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A B S T R A C T

This review examines Aymara traditional medicine, which is deeply rooted in cultural perceptions of health and 
disease, and its utilization of medicinal plants rich in secondary metabolites—such as flavonoids, alkaloids, and 
saponins—to support immune function, emphasizing the synergy between ancestral knowledge and modern 
scientific research. Adhering to PRISMA 2020 guidelines, this review incorporates empirical studies from 2013 to 
2024 on secondary metabolites and Aymara medicine, with a focus on the immunomodulatory effects of plants, 
while excluding non-indexed or irrelevant studies. Potential limitations include publication bias and reliance on 
secondary data.

Three key plant genera—Azorella, Centaurium, and Amaranthus—were identified for their traditional medicinal 
uses, highlighting their pharmacological benefits, such as anti-inflammatory, antioxidant, and hepatoprotective 
effects. Specifically, xanthones, a class of secondary metabolites found in Centaurium, exhibit notable antioxi
dant, anti-inflammatory, antitumoral, and cardioprotective properties, which support their traditional use in 
treating hypertension and related ailments. Centaurium spp. is characterized by its bioactive compounds 
(secoiridoids, flavonoids, phenolic acids, and xanthones), offering valuable immunomodulatory, anti- 
inflammatory, digestive, and antimicrobial properties recognized in both scientific and traditional Aymara 
medicine for treating diseases and maintaining physical and spiritual balance.

Overall, the study of secondary metabolites in Andean medicinal plants like Azorella, Centaurium, and 
Amaranthus underscores their diverse bioactive compounds with pharmacological properties, highlighting the 
Aymara community’s integration of traditional and modern medicine through holistic practices that promote 
health, balance, and resilience against disease, while emphasizing the potential of these practices to enhance 
contemporary healthcare.

1. Introduction

Different cultures around the world shape their cultural perceptions 
to define body, health, and disease. These practices are rooted in the 
populations that have once suffered some type of illness, discomfort, or 
ailment. This phenomenon is recognized in the field of anthropology as a 
cultural syndrome or sociocultural epidemiology. The study of repre
sentations and subjectivities is crucial to thoroughly understanding the 
conceptualization that underlies these perceptions. It also allows us to 
understand lived experiences of different populations and cultures, as 

well as the human dimensions related to knowledge, techniques, beliefs, 
customs, norms, experiences, symbols, and values, which shape the 
perceptions of the body, health, and disease. Likewise, the experiences 
that these populations and/or cultures have lived bring into practice 
human dimensions related to knowledge, techniques, beliefs, customs, 
norms, experiences, symbols, and values [1].

Among these ancient cultures are the Aymara people, who belong to 
the group known as the Andean people of South America and, along with 
Quechuas and Guaranís, are one of the three largest indigenous groups 
in the continent. Currently, there are around 1.500.000 Aymaras. Most 
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of them, approximately 1.150.000, live in the Republic of Bolivia. In 
Peru, there are about 350,000 Aymaras, nearly all of whom live in the 
southern department of Puno. A few thousand Aymaras live in northern 
Chile, in what is known as the First Region (Fig. 1) [2].

The Aymara people are situated in different ecological zones within 
the northern regions of Chile, such as the highland, valleys, ravines, and 
the coast [3]. This group is characterized as an ancient Andean society 
that bases its order on its beliefs, which are directed towards the Holy 
Mother Earth, Pachamama, as the creator of fauna, flora, and humans. 
The Aymara worldview consists of three spiritual spaces: Arajpacha, 
Akapacha, and Manqhapacha. Arajpacha is the world that includes the 
sun, the moon, the Milky Way, stars, saints, angels, and virgins, repre
senting the “above” world. Akapacha is the center, or “this world of ours” 
referring to the world where the Aymara people live. Finally, Man
qhapacha, or the “below” world, encompasses the spirits of the mines, 
devils, and the condemned, which the community associates with 
darkness, evil, and rebellion [4,5].

Overall, ancient medicine holds considerable historical and practical 
significance, embodying the collective wisdom of cultures regarding 
health, the human body, and its connection to nature [6]. It serves as the 
foundation for many contemporary medical principles and continues to 
impact current practices, particularly in integrative medicine and 
community health [7].

This traditional medicine is regarded as the foundation of modern 
medicine, as many ancient practices and remedies laid the groundwork 
for pharmacology and even contemporary surgical techniques [6]. The 
use of medicinal plants continues to be significant in the search for new 
therapeutic agents [8]. From a holistic viewpoint, ancient traditions 
typically adopt a comprehensive approach that acknowledges the 
interconnectedness of the mind, body, spirit, and environment, a 
concept that is increasingly recognized by modern medicine [8]. 
Furthermore, these traditions emphasize sustainability through the 
responsible utilization of natural resources and the conservation of 
ecosystems. The significance of Andean Aymara medicine is deeply 
rooted in its connection to the natural environment and its distinct 
worldview, which fosters an integrative and interconnected perspective 
involving “Pachamama”, the cosmos, the community, and the individ
ual. This approach not only promotes environmental awareness but also 

emphasizes a communal aspect of health care. Additionally, the Aymara 
pharmacopoeia consists of a diverse array of local plants known for their 
healing properties [9].

Traditional andean medicine is one of the cultural aspects that stands 
out in this community, characterized by a different perception of health 
and disease. Their concept of health is not limited to physical and psy
chological well-being but also encompasses the social balance and well- 
being of the person, that is, if they are in harmony with their family and 
community, their ancestors, protective spirits, and Mother Earth. This 
type of ancestral medicine is practiced by a relevant figure within the 
community, known as Yatiri, which means “wise” in English and refers 
to the person who knows, predicts, cures diseases, and guides people to 
heal the spirit or soul, thereby restoring balance within the community 
[10–12].

The Aymara conception of health is linked to work. For this culture, 
health has a direct relationship with work, thus, the ability to work is an 
indicator of a person’s health. Specifically, work is directly proportional 
to health. For these populations, being healthy (k’umara) physically 
means being capable of working [12](13). According to the testimony of 
a community member from Jach’a Titilaca district of Platería (Puno, 
Peru), it means “being well and being able to carry out work (the farm) 
normally.” However, health is also related to natural nutrition. Another 
important point to highlight is their beliefs and their relationship with 
divinities, which is also an expression of good health. In Andean culture 
specifically, health is a product of nurturing the harmony of biodiversity 
elements. Reinforcing this idea. Chambi states: “Health comes to build 
the fruit of the harmonization of the natural community, there will be 
illness if the rest of the components of the natural community (rivers, 
plants, animals, hills, stones, etc.) are unwell [13]. That is why harmony 
is always nurtured at every moment as it suits the Pachamama”.

In the Aymara culture, understanding how the immune system 
functions is deeply intertwined with their worldview, beliefs, and 
traditional medical practices. The Aymara, like many other Indigenous 
peoples, view health as a holistic balance that encompasses body, mind, 
spirit, and environment [5,14]. Within Aymara medicine, the immune 
system is seen as intrinsically linked to the harmony between these el
ements. To strengthen the immune system, they focus on maintaining 
this balance through practices such as proper nutrition, plant-based 
medicine, physical exercise, meditation, and connecting with nature.

The Aymara emphasize the consumption of natural foods rich in 
antioxidants, vitamins, and minerals to support immune function. They 
also incorporate medicinal plants and herbs with immunomodulatory 
properties, such as garlic, quinoa, coca, and muña, into their diet. These 
plants are rich in secondary metabolites—such as alkaloids, flavonoids, 
terpenoids, and saponins—which play a vital role in enhancing immune 
function. Secondary metabolites, while not essential for growth, are 
crucial for plants’ defense and ecological interactions, and they exhibit 
immunomodulatory effects in humans as well [15,16].

