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ABSTRACT

The use of traditional medicine in Ecuador is extensive, and many plants contain secondary
metabolites that can be used to develop new drugs to fight against diseases. In recent years,
various researchers have used medicinal plants to evaluate antimicrobial, antifungal, anti-
allergenic, and antioxidant activity. In traditional medicine, these plants are commonly used
to treat infections, inflammations, wounds or injuries, disorders of the skin, subcutaneous
tissues, or disorders of the digestive system. One of the most common uses in treating renal
and urinary tract pathologies. This work presents a broad bibliographic review of four native
plants of Ecuador (llex guayusa., Aloysia citrodora, Clinopodium nubigenum, Croton
lechleri) used traditional medicine, describing their ethnobotanical uses, natural properties,
pharmacological effects, and chemical components. A great variety of publications confirm
the existence of secondary metabolites that present antimicrobial and antioxidant effects. The
information is summarized in a comparative table for each of the extraction methods used in
each of these tests and the solvent that has been used for their extraction. Finally, several of
these species are shown to be used in the pharmaceutical industry and potentially treat
thousands of pathologies. One of the significant problems in which the Worldwide Health
Organization (WHO) is involved in the growing antimicrobial resistance, and one of the

potential solutions is the study of plant species used by indigenous people.

Key words: medicinal plants, Ilex guayusa, Aloysia citrodora, Clinopodium nubigenum,

Croton lechleri, antimicrobial resistance, antioxidant activity.
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RESUMEN

El uso de la medicina tradicional en Ecuador es extenso y las plantas contienen metabolitos
secundarios que pueden usarse para producir nuevos medicamentos e incluso combatir mas
de una enfermedad. En los Gltimos afios, varios investigadores han utilizado plantas
medicinales para evaluar la actividad antimicrobiana, antifingica, anti-alérgica vy
antioxidante. En la medicina tradicional, estas plantas se utilizan cominmente para tratar
infecciones, inflamaciones, heridas o lesiones, trastornos de la piel o tejidos subcutaneos,
trastornos del sistema digestivo, entre otros. Este trabajo muestra una amplia revision
bibliografica de cuatro plantas nativas del Ecuador (llex guayusas., Aloysia citrodora,
Clinopodium nubigenum, Croton lechleri) usadas en la medicina tradicional, dando a conocer
su etnobotanica, propiedades naturales, efectos farmacoldgicos y componentes quimicos. Se
encontraron una gran variedad de publicaciones que confirman la existencia de metabolitos
secundarios que presentan resistencia antimicrobiana y capacidad antioxidante. Resumo en
una tabla de comparacion cada uno de los métodos de extraccion usados en cada uno de estos
ensayos y ademas el solvente que se ha usado para su extraccion. Finalmente, se ha logrado
evidenciar que varias de estas especies pueden ser usadas en la industria farmacéutica y llegar
a tratar hasta a miles de patologias. Uno de los grandes problemas en los que se ve
involucrada la Organizacion Mundial de la Salud (OMS) es la creciente resistencia
antimicrobiana y una de las soluciones potenciales es el estudio de especies vegetales usado

por los pueblos indigenas.

Palabras claves: plantas medicinales, llex guayusa., