activity (60.16 pg/ml) followed by
the native red strawberry (72.32 pg/ml) and the native white strawberry (86.16
pg/ml). Furthermore, ICs, values for extracts of F. chiloensis cultivated at two
different sites in Indonesia were found to be 152.9 pg/ml in the Alahan Panjang
area and 232.6 pg/ml in Padang Panjang [107]. Four antioxidant compounds
were isolated by Column Chromatography and High Speed Centrifugal
Countercurrent Chromatography (HSCCC) from the methanolic fruit extracts of
F. chiloensis ssp. chiloensis using DPPH radical scavenging as a guiding assay
for selective fractionation. Although the high polarity and complexity made the
isolation of the active components in the fractionation of the crude extract
difficult, the use of optimized HPLC conditions coupled to diode array and mass
detection favored the detection of several unreported constituents for both forms
of F. chiloensis and proved that the white fruits of F. chiloensis were rich in
phenolic antioxidants. Furthermore, the quantification of anthocyanins, ellagic
acid and flavonols showed that there was significant variation in the phenolic
antioxidant content in the methanol extract from the fruit of both F. chiloensis
and F. ananassa cv Chandler. The differences found in the profiles and in
anthocyanin and ellagic acid contents could underlie the variations in free radical
scavenging activity of the fruits, and could also be used for chemically
differentiating the commercial and the Chilean white strawberry [97], [108],
[110], [111].

The relatively high antioxidant capacity, phytochemical composition and
biological activity potential of these aromatic fruits mean that the Chilean white
strawberry is a promising resource as a functional food and as a source of
compounds with several applications in the pharmaceutical, biotechnological,
and food science industries [97], [110]. Indeed, the Chilean strawberry has
several known preventive and therapeutic health benefits [112]. The antioxidant
content in strawberries contributes to lessening the risk of cardiovascular
incidence by inhibition of LDL-cholesterol oxidation or improving vascular
endothelial function. Recent studies also show a reduction in the incidence of
thrombosis [14], [109]. The extracts of these fruits have crucial inhibitory-like
features in the inflammatory response of the interaction between adipocytes and
macrophages, acting as a potential therapeutic tool against comorbidities
associated with obesity development [113]. F. chiloensis is a rich source of
phenolic compounds and aromatic volatiles, offering a prospective alternative for
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the management of postprandial hyperglycemia [110]. One study showed that
antioxidant activity decreases during the gastrointestinal process, constituting a
first approach towards understanding the effects induced by gastrointestinal
digestion on the bioactivity and polyphenolic profile of this native fruit [114].

4.5. Aristotelia chilensis (Mol) Stuntz (Maqui)

Aristothelia chilensis (Mol) Stuntz (Chilean maqui) is found in both the
Central Valley and the Andes mountain range, between latitudes 31° and 40°
(Illapel and Chiloé, respectively), although it can also be found in Juan Fernandez
island. A. chilensis grows preferably in humid areas where the soil is under
permanent vegetational cover, but also on hillsides at forest margins. The fruit
consists of a black, shiny berry that is 5 mm in diameter, with a sweet edible
pulp. The juice of A. chilensis is rich in coloring agents commonly used for
dyeing and staining natural materials, and for improving the color of red wines
[81].

Traditional Chilean medicine attributes multiple healing properties to A.
chilensis, with its high antioxidant potential the main benefit to human health
[15], [115], [116], [117]. Other potential advantages include anti-atherogenic
activities [15], prevention of visual problems [12], [118], [119], and anti-tumoral
activity on a number of human leukemia and human colon carcinomas [26], [56],
[120]. Several properties of A. chilensis have had an impact on industrial
applications, such as food packaging [121]. The qualitative and quantitative
analysis of A. chilensis leaf extracts by HPLC-DAD-ESI-MS showed the
presence of different polyphenolic compounds classified into galloyl and
caffeoyl quinic acids, ellagitannins and ellagic acid- and flavonoid-derivatives
[122].

