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Abstract The genus Berberis includes about 500 different species, which com-
monly grow in Europe, the United States, South Asia, some northern areas of Iran
and Pakistan and South America. Plant species of the genus Berberis (Berberidaceae)
are of particular phytochemical interest because they have been found to be impor-
tant sources of alkaloids. In Chile, the Berberidaceae family is represented only by
the Berberis genus, which includes 50 species. Only some of them have been chem-
ically studied, as they are an important source of bisbenzyl-isoquinoline alkaloids
(BBIAs), which are biogenetically derived from tyrosine. Various species of the
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genus Berberis have been used in folk medicine for the treatment of some diseases,
highlighting its hypoglycemic value. The roots of Berberis (especially B. micro-
phylla) have a high content of alkaloids, especially berberine, which appears to be
responsible for its beneficial effects. Several studies have determined that the use of
this natural product reduces the glycemic levels in healthy subjects and diabetes.

Keywords ‘“Calafate” - Benzylisoquinoline alkaloids (BIAs) -
Bisbenzylisoquinoline alkaloids (BBIAs) - Anthocyanins - Folk medicine

1 Introduction

In recent years, some species of Berberis from Chile and Argentina have been stud-
ied due to interesting biological properties related to their alkaloids and polyphenols
content. Berberis microphylla, is a native plant commonly known as “calafate” that
grows wildly in Southern of Chile and Argentina, and used by aboriginal ethnic
groups in traditional medicine. Therefore, research has been focused on identifica-
tion and isolation of new compounds in the Berberis genus with prominent biologi-
cal activity.

2 Taxonomic Characteristics

Berberis microphylla G. Forst. of common name “calafate” is a thorny evergreen
shrub endemic to Argentine and Chilean Patagonia. It is a species belonging to the
subfamily Berberidoideae, the family Berberidaceae.

For a long time, the name Berberis buxifolia was the most commonly used name
for this species, but in accordance with the rules of botanical nomenclature, pres-
ently, an older, less frequently used name, Berberis microphylla must be used. Other
authors have subdivided it into numerous entities, but after field and herbarium
studies Landrum in 1999, has published that cannot verify any satisfactory specific
divisions. Other binomials assigned to Berberis microphylla, with corresponding
authors are: Berberis buxifolia Lam., Berberis inermis Pers., Berberis heterophylla
Juss. ex Poir., Berberis cuneata DC., Berberis marginata Gay, Berberis buxifolia
var. spinosissima Reiche, Berberis heterophylla var. pluriflora Reiche, Berberis
buxifolia Lam. var. gracilior Albov, Berberis buxifolia var. papillosa C.K. Schneid.,
Berberis buxifolia var. nuda C.K. Schneid., Berberis buxifolia var. antarctica
C.K. Schneid., Berberis antucoana C.K. Schneid., Berberis parodii Job, Berberis
michay Job, Berberis barilochensis Job (Landrum 1999).
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Photo 1 The typical root
of yellow color of Berberis
microphylla, used to
prepare aqueous
decoctions and to be drunk
as hypoglycemic agent
especially as a popular
medicine

3 Crude Drug Used

Normally a root decoction is prepared with boiling water (photo 1).

4 Major Chemical Constituents and Bioactive Compounds

From a chemical point of view, Berberis microphylla shows a pattern of accumula-
tion of alkaloids (from stems and roots), anthocyanins and flavonoids (from fruits).
Fruits of “calafate” were studied in order to know the phenolic composition and
antioxidant activity and also compared with data obtained for other berry fruits from
southern Chile, including “maqui” (Aristotelia chilensis) and “murtilla” (Ugni moli-
nae). Polyphenolic compounds in “calafate” fruits were essentially present in gly-
cosylated form, 3-glucoside conjugates being the most abundant anthocyanins. The
anthocyanin content in “calafate” berries and flavonol levels are comparable with
those found in “maqui”; however, “maqui” shows lower flavan-3-ol concentration
than “calafate”. “Maqui” and “calafate” show high antioxidant activity, which cor-
relates highly with total polyphenol content and with anthocyanin concentration
(Ruiz et al. 2010). Fig. 1 shows the different anthocyanins found in Berberis micro-
phylla (Pomilio 1973; Ruiz et al. 2014).

The root and bark of this species are characterized by producing a very special
arrangement of isoquinoline alkaloids, all of which are biogenetically derived from
the aminoacid tyrosine (Fajardo et al. 1979a, b). Figure 2 considers only those alka-
loids that would be present in aqueous decoctions used by some people living in the
Southern region of Chile and Argentina. It includes protoberberine alkaloids, with
common names: berberine (main alkaloid of Berberis species in the world), jatror-
rhizine, columbamine, palmatine, isocorydine, jatrorrhizine, palmatine, reticuline,
scoulerine and tetrahydroberberine (Fajardo 1987; Freile et al. 2003; Manosalva
et al. 2016).
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Fig. 2 Main protoberberines alkaloids from stems and roots of Berberis microphylla G. Forst

The first report related to bisbenzylisoquinoline alkaloids in Berberis micro-
phylla was calafatine (Fajardo et al. 1979a, b). Later, B. microphylla has yielded the
bisbenzylisoquinolines, chillanamine and (—)-osornine (Fig. 3). Alkaloid chilla-
namine is the likely precursor of osornine and calafatine (Leet et al. 1983). In the
course of an investigation of the alkaloids of B. microphylla collected near the town
of Punta Arenas, in Chilean Patagonia, were isolated two amorphous bisbenzyliso-
quinoline N-oxides (Leet et al. 1984).

Damascos et al. (2008) found a significant quantity of Zn and low content of Na
and Br in these berries.