Flavonoids, recognized for their antioxidant and anti-inflammatory 
properties, play a vital role in reducing oxidative stress, a major 
contributor to immune cell damage. By minimizing inflammation and 
enhancing immune cell function, flavonoids bolster body’s defenses. 
Quercetin and kaempferol, present in various fruits and vegetables, are 
particularly effective at protecting cells from damage and modulating 
immune responses [17].

Alkaloids, such as berberine—found in many Aymara medicinal 
plants—also demonstrate anti-inflammatory and antimicrobial effects, 
promoting immune balance [18]. Similarly, terpenoids like ursolic acid 
and carnosol, which are found in several herbs, help regulating immune 
responses by reducing inflammation and activating specific cells [19,
20].

Tannins, found in green tea and red wine, provide notable immune 
benefits. Their antioxidant and astringent properties help fortify the 
intestinal mucosa and enhance the intestinal immune barrier, thereby 
reducing systemic inflammation [21]. These examples illustrate how 
Aymara medicinal plants, while culturally significant, are also 

Fig. 1. Distribution of Aymara People. Map illustrates the geographical 
distribution of the Aymara people.
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supported by modern scientific research, which confirms the beneficial 
effects of secondary metabolites on immune function.

For instance, saponins exhibit immunostimulant properties, 
enhancing the immune system by boosting antibody production, thereby 
strengthening the body’s defense against infections [22]. Glycosides, in 
contrast, can modulate the immune response through their 
anti-inflammatory and antioxidant effects. For instance, cardiac glyco
sides like digoxin are known to have specific modulatory impacts on 
immune function [23].

Then, the general objective of this review is to analyze the use of 
medicinal plants in traditional Aymara medicine, focusing on identi
fying the secondary metabolites present in specific species such as 
Azorella spp., Centaurium spp., and Amaranthus spp., exploring their 
pharmacological, immunological, and cultural properties. This research 
aims to integrate ancestral knowledge with modern scientific evidence 
to understand their relevance in promoting health and well-being within 
the community.

1.1. Methodology

This review was structured according to the general PRISMA 2020 
guidelines, ensuring compliance with the overall checklist system [24].

Eligibility criteria: This study is based on literature that includes 
scientific articles published in the last 10 years based on immunology, 
secondary metabolites, and Aymara medicine, in both English and 
Spanish. Studies without empirical results, unavailable in full text, or 
not indexed were excluded.

To ensure the rigor of the review, studies were included based on the 
following Criteria.

Inclusion: Published in the last 11 years (2013–2024), empirical 
studies providing data on secondary metabolites and their pharmaco
logical effects, particularly immunomodulatory effects, articles focusing 
on the use of medicinal plants by the Aymara or other Andean com
munities, or peer-reviewed articles indexed in the selected databases.

Exclusion: Studies without empirical results or clinical relevance, 
non-indexed articles, unpublished materials, or grey literature, or 
duplicate studies across databases and those lacking full-text access.

Information sources: search included academic databases such as 
PubMed, Scopus, and Web of Science, and used terms like “immuno
modulation,” “saponins,” “glycosides,” “immune response,” and 
“ancestral medicine."

Search strategy: This study it is particularly focusing on secondary 
metabolites and their immunological properties. The review also aimed 
to contextualize these findings within the broader cultural and tradi
tional practices of Aymara medicine. Literature search was conducted 
across three major academic databases: PubMed, Scopus, and Web of 
Science, covering articles published between 2013 and 2024. Both En
glish and Spanish language publications were included to ensure 
comprehensive coverage of the topic.

Selection process: The search terms utilized were specific to the 
research goals and included combinations of keywords such as “immu
nomodulation,” “secondary metabolites,” “saponins,” “flavonoids,” 
“Aymara traditional medicine,” and “immune response.” Additional 
sources, including specialized books and articles focused on Aymara 
medicine from Chile, Peru, and Bolivia, were also reviewed to integrate 
both scientific literature and culturally significant perspectives.

Data collection process: For each selected study, relevant data were 
extracted and tabulated, focusing on: 

1. Plant species used by Aymara communities (e.g., Azorella spp., 
Centaurium spp., Amaranthus spp.).

2. Identified secondary metabolites, such as flavonoids, alkaloids, ter
penoids, and saponins.

3. Biological activities associated with these compounds, particularly 
their immunomodulatory and pharmacological effects.

4. Cultural and traditional uses of these plants within Aymara medi
cine, integrating indigenous practices and holistic health concepts.

Additionally, a comparative analysis was conducted to correlate 
traditional knowledge with modern pharmacological findings, particu
larly focusing on the plants’ roles in modulating the immune system and 
their therapeutic applications in managing common diseases in Aymara 
populations, such as inflammatory conditions and chronic illnesses.

1.2. Limitations

A potential limitation of the study is publication bias, as only studies 
indexed in major scientific databases were included, potentially 
excluding valuable insights from non-indexed indigenous knowledge 
sources. Furthermore, the reliance on secondary data may limit the 
direct applicability of findings, although efforts were made to integrate 
relevant clinical and cultural literature to provide a holistic 
understanding.

2. Results

2.1. Identification of key plant species

One of the key findings of this study was the identification of 
essential plant species used in traditional Aymara medicine. By 
reviewing both scientific and ethnobotanical literature, three primary 
plant genera were highlighted: Azorella spp., Centaurium spp., and 
Amaranthus spp. These plants hold not only cultural and ritual signifi
cance within the Aymara worldview but also possess valuable medicinal 
properties, attributed to their secondary metabolites with well- 
documented pharmacological benefits. 

1. Azorella spp.

Description: Commonly known as Yareta, this is a perennial plant 
that grows in the high Andes, particularly at altitudes above 3000 m. It 
has slow growth and a cushion-like appearance, which allows it to adapt 
to extreme climates.

Uses in Aymara medicine: Azorella has traditionally been used by 
Aymara communities to treat respiratory, rheumatic and digestive ail
ments. It is commonly used in infusions and poultices. In Chile, Azorella 
is found mainly in the high plateau and Andean puna areas [25], 
covering the northern regions, such as Arica and Parinacota, Tarapacá, 
Antofagasta, and to a lesser extent in the Atacama region [25,26]. It 
grows in arid and rocky terrain at high altitudes (3000 to 5000 m above 
sea level) [9].

It is a plant adapted to extreme climates, with low temperatures and 
high solar radiation.

Secondary Metabolites: Research has revealed a significant pres
ence of terpenoids, flavonoids, and alkaloids in its extracts. The diverse 
chemical compounds found in plant-derived natural products have 
substantially contributed to the discovery and development of new 
medications. Many of these compounds, after being employed for years 
in traditional medicine, are currently under investigation for their po
tential therapeutic applications. The identification and exploration of 
these substances have led to the creation of new drugs and treatments 
for various diseases and health conditions. These compounds have 
shown anti-inflammatory, antioxidant, and antimicrobial properties, 
reinforcing their traditional applications in the treatment of inflamma
tory and respiratory disorders. Furthermore, the structural diversity of 
secondary metabolites across different species has resulted in a wide 
range of molecular mechanisms, influenced by the interactions between 
functional groups and their biological targets [27].

One of the species of the genus azorella is Azorella compacta, also 
known for its cushion-like growth form, is a characteristic plant of the 
Andean regions that has been widely used in traditional Aymara 
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medicine. The following image (Fig. 2) illustrate different aspects of this 
species. In image (A), the irregular cushion growth form is shown, while 
image (B) displays the surface of the male cushion, highlighting the 
morphological characteristics that have been the focus of botanical and 
ecological studies. Fig. 2 also depicts azorellanol (C) and mulinane (D), 
two diterpenoids found in Azorella compacta, which exhibit notable 
biological activities. 

2. Centaurium spp.

Description: Known in traditional medicine as Cachanlahua, this 
herbaceous plant grows in temperate and cold regions of the Andes. It 
has small pink flowers and is known for its characteristic bitter taste.