In addition, six alkaloids, indol and quinolines [123], [124] were described.
The authors found a high polyphenolic compound content and antioxidant
capacity, which protect LDLs from oxidation and endothelial cells from
intracellular oxidative stress. The phenolic compound content in A. chilensis was
compared with different commercial varieties of berries. Red wine was also
included as it is a known source rich in dietary phenols. The TRAP value is a
measurement that indicates free radical amounts trapped by the sample and
therefore determines the presence of total antioxidants, thus correlating with total
polyphenolic compound contents. TAR values indicate the capacity of the
sample to decrease the stable state of the free radical concentration and are
therefore considered both an accurate antioxidant quality index and an improved
correlation measure between TAR and total polyphenol content [15].

In another study, it was observed that the drying process affects the content of
bioactive compounds and antioxidant activity. The levels of total phenolics were
found to be highest at 60 °C, while that of total flavonoids, at 70 °C [125].

The increment in retardation time of LDL oxidation is proportional to the
capacity of the antioxidants to recycle the antioxidants of endogenous LDL
extension. Therefore, it is a measure of the antioxidant capacity of a particular
compound. It was found that the retardation time was longer with the addition of
A. chilensis juice than with either commercial strawberry or blackberry juice.
Similar protection was observed in aqueous, neutral and acid fractions, indicating
a reduced improvement on the protection of intracellular oxidative stress with
other phenolic compounds that are less abundant in berries [126], [127], [128].

A. chilensis has substantial levels of phenolic compounds with high antioxidant
capacity which protect both LDLs from oxidation and endothelial cells from
intracellular oxidative stress, suggesting the presence of antiatherogenic and
cardioprotective properties in extracts of this native species [55], [59], [129],
[130].

The development of techniques such as HPLC coupled to PAD and MS
detection, has led to rapid advances in the identification of anthocyanin
composition in many plants [131], [132]. However, the anthocyanin composition
of A. chilensis has been scarcely studied, although a number of delphinidine,
cyanidin, malvidin and petunidin mono and di-glycosides have been identified
by means of TLC and spectrophotometric characteristics. Maximum peaks
obtained within the visible region via modern HPLC DAD-MS techniques
resulted in values of 526 and 516 nm for delphinidin-3-glucoside and cyanidin-
3-glucoside, respectively, in comparison with standard anthocyanins. This was
confirmed by UV-sense and MS characterization.
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The nature of the sugar substituent (glucose) was confirmed by HPTLC
following the isolation of compounds and acid hydrolysis [56], [60], [133], [134].
The identified pigments corresponded to delphinidin 3-diglycoside, delphinidin
3,5-diglycoside, delphinidin 3-sambubiosides and cyanidin 3-sambubiosides-5-
glucoside. The main anthocyanin was delphinidin 3-sambubiosido-5-glucoside
(34% of total anthocyanin content). Total anthocyanin content was 137.6 mg/100
g of fresh fruit (211.9 mg/100 g of dry fruit). The relatively high anthocyanin
content and the presence of polar poliglycosylated derivatives position the fruit
of A. chilensis as an interesting source of anthocyanin extracts for pharmaceutical
and nutritional uses [56]. In other chemical composition studies of A. chilensis
extracts, hydrophilic compounds, such as organic acids (ferulic and gallic acid),
glycoside flavonoids (anthocyanidin glucosides), and hydrophobic compounds
(flavonoid aglycones, such as catechins and anthocyanidins) were reported as
active components from different origins [80]. Hydroxycinnamic acids were also
present, although not in significant concentrations [135]. High polyphenol
contents in different forms of delphinidin and cyanidin glycosides and di-
glycoside were recently found in this edible fruit [38], [136].

Crude extracts of leaves and fruits of A. chilensis were found to be a significant
source of polyphenolic compounds. Polyphenols from leaves were active as
antioxidants and antihemolytic compounds, thus showing a noncompetitive
inhibiting effect on o-glucosidase. Flavan-3-ol polymers and glycosylated
flavonols, such as quercetin glucoside and kaempferol glucoside, were identified
in extracts. This feature is key as it means that polyphenol-enriched extracts from
A. chilensis are suitable as both nutritional and medicinal supplements with
potential human health benefits [39], [137]. The conditions for antioxidant
extraction are crucial for the optimizing the amounts obtained from A. chilensis.
Recently, using a second-order polynomial model, aqueous acetone resulted to
be the most effective solvent for the extraction of antioxidants from maqui berry
for maximizing the ORAC value, whilst the efficiency of methanol and ethanol
extracts was independent of the extraction time [138].