5 Morphological Description

Shrub up to ca. 2 m high, glabrous or the twigs and young growth pubescent to
minutely papillate-puberulent; twigs reddish brown, tan, or gray, with longitudinal
ridges, the bark smooth, with age slightly fibrous; spines 3-parted, the arms 3—12 mm
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Fig. 3 Main bisbenzylisoquinolines from stems and roots from Berberis microphylla G. Forst

long, or often the lateral arms absent or insignificant, especially near the branch tips;
bracts ovate to broadly rounded, 1-2 mm long, membranous to submembranous,
reddish brown to yellowish tan. Leaves obovate, oblanceolate, or oblong, the blade
5-18 mm long, 1.5-9 mm wide, 2-3.3 times as long as wide, membranous to sub-
membranous, drying gray-green, dull to slightly lustrous above, the margin nor-
mally entire; apex acute to rounded, usually without an apiculum; base acute to
acuminate; petiole in living leaves usually insignificant (Landrum 2003). Style
short; stamens with or without tooth-like appendages; spines 3- parted or simple;
inflorescence usually a solitary flower; leaves obovate or oblanceolate to ovate,
obtuse to subacute, with sharp rigid apical spine, attenuate at base into short petiole,
the margin thickened, entire, coriaceous, glabrous, bright green above, pale beneath,
with prominent yellowish veins. Berry subglobose, pruinose, lunate, smooth, dark
brown. Flowers October to January (Moore 1983).

6 Geographical Distribution

Berberis microphylla is a native species, endemic to Southwestern South America,
from the Andes of Curicé at central Chile at 2500 m.a.s.l. in Tierra del Fuego
(Landrum 1999). In Patagonia, B. microphylla grows wild in the under-forest,
steppe, and forest—steppe ecotones (Correa 1984; Bottini et al. 2000).
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7 Ecological Requirements

According to our own experience, working for 40 years in Chilean and Argentine
Patagonia, it is possible to mention that Berberis microphylla grows in slopes, val-
leys, canyons and banks of bodies of water. Some authors published that this often
growing in the Magellanic subpolar forest ecoregion, in coastal scrub, Nothofagus
forest margins and clearings, moister areas in grass steppes, and along streams and
rivers (Radice and Arena 2015).

8 Traditional Use (Part(s) Used) and Common Knowledge

Berberis microphylla roots have been used by the people in the Austral zone of
Chile, for years in folk medicine to treat diabetes because it is thought that they
exhibit hypoglycemic activity. Its roots are also used to reduce high levels of cho-
lesterol. Despite the interesting biological activities reported for these roots, there
are no scientific studies to support this assumption. It is important to mention that
Berberis microphylla was used by indigenous people for the treatment of fever,
inflammations, stomachaches, diarrhea and urinary tract infection (Zin and Weiss
1998). Additionally, the Aonikenk people used yellow scraping of the bark as
tobacco, due to its hallucinogen effect, probably caused by the alkaloid berberine,
whereas the fruit of the plant was used by Kawésqar people as a source of food
(Dominguez et al. 2012). Adénikenk or Tehuelches, inhabited Patagonia, north of the
Strait of Magellan, characterized by being a nomadic land people. The ancient
Kawésqar or Alakalufes inhabited the fjords and canals of the extreme south of the
South American continent. According to Martinez Crovetto (1968), the Onas in
Patagonia used the fruits (named as “kér”) as food, and the wood (named as “mich”
or thorn) to make arrows.

9 Modern Medicine Based on its Traditional Medicine Uses

In recent years, some studies have corroborated the medicinal use of B. microphylla,
attributing interesting pharmacological and antimicrobial properties based on the
presence of isoquinoline alkaloids. In this context, root extracts of Berberis micro-
phylla showed hypoglycemic effects and stimulate glucose uptake in Hep G2 cells
with and without resistance by activating AMPK protein (Furrianca et al. 2017). As
well, leaves, stems and roots extracts of Berberis microphylla possess important
antimicrobial activity against human Gram positive pathogenic bacteria. It is inter-
esting that the root extract showed similar activity against Bacillus cereus and
Bacillus epidermidis when compared to ampicillin and cephalothin, commercial
antibiotics (Manosalva et al. 2016). Mufoz et al. (2013) found a mild antitrypano-
somal activity of extracts of this species.
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On the other hand, berberine and its derivatives are used in pharmacy or as a dye
substance (Romeo and Sanchez 2005). Related to the used of pure berberine, it has
been used in traditional Chinese medicine and Ayurvedic medicine and current
research evidence support its use for various therapeutic areas (Singh and Mahajan
2013). It is widely available as a dietary supplement in the different countries and
has demonstrated efficacy in the treatment of type 2 diabetes mellitus (Pang et al.
2015). By the way, the genus Berberis, also, is used since ancient times for curing
eye disease (Srivastava et al. 2015). In addition, there has been a growing interest in
the commercial use of Berberis microphylla fruits, being consumed fresh or pro-
cessed as marmalades and jams, in non-alcoholic beverages and in ice creams
(Arena et al. 2018). It is known that in Chilean-Argentinean Patagonia the “cala-
fate” syrup is used familiarly and commercially to prepare a “calafate” liquor, which
is sold as “calafate sour” (a mixture of syrup with grape brandy, lemon juice
and sugar).

10 Conclusions

There is a growing interest to study extracts of plants and/or pure compounds, which
historically have shown some biological activity about which many related papers
have been published. It should be mentioned that even greater progress is required in
this process, especially in relation to trials that may lead to the production of drugs
and their use in human beings. In the case of Berberis microphylla and other species
of the genus Berberis, one of the points under discussion is to determine the opti-
mum effective dose for the functions for which its applicability has been indicated
and to avoid the collateral effects that might occur. Similarly, highly reliable clinical
trials should be conducted.
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