Uses in Aymara medicine: This plant has historically been used to 
treat digestive and liver problems and to stimulate appetite. It is also 
employed as a general tonic, in infusions to alleviate fevers, and as a 
hypotensive agent. In Chile, species of Centaurium spp. are located in 
regions near the Andes Mountain range, particularly in areas with 
temperate conditions and moist soils that support their growth [28]. For 
instance, in the central region, these plants can be found on the slopes of 
the Andes. Their typical altitudes range from 500 to 1500 m above sea 
level in Valparaíso, Metropolitana, and O’Higgins regions, where a 
Mediterranean climate with humid soils prevails. They have also been 
identified in the Maule and Biobío regions at similar elevations, as well 
as in the Araucanía region near the Andes [28].

Secondary metabolites: Secoiridoids, flavonoids, and phenolic acids 
have been identified in this species. Secoiridoids are particularly 
important for their hepatoprotective and digestive properties, while 
flavonoids and phenolic acids offer antioxidant and anti-inflammatory 
effects, supporting its use in treating digestive disorders and inflam
matory diseases.

In addition to its chemical composition, the morphology of Cen
taurium cachanlahuen has also been studied due to its importance in the 
identification and collection of the plant for medicinal uses. Fig. 3 shows 
the image of the Centaurium cachanlahuen species (A), whose botanical 
characteristics contribute to its recognition as a valuable source of 
secoiridoids (B), xanthones (C), flavonoids, and phenolic acids. 

3. Amaranthus spp.

Description: The Amaranthus genus, known as Kiwicha or Amaranth, 
includes several species cultivated for both their nutritious grains and 
medicinal properties. It is characterized by its striking, colorful in
florescences and adaptability to diverse altitudes.

Uses in Aymara medicine: In Aymara culture, Amaranthus has been 
used to improve nutrition, treat anemia, and as a digestive remedy. 
Amaranth grains are rich in protein and have been essential to the diet of 
Andean communities. The genus Amaranthus spp. encompasses a vari
ety of herbaceous plants that are widely distributed across the globe. Its 
origin and geographical range span multiple regions [29,30]. Most 
species of Amaranthus are indigenous to the Americas, particularly in 

tropical and subtropical areas [29]. Certain species, such as Amaranthus 
hypochondriacus and Amaranthus caudatus, originate from Mexico and 
the Andes, where they have been cultivated for food. In the Andes, these 
plants can be found at elevations of up to 3500 m above sea level. While 
they prefer warm or temperate climates, many species are resilient, 
tolerating drought conditions, poor soil quality [31], and high altitudes.

Secondary metabolites: Amaranthus spp. contains a high concentra
tion of saponins, polyphenols, and flavonoids, which have been shown 
to possess antioxidant, hypocholesterolemic, and immunomodulatory 
properties. These compounds are crucial in preventing cardiovascular 
diseases and enhancing immune response, validating its use in both diet 
and traditional medicine.

In addition to its nutritional and medicinal properties, the distinctive 
appearance of Amaranthus caudatus makes it easily identifiable, espe
cially due to its striking inflorescences. Fig. 4 shows the Amaranthus 
caudatus plant in its entirety (A), while image (B) provides a close-up of 
the flower, highlighting characteristics recognized in both botany and 
traditional use. Fig. 4 (C) presents the general structure of flavonoids, a 
class of secondary metabolites widely found in the genus Amaranthus.

The identification of these plants not only confirms their importance 
in Aymara medicine but also reveals how their use is supported by the 
pharmacological properties of their secondary metabolites. The ances
tral knowledge about these species, passed down through generations, 
correlates with modern scientific studies that highlight their health 
benefits, particularly in strengthening the immune system and pre
venting chronic diseases.

These results underscore the importance of continuing research on 
plants used by traditional Aymara medicine, as their metabolites may 
offer new opportunities for developing pharmacological treatments 
based on natural compounds.

The analysis of secondary metabolites responsible for the biological 
activity of the Andean medicinal plants is of relevance for traditional 
medicine and pharmacognosy. These secondary metabolites include a 
variety of chemical compounds that can exhibit therapeutic effects [33]. 
Some of the most relevant secondary metabolites in these plants and 
their biological activity are presented below:

2.2. Genus Azorella spp

This genus is recognized within traditional Andean medicine for its 
effectiveness in treating a range of ailments. The secondary metabolites 
found in Azorella include: 

• Alkaloids: Compounds known for their anti-inflammatory, anal
gesic, and antispasmodic properties [34].

• Flavonoids: Compounds with antioxidant, anti-inflammatory, and 
antitumoral activities. Flavonoids are characterized by protecting 
cells from oxidative damage [33,35].

• Terpenoids: Terpenoids are known for their anti-inflammatory, 
antimicrobial, and antitumoral properties [36].

Fig. 2. Azorella compacta. (A) irregular cushion form of growth (B) surface of male cushion (C) diterpenoid Azorellanol (D) diterpenoid Mulinane [25].
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2.3. Secondary metabolites of the genus Azorella of the Terpenoid type

Terpenoids contained in the genus Azorella exhibit various biological 
and pharmacological properties, making them relevant to human health. 
Terpenoids are an extensive class of organic compounds derived from 
isoprene units which can be divided into several subclasses, such as 
monoterpenes, sesquiterpenes, diterpenes, triterpenes, and tetra
terpenes, among others.

Terpenoids, also known as terpenes, are the largest group of sec
ondary metabolites, encompassing more than 40,000 different mole
cules. They are chemically heterogeneous biomolecules but physically 
similar, consisting of units of 5 carbon atoms or “isoprene” units, hence 
they are also called isoprenoids. These biomolecules are usually insol
uble in water and compatible with slightly polar organic solvents such as 
dichloromethane and chloroform. Initially, terpenes were identified as 
hydrocarbons originally found in turpentine oil and composed solely of 
alkenes. However, the presence of various functional groups such as 
aldehydes, ketones, esters, and carboxylic acids in their structure led to 
the term terpenoids [37].

Diterpenoids possess the capability to cross the blood-brain barrier 
(BBB) and affect the central nervous system. Transmembrane diffusion is 
the primary method by which drugs traverse the blood-brain barrier. 
Certain diterpenes can promote GLUT4 translocation and activate 
signaling pathways that involve phosphoinositide 3-kinase (PI3K) and 
AMP-activated protein kinase (AMPK). Additionally, diterpenoids may 
reduce the expression of inflammatory markers such as NLRP3 and 
interleukin (IL)-6. They also have the potential to enhance joint health 
by modifying various pathways involved in arthritis. In terms of anti
viral and antibacterial effects, these compounds can inhibit bacterial 
growth, influence the gene expression associated with virulence factors, 
and reduce the expression of those same factors [38].

Especially in the Azorella genus, terpenoids of the diterpene type are 
produced. Mulinane- and azorellane-type diterpenoids are exclusive 
constituents of medicinal plants belonging to the Azorella spp, Laretia 
spp, and Mulinum genera. These diterpenoids exhibit medicinal proper
ties, including antimicrobial, antiprotozoal, spermicidal, gastro
protective, and anti-inflammatory, among others [28]. The structure of 

the diterpenoids azorellanol and mulinane is shown in Fig. 2C and D 
respectively.

2.4. Genus Centaurium

The genus Centaurium, commonly known as centaury, is recognized 
for its digestive and hepatoprotective properties. Also, this plant has 
been used to treat asthma, fever, intestinal parasites, hypertension, 
spasms of gastrointestinal musculature, edemas, and rheumatism, 
among others [39]. Plant extracts have exhibit clinical properties such as 
sedative, antipyretic, antihelmintic, anti-inflammatory, analgesic, 
diuretic, antidiabetic, and antioxidative agents [39].

The secondary metabolites present in this genus include: 

• Secoiridoids: These compounds are known for their digestive and 
hepatic properties, aiding digestion and protecting the liver [40].

• Flavonoids: As in the genus Azorella, these compounds possess anti- 
inflammatory and antioxidant effects [32].

• Phenolic acids: These compounds are characterized by their anti
oxidant and anti-inflammatory properties, contributing to protection 
against oxidative stress [32](39).

In Chile, various species belonging to the genus Centaurium, such as 
Centaurium cachanlahuen, Centaurium littorale, and Centaurium pulchel
lum, are distributed throughout the country. The Aymara community 
uses this native species as a medicinal plant by preparing an infusion 
characterized by its bitter taste. It has been demonstrated that this 
infusion might exhibit different properties such as hypotensive, hypo
glycemic, sudorific, antipyretic, and might be protective for liver and 
digestive affections [39,41].

Various species belonging to the genus Centaurium are used as me
dicinal plants due to their biological activities in treating different types 
of diseases. Consequently, numerous studies have identified different 
secondary metabolites such as alkaloids, xanthones, and iridoids, which 
contribute to the characteristic bitter taste of the Cachanlahua infusion. 
Among these metabolites, xanthones are noteworthy for their limited 
distribution within various species families and significant biological 

Fig. 3. (A) Centaurium cachanlahuen. (B) General structure of the secoiridoids from the genus Centaurium. (C) Chemical structure of a common xanthone (1,3,5,6- 
tetrahydroxyxanthone) found in the genus Centaurium [26].

Fig. 4. Amaranthus caudatus (Amaranth). (A) Whole plant of Amaranthus caudatus. (B) Detail of the Amaranthus caudatus flower. (C) General structure of flavo
noids [32].
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activity identified through phytochemical studies.
Secoiridoids are bioactive compounds that exhibit a range of bio

logical activities, including anti-inflammatory, anti-cancer, and neuro
protective effects (Fig. 3B). These compounds regulate the production of 
inflammatory cytokines and nitric oxide in macrophage cells. They also 
inhibit the phosphorylation of MAPK, STAT3, and I-κB.

Furthermore, secoiridoids can generate reactive oxygen species 
(ROS), which can impede cell division and induce cell death. They may 
also work synergistically with other chemotherapeutic agents to sup
press tumor cell proliferation. Specifically, the secoiridoid oleanolic acid 
has the potential to protect against the effects of diabetes by reducing 
oxidative stress and promoting histological regeneration [42].

2.5. Secondary metabolites of the genus Centaurium: xanthones

Xanthones are a class of secondary metabolites found in various 
plants, including some species of the genus Centaurium (Fig. 3C). 
Renowned for their varied biological and pharmacological effects, 
xanthones are a valuable focus in both pharmaceutical research and 
traditional healing practices. The biological and pharmacological 
properties of xanthones of the genus Centaurium include antioxidant, 
anti-inflammatory, antitumoral, antimicrobial, and hepatoprotective 
properties [43].

Xanthones are also characterized as a subgroup of phenolic com
pounds generally found in two plant families, Clusiaceae and Gentiana
ceae. These secondary metabolites exhibit antioxidant properties and 
provide pigmentation to some plant species. In the organism, they are 
notable for their antioxidant, anti-inflammatory, hypotensive, anti
allergic, and antitumoral properties.

Xanthones have the ability to inhibit pro-inflammatory cytokines, 
enhance the production of anti-inflammatory cytokines, and shield 
normal tissues from cellular harm. Additionally, they can regulate NF-κB 
and MAPK signaling pathways, modulate eosinophil recruitment, and 
hinder the proliferation, adhesion, and invasion of melanoma cell lines.

The biological activity of xanthones, which exhibit numerous 
structural variations, is influenced by factors such as the degree of 
oxidation of the C-ring, the presence of functional groups, and other 
structural elements [44].

Scientific studies have demonstrated that the plant species Cen
taurium cachanlahuen contains a group of xanthones responsible for its 
hypotensive and cardioprotective biological properties, utilized by the 
Aymara community in treatments for arterial hypertension. Centaurium 
cachanlahuen is recognized by the Aymara culture for its properties and 
benefits in treating specific ailments and pathologies. Consequently, 
through its uses and research, the population supports the car
dioprotective property of this plant and uses it routinely [45].

2.6. Genus Amaranthus

The species of the genus Amaranthus are known for their medicinal 
and nutritional properties. The secondary metabolites present in this 
genus include: 

• Saponins: Saponins are known for their antimicrobial, immuno
modulatory, and hypocholesterolemic activities. These compounds 
might reduce cholesterol levels and improving cardiovascular health 
[48].

• Polyphenols: Polyphenols are antioxidant compounds that protect 
against oxidative damage and possess anti-inflammatory [46] and 
antitumoral properties [34].

• Betalains: These are pigments with anti-inflammatory and antioxi
dant properties, contributing to cellular protection [47].

The genus Amaranthus was first classified by Linnaeus in 1753 and 
encompasses around 70 species, the majority of which are indigenous to 
the Americas, while the remaining species are found in Asia, Australia, 

Africa, and Europe. In Chile, various species such as Amaranthus cau
datus, Amaranthus cruentus, and Amaranthus hypochondriacus exist [48]. 
Amaranthus caudatus is cultivated in the Andean region and primarily 
sold as an ornamental plant in Europe and North America. Amaranthus 
Cruentus is native to Mexico and Central America, where it is grown 
primarily for its grain. It is also consumed as a vegetable. Amaranthus 
Hypochondriacus originating from central Mexico, it is also grown for its 
grain [49].

Amaranth primarily contains high levels of proteins, fiber, niacin, 
squalene, and tocotrienols, which have recently shown positive effects 
in reducing total cholesterol levels. Phytochemical research has 
demonstrated that extracts from Amaranthus caudatus contain toco
trienol and tocopherol, substances that regulate cholesterol metabolism. 
Additionally, this plant species has been identified to contain a range of 
secondary metabolites like polyphenols and flavonoids. Numerous 
studies have demonstrated that these compounds exhibit a wide range of 
biological and clinical properties, including the ability to lower 
cholesterol levels and offer antioxidant, antidiabetic, cardioprotective, 
and hepatoprotective benefits. Therefore, the Aymara community uses 
amaranth seeds, which have the highest concentration of these bioactive 
components, to complement a healthy diet and maintain good control of 
blood cholesterol levels [50].

Saponins possess various mechanisms of action, including the acti
vation of immune cells and the release of cytokines via signaling path
ways such as TLRs, NF-κB, and MAPK, among others. These processes 
initiate innate immune responses and enhance antigen-specific immune 
responses. Additionally, saponins can promote autophagy, which is 
frequently linked to tumor growth. However, the activation of auto
phagy may also stimulate T-cell cytotoxicity, thereby inhibiting the 
growth of cancer cells [51].

2.7. Secondary metabolites of the genus Amaranthus: flavonoids

Flavonoids are a class of secondary metabolites widely present in the 
genus Amaranthus (Fig. 4C). These compounds possess biological and 
pharmacological properties that make them valuable in medicine and 
nutrition. Main properties of these flavonoids form Amaranthus include 
anti-inflammatory, antioxidant, antimicrobial, antitumoral, car
dioprotective, and neuroprotective properties [52](53).

Phenolic compounds or polyphenols are bioactive secondary plant 
metabolites that are widely distributed in different species and plant- 
based foods, such as amaranth. Flavonoids are one of the main sub
groups of phenolic compounds, characterized by having one or more 
phenol groups in their chemical structure. They are recognized for their 
electron-donating capacity and their ability to stop chain reactions. 
Flavonoids are composed of 15 carbons and two aromatic rings con
nected by a three-carbon bridge [54,55]. Rutin, naringenin, iso
quercetin, quercetin, myricetin, kaempferol, apigenin, hyperoside, and 
catechin are the main flavonoids and derivatives compounds found in 
the Amaranthus Genera. For decades, natural products research has 
focused on the study of polyphenols, emphasizing their antioxidant and 
anti-inflammatory potential, especially as protectors of chronic diseases 
such as cancer, cardiovascular and neurodegenerative diseases [56].