In spite of the demonstrated potential of A. chilensis as a functional ingredient,
the benefits of its extract, such as the stability and variations on the polyphenol
profile, and the effect of gastrointestinal digestion, remain to be fully explored.
Nevertheless, recent studies have determined that all polyphenolic compounds
show a decrease in concentration during in vitro gastrointestinal digestion.
Additionally, anthocyanin contents decreased dramatically suggesting that
although a large amount of polyphenols are lost during the process of digestion,
they still have a high antioxidant activity [139].

The broad chemical profile of A. chilensis (flavonoids, anthocyanins, and
phenolic acids) is directly related to its high biological potential. Our current
knowledge about the antioxidant, anti-inflammatory, and hypoglycemic effects
of A. chilensis suggests that a diet including A. chilensis could aid in the
prevention of cardiovascular diseases. The influences of this species have been
mainly attributed to inhibiting lipid peroxidation, decreasing cholesterol and
blood glucose levels, and lowering oxidative stress [55]. A recent study of the
interaction between sex and sweetener can give us even more insight into the
differential processing in the metabolism of flavanones and anthocyanins;
indeed, the interaction of several compounds differs according to sex, which
could lead to new studies related to hormone or physiological regulation [140].
A. chilensis leaf powders could be a potential substitute for synthetic antioxidants
for the production of functional, clean-label beef patties with an extended shelf
life, and the effect of leaf polyphenols on the growth of pathogenic and spoilage
microorganisms in meat products means they are recommended [58].
Crisostomo-Ayala et al [122] suggest that A. chilensis leaves could be an
excellent source of antioxidants and lipophilic compounds for many industries,
such as the nutraceutical and pharmaceutical industries.

4.6. Ugni molinae Turcz (Murtilla)

Ugni molinae Turcz (murtilla, murta or, ufii in mapudungun) is a native berry
that is well-known for its antioxidant content [61]. This Chilean endemic wild
bush is found in clear lands and forest margins in both the Coastal mountain
range and in parts of the pre-Andean mountains, from Talca to the Palena river
extending also towards the central valley [141]. However, it has also been
reported in the island of Juan Fernandez. U. molinae was first identified and
classified in 1844 and was originally named Myrtus ugni. In spite of this, little
scientific literature can be found to date, with respect to the identification and
characterization of the compounds it contains. Native Chileans have transmitted
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and used the extracts from this species for health and cosmetic reasons for
centuries. Alcoholic beverages and infusions have been made from their leaves
mainly for reducing urinal tract pain, although aromatic, astringent, and stimulant
properties have also been recorded for circulation dysfunctions [142]. As such,
large numbers of balms and ointments from murta leaf extracts have appeared on
the Chilean market during the last decade. The antioxidant and skin revitalizing
properties of murta extracts have oxidative effects that prevent premature aging
[12]. In this context, recent scientific studies report that this is partly due to the
presence of multiple phenolic compounds with the ability to scavenge free
radicals [62], [64]. The chemical composition of polyphenolic compounds such
as flavonoids, coumarins, tannins and phenolic acids (gallic acid and catechin)
has been determined in leaf extracts obtained with ethyl acetate and methanol, as
well as saponins and sterols. Flavonols, myricetin, kaempferol and quercetin (as
the main heterosides) were identified in a characterization study of U. molinae
leaf extracts obtained at INIA-Carillanca Research Station, Chile (Figure 7).
Epicatechin was present in alcoholic extracts and gallic acid derivatives were
detected in water [13], [16].
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Figure 7. Chemical structure of flavonol glycosides detected in U. molinae
Turcz leaves and fruits

An upward trend in polymerization was observed by the presence of polymeric
complex compounds, which are interlinked in the form of sugars, proteins, etc.
On the other hand, the differences in both phenolic composition and antioxidant
efficiency in the alcoholic and aqueous extracts were lowered by the presence of
these polymeric complex compounds. Antioxidant efficiency was assessed by
two different methods. First, the capacity of the phenolic compounds to scavenge
free radicals was expressed as a function of the percentage inhibition of either
DPPH or EC50 (effective concentration 50). Second, due to differences in test
results, the antioxidant power was also determined by TBARS. Results for the
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different extractions indicate the highest content of phenolic compounds in the
methanol extract (44%) followed by the ethanol extract (40%) and finally by
water (34%). Increasing temperature favored the extraction process, although not
indefinitely, given the decreased stability of the phenolic compounds and the
denaturation of membranes at temperatures above 50 °C [16].

High DPPH inhibition percentage values were found in the methanol extract.
Temperature is a factor that is inversely proportional to the inhibition percentage
with longer extraction times. The lowest antioxidant efficiency values were
obtained in the aqueous extract. EC50 showed an opposite trend compared to
that of DPPH, due to the effectiveness of polar antioxidants in lipidic systems.
Auvello et al [143] explain this process on the basis of the protective effect exerted
by the air-lipid interface created between the lipidic system and the hydrophilic
extract against air-contact oxidation. By contrast, the authors observed that in the
absence of this protection, the oxidation process was more active.

The analysis with HPLC-MS shows that the differences in the extracted
phenolic compounds (by means of different solvents), are mainly due to both the
phenolic composition and the degree of polymerization [16].

Pharmacological studies carried out on U. molinae leaf extracts confirm the
antioxidant capacity of the fractions rich in polyphenolic compounds. Also,
extracts produce antinociception in chemical and thermal pain models through a
mechanism partially linked to either lipooxygenase and/or ciclooxygenase, via
the arachidonic acid (AA) cascade and/or opioid receptors. Flavonoids,
glycosides and triterpenoids have been isolated from the plant [12], [13], [144].

The antinociceptive activity of U. molinae extracts may be due to the presence
of myricetin, quercetin and kaempferol glycosides. The anti-inflammatory
activity is mainly caused by the presence of several pentacyclic triterpene acids,
including the 2-a-hydroxyl derivatives alphitolic, asiatic, and corosolic acids
(Figure 8). Betulinic, oleanolic and ursolic acids might be responsible for
analgesic activities, as ursolic acid is a selective inhibitor of ciclooxygenase-2,
and oleanolic acids may be involved in an opioid mechanism, and possibly, a
modulatory influence on vanilloid receptors [68].

The preparation of U. molinae leaf extracts using solvents of increasing
polarity facilitated the chemical bioguide study, allowing for the selective
extraction of metabolites. Topical anti-inflammatory effects through the
inhibition of enzymes involved in the synthesis of prostaglandins and
leukotrienes, were also confirmed. This effect was attributed to a reduction in
macrophage and complement activities, although it might also be due to the
inhibition of the oxidative process. The pentacyclic triterpenes, betulinic, a
mixture of olean and ursolic, alphitolic, corosolic, and asiatic acids, were isolated
and identified from the extracts. The strong topical anti-inflammatory activities
of U. molinae leaf extracts are consistent with the use of this plant material as a
component in dermatological preparations. The anti-inflammatory activities are
mainly caused by the presence of several pentacyclic triterpenes acids, including
2-o-hydroxyl derivatives alphitolic, asiatic and corosolic acids. The effects of
alphitolic and asiatic acids on TPA-induced inflammation, and of corosolic acid
on inflammation promoted by AA, have been reported [12]. Goity et al [145]
isolated and identified asiatic, alphitolic, corosolic, betulinic, and a mixture of
ursolic and oleanolic acids. The authors reported the presence of two
triterpenoids not yet identified to date for this species: madecassic and maslinic
acids. The results, showed that 2a-hydroxy pentacyclic triterpene acids
(alphitolic, asiatic, corosolic, madecassic and maslinic acids), are more potent
than indomethacin as anti-inflammatory agents, again reinforcing the fact that
native plant species harbor vital potential in the pharmaceutical field due to their
multiple, beneficial effects for human health [146].
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Figure 8. Alphitolic acid 1; corosolic acid 2 and asiatic acid 3.

The potential uses of U. molinae extract as an antimicrobial agent are
supported by the presence of polyphenols, as a reduced number of these
compounds have antimicrobial activity against a broad spectrum of
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microorganisms. Extracts from both fruits and leaves showed antimicrobial
activity against Staphylococcus aureus. In addition, leaf extracts were efficient
against Klebsiella pneumoniae and Pseudomona aeruginosa. Ethanol extracts
exhibited either no antimicrobial activity or an activity that was significantly
lower compared to an aqueous extract, thus presumably indicating that the water-
soluble compounds (including polyphenols) have the highest antimicrobial
activity. Leaf extracts were also more active against S. aureus than fruit extracts,
likely attributable to the high proportion of phenols in the former. The
antimicrobial activity of murtilla leaf and fruit extracts was significantly affected
by the extraction solvent and/or the geographical location from where samples
were obtained. Specifically, mountainous plant extracts were the most active
against microbes, whilst fruit extracts were not as active as those from leaves,
due to the lower level of antimicrobial compounds. Although the compounds
responsible for the antimicrobial effect have not been identified, a study suggests
that flavan-3-ols and flavonol glycosides might be the active agents [147].