The primary role of flavonoids is their involvement in inflammation. 
Flavonoids inhibit the activity of enzymes that produce eicosanoids, 
including cyclooxygenases, lipoxygenases, and phospholipase A2. They 
also suppress the production of various cytokines, such as IL-1β, IL-6, IL- 
8, and TNF-α. Furthermore, flavonoids influence the expression of pro- 
inflammatory genes, including nuclear factor kappa-light chain 
enhancer of activated B cells (NF-κB), activator protein-1 (AP-1), and 
intercellular adhesion molecule-1 (ICAM).

Additionally, flavonoids counteract reactive oxygen species by 
donating electrons and hydrogen atoms. They also enhance the activity 
of endogenous antioxidant enzymes and chelate transition metal ions 
[57].
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2.8. Secondary metabolites Comparision

Table 1 shows secondary metabolites comparation of terpenoid, 
xanthomonas and flavonoids, including characteristics of their chemical 
structure, pharmacological properties, applications and how they are 
used in Aymara medicine. Terpenoids have properties such as anti- 
inflammatory, antioxidant, antitumoral and antimicrobial among 
others, their applications are estimated in uses such as pharmaceutical 
products, aromatherapy and food. It is estimated that for the Aymara 
people their use is through essential oils mixed with carrier vegetable 
oils to support headaches, relaxation and stress. As shown in Table 1, 
terpenoids exhibit anti-inflammatory, antioxidant, antitumoral, and 
antimicrobial properties, among others.

Xanthomonas are used by the Aymara people in infections, as they 
are attributed with antifungal, antibacterial and antiviral properties. On 
the other hand, flavonoids with their antioxidant, anti-inflammatory 
and cardioprotective properties among others have been used by these 
cultures by infusions and preparations to be drunk [48].

Xanthones included in these plants are used by Aymara people for 
infections, attributed to their antifungal, antibacterial, and antiviral 
properties [62]. At the same time, flavonoids—known for their antiox
idant, anti-inflammatory, and cardioprotective benefits—have been 
utilized by these cultures in various infusions and beverages [62].

2.9. Comparative table of Azorella, Centarium, and Amaranthus plants

The use of medicinal plants has now become an optimal alternative 
for the treatment and control of different diseases. The secondary me
tabolites present in most plants have demonstrated in recent studies 
biological functions that generate a positive impact on health due to 
their bactericidal, antioxidant, anticancer, antihyperglycemic, vaso
dilatory effects, among others. In the Aymara population, diabetes 
mellitus, arterial hypertension, and dyslipidemia are significant health 
concerns within the population, not only due to their prevalence in daily 
life but also because of their considerable impact on overall health and 
well-being. These diseases are treated through different treatments 
offered by the territory due to the richness and diversity of the ecological 
floors of the region that contribute to a traditional Andean medical 
system specialized in this type of pathologies [68].

Table 2 describes the plants of the genera Azorella, Centarium, and 
Amaranthus, including their botanical description, immunological 
properties, and most common preparations used by the Aymara medi
cine [66]. As shown in the table, both Azorella and Amaranthus are 
mostly attributed to their antioxidant properties and are commonly used 
in infusions by the Aymara community [69].

Based on Table 2, several relevant findings about the use and prop
erties of Azorella, Centarium, and Amaranthus plants in Aymara medi
cine can be exposed:

2.9.1. Immunological properties and therapeutic uses
Azorella: This plant, with its anti-inflammatory and antioxidant 

properties, is primarily used to treat respiratory and rheumatic prob
lems, making it a valuable remedy for chronic and painful diseases. It is 

normally used by infusions and poultices highlighting its significance in 
traditional Aymara medicine.

Centarium: Its properties as an immune system stimulant including its 
digestive benefits position this specie as a key plant for treating digestive 
disorders stimulating appetite. This underscores its importance where 
digestive diseases are prevalent, with teas and liquid extracts being the 
preferred methods of preparation.

Amaranthus: In addition to being rich in nutrients, it has potent 
antioxidant properties that enhance immune responses. It is commonly 
used for nutrition, treating anemia and digestive issues. It is prepared in 
the form of flours, infusions, and poultices.

2.9.2. Diversity of preparations
The preparations vary depending on the plant; however they all 

share a focus on traditional methods such as infusions, poultices, and 
liquid extracts. This highlights a strong connection between the Aymara 
medicine and the use of simple yet effective techniques to extract me
dicinal benefits from plants [64].

2.9.3. Impact on the population’s health
All three plants are recognized for their immunological effects, 

including antioxidant, anti-inflammatory, and immune-stimulating 
properties, highlighting their importance in enhancing overall health 
and preventing common diseases in the region.

For the Aymara people, plants are considered gifts from Pachamama, 
with Azorella holding special significance in ancestral medicine for 
restoring bodily and spiritual balance and promoting the holistic well- 
being of the community. The following table (Table 3) provides a 
detailed overview of the Azorella spp. genus, emphasizing key aspects 
such as its chemical composition, immunological properties, therapeutic 
applications, and its role in traditional Aymara medicine. This com
pendium synthesizes insights from both scientific research and ancestral 
knowledge, offering a comprehensive perspective on the use and bene
fits of these plants in traditional and modern medicinal practices.

Centaurium, formerly known as Erythraea, is a group of genera of the 
Gentianiaceae family, which contains approximately 50 species of plants 
that are part of the Chironieae tribe. In Chile, there are different species 
belonging to the Centaurium genus, such as Centaurium cachanlahuen, 
Centaurium littorale, Centaurium pulchellum, among others, which are 
distributed throughout the country [59]. The Aymara community uses 
this native species as a medicinal plant by preparing an infusion that is 
characterized by its bitter taste. This preparation has different properties 
and clinical uses such as hypotensive, hypoglycemic, sudorific, febrifuge 
and is also used for liver and digestive problems [74].

Table 4 describes the Centaurium genus characteristic, detailing its 
chemical composition, medicinal properties, and therapeutic applica
tions from a immunological and holistic perspective. Additionally, it 
analyzes its role in traditional Aymara medicine, as well as scientific 
evidence and its use in Western medicine (Table 3). This table highlights 
how the Centaurium spp. genus is valued both for its chemical compo
sition and medicinal properties, as well as for its role in traditional 
Aymara practices. From a scientific perspective, emphasis is placed on 
the bioactive compounds that offer healing properties and its ability to 

Table 1 
Comparative table of secondary metabolites: Chemical structure, pharmacological properties, applications, and use by the Aymara medicine.

Metabolite 
Type

Chemical Structure Pharmacological Properties Applications Uses by Aymara Medicine Reference

Terpenoids Hydrocarbons with 
isoprene units

Anti-inflammatory, 
antioxidant, anticancer, 
antimicrobial

Pharmaceutical, 
aromatherapy, food 
additives

Essential oils mixed with carrier vegetable oils for 
headaches, relaxation, and stress relief

[1,36,
58–60]

Xanthones Phenolic compounds with 
two aromatic rings

Antifungal, antibacterial, 
antiviral

Pharmaceutical, traditional 
medicine

Used in infections for their antifungal, 
antibacterial, and antiviral properties

[61–63]

Flavonoids 15 carbons, two aromatic 
rings, 3-carbon bridge

Antioxidant, anti- 
inflammatory, cardio- 
protective

Pharmaceutical, dietary 
supplements, beverages

Infusions and preparations for drinking due to their 
antioxidant, anti-inflammatory, and 
cardioprotective properties

[65,73], 
[35,67]
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Table 2 
Comparative table describing Azorella, Centarium, and Amaranthus plants.

Genus Botanical Description Immunological Properties Use in Aymara Medicine Common 
Preparations

References

Azorella Perennial plant with low growth, small and 
aromatic leaves

Anti-inflammatory and antioxidant 
properties

Treatment of respiratory and 
rheumatic problems

Infusions, poultices [53,63]

Centarium Herbaceous plant with pink flowers, also 
known as lesser centaury

Immune system stimulant, 
digestive properties

Treatment of digestive disorders, 
appetite stimulant

Teas, liquid extracts [39,61]

Amaranthus Plant with colorful inflorescences, nutrient- 
rich grains

Antioxidant properties improve 
immune response

Nutrition, treatment of anemia and 
digestive problems

Flours, infusions, 
poultices

[48]

Table 3 
Table for the Genus Azorella spp characteristics.

Aspect Scientific Description Immunological Description Holistic Aymara Description References

Chemical 
Composition

Contains terpenoids, flavonoids, alkaloids, 
and other bioactive compounds

Bioactive compounds can modulate the immune 
response and reduce inflammation

Plants are seen as a gift from 
Pachamama, used in harmony with 
nature

[53]

Medicinal 
Properties

Anti-inflammatory, antioxidant, 
antimicrobial, and anticancer properties

Improves defense against pathogens, modulates 
inflammation, and strengthens the immune system

Used in traditional medicine to restore 
bodily and spiritual balance

[70]

Therapeutic 
Applications

Studies have demonstrated its efficacy in 
inflammatory and microbial diseases

Helps in treating infections and chronic immune 
system diseases

Used in rituals and spiritual practices 
to promote integral health

[70]

Scientific Evidence Limited but promising clinical studies, 
pharmacological research

Evidence of immunological modulation and 
pathogen load reduction

Based on ancestral knowledge and 
traditional Andean practices

[70]

Role in Traditional 
Medicine

Common ingredient in natural treatments 
for its healing properties

Plants used to strengthen the immune system and 
prevent diseases

Part of healing rituals, including 
offerings to Pachamama and cleanses

[71]

Usage Practices Extraction of compounds for use in 
medicines and supplements

Use of extracts and preparations to strengthen the 
immune response

Traditional preparations, infusions, 
and ointments used by healers

[72]

Table 4 
Table for the Genus Centaurium spp characterization.

Aspect Scientific Description Immunological Description Holistic Aymara Description Reference

Chemical 
Composition

Contains secoiridoids, flavonoids, phenolic acids, 
and xanthones

Bioactive compounds can modulate the 
immune response and reduce inflammation

Plants are seen as a gift from 
Pachamama, used in harmony with 
nature

[39,61,
74]

Medicinal 
Properties

Digestive, hepatoprotective, antioxidant, anti- 
inflammatory, and antimicrobial properties

Improves defense against pathogens, 
modulates inflammation, and strengthens the 
immune system

Used in traditional medicine to 
restore bodily and spiritual balance

[39,61]

Therapeutic 
Applications

Studies have demonstrated its efficacy in digestive 
and liver diseases, inflammatory and microbial 
diseases

Helps in treating infections and chronic 
immune system diseases

Used in rituals and spiritual 
practices to promote integral health

[75]

Scientific 
Evidence

Limited but promising clinical studies, 
pharmacological research

Evidence of immunological modulation and 
pathogen load reduction

Based on ancestral knowledge and 
traditional Andean practices

[76]

Role in Traditional 
Medicine

Common ingredient in natural treatments for its 
healing properties

Plants used to strengthen the immune system 
and prevent diseases

Part of healing rituals, including 
offerings to Pachamama and 
cleanses

[75,77]

Usage Practices Extraction of compounds for use in medicines and 
supplements

Use of extracts and preparations to strengthen 
the immune response

Traditional preparations, infusions, 
and ointments used by healers

[77]

Table 5 
Table for the Genus Amaranthus spp characterization.

Aspect Scientific Description Immunological Description Holistic Aymara Description Reference

Chemical 
Composition

Contains flavonoids, saponins, alkaloids, and 
polyphenols

Bioactive compounds can modulate the immune 
response and reduce inflammation

Plants are seen as a gift from 
Pachamama, used in harmony with 
nature

[79–81]

Medicinal 
Properties

Antioxidant, anti-inflammatory, anticancer, 
antimicrobial, and hypocholesterolemic 
properties

Improves defense against pathogens, modulates 
inflammation, and strengthens the immune 
system

Used in traditional medicine to 
restore bodily and spiritual balance

[82]

Therapeutic 
Applications

Efficacy in preventing chronic diseases, 
cardiovascular diseases, infections, and cancer

Helps in treating infections and chronic immune 
system diseases

Used in rituals and spiritual practices 
to promote integral health

[83,84]

Scientific Evidence Limited but promising clinical studies, 
pharmacological research

Evidence of immunological modulation and 
pathogen load reduction

Based on ancestral knowledge and 
traditional Andean practices

[52]

Role in Traditional 
Medicine

Common ingredient in natural treatments for its 
healing properties

Plants used to strengthen the immune system 
and prevent diseases

Part of healing rituals, including 
offerings to Pachamama and 
cleanses

[71,79]

Usage Practices Extraction of compounds for use in medicines and 
supplements

Use of extracts and preparations to strengthen 
the immune response

Traditional preparations, infusions, 
and ointments used by healers

[74]
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strengthen the immune system. From the Aymara perspective, this plant 
has a deep spiritual meaning and is used in balance with nature to 
restore bodily and spiritual health.

Finally, Amaranthus caudatus or amaranth or kiwicha is a fast- 
growing plant species with cylindrical branches that sprout from the 
base, a central stem that reaches 2–2.5 m in height, broad green leaves 
and flowers that gather in long red or purple clusters whose pigmenta
tion is due to its high content of betacyanins which considerably en
hances its visual appeal. It is distributed in the low and high regions of 
Peru, Ecuador, Argentina, Bolivia and Chile, where it easily adapts to 
different environments and grows at altitudes of more than 3000 m 
above sea level [78].

Table 5 provides a detailed characterization of the Amaranthus spp. 
genus from multiple perspectives: scientific, immunological, and holistic 
Aymara. It explores key aspects such as its chemical composition, me
dicinal properties, and therapeutic applications, highlighting the 
importance of this plant in both traditional Aymara medicine and 
modern scientific research. Table 5 synthesizes data from clinical and 
pharmacological studies, as well as ancestral knowledge, illustrating the 
comprehensive value of this plant.

2.10. Most relevant characteristics for the genus Centaurium spp are

2.10.1. Chemical and immunological composition
Centaurium spp contains bioactive compounds such as secoiridoids, 

flavonoids, phenolic acids, and xanthones, which can modulate the 
immune response reducing inflammation. These compounds not only 
strengthen the immune system but also play an important role in the 
inflammatory treatment and microbial diseases [39,61].

2.10.2. Medicinal properties
Plants of this genus have digestive, hepatoprotective, antioxidant, 

anti-inflammatory, and antimicrobial properties [39]. From a immu
nological perspective, they help improving defense against pathogens 
strengthening the immune system, while in traditional Aymara medi
cine, they are used to restore bodily and spiritual balance.

2.10.3. Therapeutic applications
Scientific studies have demonstrated the effectiveness of Centaurium 

spp in the treatment of digestive issues, liver diseases, inflammatory 
conditions, and microbial infections. Additionally, in traditional Aymara 
medicine, these plants are used in rituals and spiritual practices to 
promote holistic health, suggesting an application in both physical and 
spiritual level.

2.10.4. Scientific evidence
Although clinical studies are limited, pharmacological research is 

promising. There is evidence supporting the ability of Centaurium spp to 
modulate the immune system reducing pathogens burden. This validates 
its use in natural treatments in both traditional and modern medicine.