Other studies have statistically confirmed that variations in polyphenol content
in murtilla are partially due to the effect of the growing season, antioxidant
activity and the dry matter content of murtilla fruits from three genotypes (the
14-4 genotype and the Red Pearl-INIA and South Pearl-INIA varieties). These
characteristics tend to vary with atmospheric conditions such as rainfall and the
number of frosts. In addition, polyphenol content and dry matter were affected
by genotype [34]. Studies aimed at determining the phenolic composition and
antioxidant capacity of U. molinae Turcz leaves across 10 different genotypes,
showed significant differences between ellagitanins, gallic acid derivatives and
flavonols, which influenced the composition and antioxidant activity of the
genotypes analyzed [61]. On the other hand, due to the seasonality of the fruits,
drying is an adequate technique for their preservation, thus proving an efficient
method for maintaining the antioxidant properties of the polyphenolic
components [66]. Several murtilla fruit drying studies have shown that the
retention of polyphenolic compounds and antioxidant activity depend upon the
temperature and technique of this process [125], [148], [149], [150], [151].
Alfaro et al [66] compared the effect of both conventional and freeze drying (FD)
techniques on the retention of polyphenols as well as their antioxidant activity
using identical genotypes (variety) of murtilla fruits. The application of FD on
the Red Pearl-INIA variety of fresh U. molinae Turcz fruits preserved both the
total polyphenol and the total anthocyanin contents with respect to fresh fruit.
Hot-air drying at 65°C (HAD 65 °C), hot-air drying at 80°C (HAD 80 °C) and
FD produced a variation in the composition of the polyphenols and anthocyanin
compounds within the fresh fruits, thus showing that optimized post-harvest
treatments are essential for preserving bioactive polyphenol compounds in
murtilla berries. Vacuum drying might also prove to be an alternative drying
method for preserving antioxidant activity and polyphenol composition in dried
U. molinae Turcz [152]. The authors reported that quality parameters such as
levels of phenolic compounds and antioxidant activity showed a slight decrease
in value for the dried samples, although the results demonstrated that processed
murta berries remain a key source of bioactive compounds. Another study
showed that U. molinae Turcz fruit extracts are a natural source of antioxidants
for protecting lipidic foods, such as soybean oil [153]. The high content of total
dietary fiber (~50% by weight in fresh and processed berries) represents a novel
functional property of these fruits [154].