2.10.5. Role in traditional medicine
Centaurium spp is a common ingredient in natural treatments due to 

its healing properties. Plants are used not only to strengthen the immune 
system and prevent diseases but also as part of healing rituals, including 
offerings to Pachamama and spiritual cleansings.

2.10.6. Usage practices
In Aymara medicine, traditional preparations include infusions and 

ointments made by healers, reflecting ancestral knowledge passed down 
through generations.

These results highlight the relevance of Centaurium spp both in 
modern medicine and in Aymara traditional medicine, emphasizing its 
ability to treat a variety of diseases and its role in maintaining spiritual 
and physical balance.

Now, regarding the perception and etiology of what is known by the 

term “disease,” these are extremely important aspects for addressing the 
world of Aymara medicine. While it is true that illness is a category of 
medicine, it is also a category of anthropology because it responds to a 
sociocultural construction. It is more advantageous to know and directly 
interpret the medical systems of any culture; it is also beneficial to un
derstand the knowledge and practices of a specific human group in 
relation to the care and techniques that should be applied to individual 
when it is affected by a pathology (disease, discomfort, ailment, condi
tion, injury, or illness) [1].

Regarding the causality of the disease in the western medical system, 
it is still claimed that bacteria, fungi, viruses and microbes would be the 
main pathogens, however, this theory has evolved because it has already 
been identified and confirmed that there are other factors that can cause 
diseases, including poor nutrition, intoxication, stress, social conflicts, 
drug addiction, rape, poverty, alcoholism, work, worries, anxiety, etc. 
Even now, climate change has become another factor in diseases. Thus, 
for example, disease is now understood as the loss of an organism’s 
ability to adapt to environmental changes within normal limits [85].

This quote implies that disease would not only be a consequence of 
extrinsic factors, but rather, because of intrinsic factors. That is, human 
organism does not respond efficiently to the demands of the environ
ment. Which means that the quality of life of the human body depends, 
in any case, on the way of life. Moreover, in the Aymara conception we 
find other variants that would influence the acquisition of diseases, these 
variables are more of a social, cultural and cosmogonic nature [1,86].

3. Discussion

The study of secondary metabolites in Andean medicinal plants like 
Azorella, Centaurium, and Amaranthus reveals a rich diversity of bioac
tive compounds with significant pharmacological properties. These 
plants play a crucial role in traditional medicinal practices, particularly 
within Aymara culture, reflecting not only their therapeutic potential 
but also their cultural and historical significance [52].

While the concept that plants possess healing properties is ancient, 
indigenous communities have traditionally focused on the effects of 
these plants, using them for nutrition, healing, and socio-cultural pur
poses. Over the years, research has advanced in evaluating the phar
macological properties of native species to scientifically support their 
folklore uses, and the active compounds responsible for their biological 
effects have been characterized.

For instance, in Azorella, flavonoids are known for their antioxidant 
properties, which help protect against oxidative damage—a key factor in 
combating chronic and degenerative diseases. These flavonoids also 
exhibit anti-inflammatory and antitumor activities [65]. Terpenoids and 
alkaloids present in Azorella are particularly noted for their analgesic, 
antispasmodic, and anti-inflammatory properties, making them effec
tive in treating rheumatic and respiratory conditions. Terpenoids also 
demonstrate antimicrobial, anti-inflammatory, and antitumor effects, 
further justifying their use in Aymara traditional medicine.

Similarly, species from the genus Centaurium contain bioactive 
compounds such as xanthones, flavonoids, phenolic acids, and secoir
idoids [29]. Xanthones are valued for their antioxidant and car
dioprotective properties, and studies highlighting their efficacy in 
reducing hypertension support the Aymara community’s use of Cen
taurium in managing cardiovascular diseases.

In Amaranthus, secondary metabolites like saponins, polyphenols, 
and flavonoids are prevalent. Saponins stand out for their cholesterol- 
lowering, antimicrobial, and immunomodulatory effects. The use of 
Amaranthus in reducing cholesterol and improving cardiovascular 
health is well-supported by the presence of these compounds [84]. 
Flavonoids, known for their potent antioxidant capabilities, neutralize 
free radicals, protect cells from oxidative damage, and help prevent 
chronic and degenerative conditions like cancer and cardiovascular 
disease. They also possess anti-inflammatory properties, reducing 
inflammation and alleviating symptoms of conditions such as arthritis. 
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Their antitumoral activities, including inducing cell apoptosis inhibiting 
angiogenesis, are significant for cancer prevention. In Aymara medicine, 
flavonoids are commonly used in infusions aimed at improving cardio
vascular and digestive health, underscoring their importance in pro
moting well-being.

In traditional Aymara medicine, terpenoids are primarily applied in 
essential oils for pain and stress relief, highlighting their pharmacolog
ical significance. Though the use of xanthones in ancestral medicine is 
less documented, their potential in treating infections is recognized 
[87].

Further exploration of these plants and their bioactive compounds 
could significantly enrich our understanding and expand their applica
tions in both traditional and modern medicine. It is well-established that 
many secondary metabolites in these species share common biosynthetic 
pathways. However, the structural diversity of compounds found in 
various extracts and preparations used by the Aymara community con
tributes to their wide-ranging effects. The synergistic interactions 
among these components result in a spectrum of pharmacological ac
tivities, rather than effects being attributable to any single compound. 
This intricate interplay of traditional knowledge and medicinal plant use 
is particularly evident in the health practices of the Aymara people, who 
rely on their deep-rooted medicinal traditions alongside an evolving 
understanding of modern healthcare.

Aymara medicine, deeply rooted in the cultural practices of the 
Aymara people, faces several limitations when integrated into modern 
clinical applications. These limitations can be categorized into four main 
areas: sustainable large-scale extraction, regulatory issues, pharmaceu
tical forms, and routes of administration.

3.1. Sustainable large-scale extraction

The sustainable extraction of medicinal plants central to Aymara 
medicine presents significant challenges. Many traditional remedies 
depend on local flora, which is often not cultivated sustainably. Rising 
demand for these plants risks overharvesting, jeopardizing biodiversity 
and disrupting the ecological balance of their habitats. Furthermore, the 
absence of robust infrastructure to support sustainable cultivation and 
harvesting practices hinders efforts to scale production while adhering 
to modern pharmaceutical standards. This tension underscores the dif
ficulty of integrating traditional knowledge and practices into contem
porary healthcare systems without compromising ecological integrity or 
cultural heritage [88].

3.1.1. Regulatory issues
Regulatory frameworks frequently fail to accommodate traditional 

medical practices such as those of the Aymara. The lack of recognition 
and integration within national health policies creates significant bar
riers to the formal acceptance of Aymara medicinal practices in clinical 
settings. For example, the Chilean healthcare system has faced criticism 
for its inability to provide culturally appropriate care, highlighting 
systemic issues that marginalize indigenous health traditions. Address
ing these challenges requires a more inclusive approach to policy- 
making that respects and integrates traditional knowledge into mod
ern healthcare systems while ensuring equitable access for indigenous 
communities [90,92]. Furthermore, regulatory bodies may require 
extensive scientific validation for traditional remedies, which can be 
difficult to achieve given the qualitative nature of much traditional 
knowledge and practice [91].

3.1.2. Pharmaceutical forms
The transition from traditional herbal remedies to standardized 

pharmaceutical forms involves numerous challenges. Aymara medicine 
often relies on whole plants or complex mixtures, which may not easily 
align with the single active pharmaceutical ingredients (APIs) typically 
required by modern regulatory frameworks. This inherent complexity 
makes it difficult to develop consistent dosage forms that adhere to 

contemporary pharmacological standards [6]. Additionally, issues 
related to bioavailability—the efficiency with which a drug is absorbed 
and utilized in the body—frequently emerge when transforming these 
traditional remedies into modern pharmaceutical formats. These ob
stacles underscore the need for innovative approaches to bridge the gap 
between traditional practices and modern medical requirements [89].

3.1.3. Routes of administration
The routes of administration for Aymara medicinal preparations are 

typically oral or topical, relying on herbal infusions or poultices. How
ever, modern medicine often emphasizes different routes (e.g., intra
venous or intramuscular) that may not align with traditional practices. 
The reluctance among Aymara people to accept invasive procedures 
reflects a cultural preference for less invasive treatments that respect 
bodily integrity [90].

This cultural perspective can sometimes hinder the acceptance of 
modern medical interventions, particularly those perceived as invasive 
or potentially harmful. In conclusion, while Aymara medicine provides 
valuable insights and practices deeply rooted in indigenous knowledge, 
its integration into modern clinical applications faces several challenges. 
These include sustainability concerns, regulatory barriers, difficulties in 
standardizing pharmaceutical formulations, and cultural preferences for 
traditional routes of administration. Overcoming these limitations de
mands a collaborative approach that respects and preserves traditional 
practices while addressing the complexities and requirements of modern 
healthcare systems [93].

Compared to other indigenous populations, the Aymara adopt a 
balanced approach by integrating native plants like Amaranthus and 
Azorella with modern medicine, effectively addressing health challenges 
such as anemia, digestive disorders, and inflammation. Although they 
face similar barriers to healthcare access as other ancestral communities, 
their continued reliance on traditional remedies plays a vital role in 
maintaining their overall health. The combination of their nutrient-rich 
dietary practices, which include grains like kiwicha, with the pharma
cological benefits of their native plants, bolsters their long-standing 
resilience against chronic and infectious diseases [94,95].

The Aymara’s holistic perspective—viewing health as an integration 
of physical, spiritual, and environmental well-being—offers a unique 
insight into the potential of natural compounds in promoting long-term 
health [96].

4. Conclusion

The study of secondary metabolites in Andean medicinal plants such 
as Azorella, Centaurium, and Amaranthus uncovers a wealth of bioactive 
compounds with important pharmacological properties and traditional 
medicinal uses. In Azorella, terpenoids, alkaloids, and flavonoids offer 
antioxidant, anti-inflammatory, and antitumoral benefits, particularly 
in treating rheumatic and respiratory diseases. In Centaurium, xan
thones, flavonoids, and secoiridoids provide antioxidant and car
dioprotective properties, making the plant effective in managing 
cardiovascular health. Meanwhile, Amaranthus contributes hypo
cholesterolemic, antimicrobial, and immunomodulatory effects, along 
with potent antioxidant protection against oxidative damage, which 
prevents chronic and degenerative diseases and offers antitumor 
properties.

The comparison between Western and Aymara Andean medicine 
reveals distinct differences in therapeutic approaches, preparation 
methods, and cultural practices. Western medicine, grounded in scien
tific evidence and clinical studies, ensures effective and safer treatments. 
In contrast, Aymara medicine, rooted in ancestral knowledge and the 
Andean worldview, integrates spiritual and holistic practices, address
ing disease with a holistic approach that considers multiple causes 
simultaneously.

Similar to other indigenous communities, the Aymara encounter 
challenges related to access to modern healthcare and health issues 
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stemming from changes in diet and lifestyle. However, they manage to 
maintain a relatively strong balance between their traditional practices 
and Western medicine, which allows them to sustain a more stable state 
of health compared to many other indigenous populations.

For the Aymara, health is seen as a balance between the body, mind, 
spirit, and nature, with immune health maintained through harmony 
with Pachamama. Rituals and spiritual practices, combined with the use 
of medicinal plants, are essential to strengthen the immune system.

Integrating traditional Aymara medicinal knowledge with modern 
scientific approaches offers a comprehensive perspective on health 
promotion and disease prevention. This fusion underscores the impor
tance of valuing ancestral practices while expanding our understanding 
of their benefits in contemporary medicine.

While the Aymara community continues to encounter challenges in 
accessing modern healthcare, their reliance on traditional medicine has 
enabled them to maintain a relatively robust foundation of health. 
Preserving their traditional health practices, alongside efforts to 
enhance access to contemporary healthcare, will be crucial for ensuring 
their long-term well-being.

Traditional Aymara medicine embodies a deep understanding of 
medicinal plants and their uses, which have been cultivated over gen
erations. This knowledge, rooted in cultural practices and a holistic view 
of health, offers valuable insights that can enhance modern medical 
practices. By bridging the gap between traditional wisdom and scientific 
research, we can explore new therapeutic avenues improving public 
health outcomes, while also respecting and preserving the cultural 
heritage of the Aymara people. Collaborative efforts that honor and 
integrate both systems of knowledge can lead to innovative health so
lutions that benefit diverse communities.

Plants discussed in the article—Azorella, Centaurium, and Amar
anthus—demonstrate significant drug potential due to their pharmaco
logical properties and secondary metabolites. Azorella, in particular, is 
rich in terpenoids, flavonoids, and alkaloids, making it a strong candi
date for anti-inflammatory drugs aimed at chronic conditions like 
rheumatoid arthritis. Its terpenoids can help reduce inflammation and 
pain, while its flavonoids may be beneficial in therapies targeting 
oxidative stress related to degenerative diseases such as Alzheimer’s. 
Centaurium is rich in xanthones, secoiridoids, and flavonoids, all noted 
for their antioxidant and hepatoprotective properties. It shows promise 
for treating hypertension, as xanthones with cardioprotective effects 
could be developed into hypertension medications and drugs to prevent 
cardiovascular diseases. Additionally, secoiridoids may be formulated to 
protect the liver from toxins and liver diseases. Amaranthus contains 
saponins, polyphenols, and flavonoids, offering antioxidant and 
immune-modulating benefits. Potential applications include using sa
ponins to lower LDL cholesterol and prevent cardiovascular conditions, 
while polyphenols could be developed into supplements to enhance 
immune function and prevent infections and autoimmune diseases.

Each of these plants has applications in traditional medicine and, 
through scientific research, their metabolites can contribute to devel
oping treatments for modern diseases, bridging ancestral knowledge 
with contemporary science. Traditional Aymara medicine provides 
valuable insights into medicinal plants. By merging this wisdom with 
modern science, we can uncover new treatments, enhance health out
comes, and preserve the cultural heritage of the Aymara people.
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[13] Néstor y otros Chambi, Así no más nos curamos La medicina en los andes. Lima: 
Editorial Proyecto Andino de Tecnologías Campesinas, 1998.
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A. zamora, G. arancio, Estudio de la relación polen-vegetación actual en el Norte de 
Chile, en el transecto Pozo Almonte-Salar de Huasco (20◦15’S/69◦06’O). Gayana, 
Botanica (Delhi) 72 (1) (2015) 125–136, https://doi.org/10.4067/S0717- 
66432015000100015.

[26] L.M. Orellana, Caracterización de humedales altoandinos para una gestión 
sustentable de las actividades productivas del sector norte del país. Flora y 
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plantas medicinales y aromáticas/ISSN 0717 7917, 2023, https://doi.org/ 
10.37360/blacpma.23.22.1.1.

[44] N.V. Gunter, S.S. Teh, Y.M. Lim, S.H. Mah, Natural xanthones and skin 
inflammatory diseases: multitargeting mechanisms of action and potential 
application, Front. Pharmacol. 11 (2020) 594202, https://doi.org/10.3389/ 
fphar.2020.594202.

[45] Gordana Tovilovic-Kovacevic, Nevena Zogovic, Dijana Krstic-Milosevic, Chapter, 
Secondary metabolites from endangered Gentiana, Gentianella, Centaurium, and 
Swertia species (Gentianaceae): promising natural biotherapeutics, Biodiversity 
and Biomedicine 2020 (2020) 335–384, https://doi.org/10.1016/B978-0-12- 
819541-3.00019-0.
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