4.7. Berberis species

B. microphylla (calafate). Calafate is a semi-evergreen shrub reaching heights
of up to 3 m, distributed between the VI and XII Regions of Chile. Calafate fruits
are a bluish-black berry containing malic acid, and are astringent in taste. The
seeds occasionally have a toxic effect, due to the presence of berberine alkaloids
[18], [155], which are most-abundant in roots. A total of 20 species belonging to
the Berberidaceae family are described in Chile with B. microphylla G. Forst,
being the most extensively distributed species. The fruits of all members are
edible and possess high anthocyanin and hydroxycinnamic acid levels [18], [77].
In folk medicine, calafate is commonly used as either a laxative or infusion for
fevers. Studies in Chile have shown that B. microphylla contains high
anthocyanin and hydroxycinnamic acid derivative contents, with a substantial
nutraceutical value forthe prevention and control of chronic diseases and
cardiovascular activity [77]. According to [18], [80], 16 flavonol derivatives and
traces of isorhamnetin malonyl-hexoside, quercetin and kaempferol derivatives,
and kaempferol aglycone were identified in methanolic extracts of B.
microphylla. In recent years, calafate has also gained importance due to its
interesting pharmacological [156], [157], [158], antifungal [159], [160], [161],
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antioxidant [77], [162], and antibacterial properties [160], based on the
presence of both alkaloids and polyphenolic compounds. The alkaloid extracts
from B. microphylla leaves, stems and roots have selective antibacterial activity
against Gram-positive bacterial strains [163]. A total of eleven alkaloids were
identified in this specie using HPLC ESI-MS/MS; isocorydine, jatrorrhizine,
palmatine, reticuline, scoulerine, tetrahydroberberine and thalifendine,
allocryptopine, berberine, calafatine and protopine. Additionally, the presence of
these alkaloids was organ-specific and may be affected by environmental
conditions [78]. Indeed, B. microphylla leaves show high phenotypic plasticity
between different culture sites. Changes in leaf morphology and structure are an
indication that the plants are adjusting to the new culture conditions i.e., higher
temperatures and lower irradiance [79], [164]. High concentrations of
anthocyanins and hydroxycinnamic acid derivatives [17.81 pmol/g and 2.62
umol/g fresh weight (FW), respectively] are present in this fruit [80]. The total
flavonol concentration is 1.33 umol/g, of which glycosyl metabolites of quercetin
and isorhamnetin were the most abundant. The phenolic acid compounds
identified in B. microphylla included gallic, chlorogenic, caffeic, coumaric and
ferulic acids, as well as flavonoids such as rutin, myricetin, quercetin and
kaempferol. Similar profiles were observed in calafate from distinct locations
[79]. Differences in quantitative and qualitative compositions of phenolic
compounds and antioxidant activities of B. micropylla were also related to
agronomic management practices, growing season and climatic conditions [76].
Calafate pulp and skin have higher flavonol concentrations than seeds, levels that
fall during ripening, whilst berberine was the only compound detected in the fruit
(0.001%), mainly in seeds [77].

B. darwinii (Michay). Michay is a shrub that grows in the pre-Andean
mountains in Chile from the VII to the XI Region, and in Argentina to the west
of Rio Negro and Neuquén [165]. It reaches heights of up to 1.5 m, and its fruits
are bluish-black with seeds rich in amygdalin, a compound that deters herbivore
feeding. Few studies on the properties of the fruits have been reported, although
it is known that plant extracts inhibit immune responses in vitro [156]. Several
alkaloids have been reported to be present in the plant [19], and berberine may
be found in the fruits. With respect to the presence of polyphenol compounds in
B. darwinii, the absence of isorhamnetin-3-rutinoside and isorhamnetin-3-
galactoside was reported, although this berry showed a similar flavonols content
as B. microphylla and other Berberis members [18], [77], [155].

CONCLUSIONS

The presence of high concentrations of bioactive compounds such as
polyphenols, anthocyanins, and other key compounds such as alkaloids and
terpenes in native species from southern Chile, has been linked to beneficial
effects on human health. Polyphenol compounds play a crucial role in the
incidence and morbidity rate of chronical diseases such as diabetes, hypertension,
cancer, aging and obesity. These compounds contribute towards preventing the
appearance and recurrence of such illnesses by disrupting chain oxidation
reactions in cellular components and by increasing plasma antioxidant activity.
Extracts of berries such as maqui, murtilla and calafate have high antioxidant
activities and have therefore been classified as superfruits. Other native plants,
like boldo, matico and bailahuen are recognized as medicinal plants by their
hepatoprotective, healing and antioxidant effects. However, several modes of
action and the protective effects of polyphenols are yet unclear. Hence,
expanding the scientific knowledge of variables such as absorption, distribution
and elimination of polyphenols will increase our understanding of their benefits
to human health. In this sense, it is recommended the factors that affect the
bioavailability of polyphenols be considered to be used in the industry.

ABBREVIATIONS

TRAP, total radical-trapping potential; TAR, total antioxidant reactivity; LDL,
low-density lipoproteins; DNA, Desoxyribonucleic Acid; AAPH, 2,2’-Azo-
bis(2-amidinopropano) dihydrochloro; DPPH, 2,2-difenyl-1-picrylhydrazyl;
ORAC, Oxygen Radical Absorbance Capacity; AOA, antioxidant capacity; f
stoichiometric coefficient of initiation; R, Oxidation inhibition ratio; Ry,
Initiation ratio; TBARS, thiobarbituric acid reactive substances; ABTS, 2,2'-
azino-bis (3-ethylbenztiazolino 6-sulfonic acid); TPA  (12-0-
tetradecanoylphorbol-13-acetate); AA, Arachidonic Acid
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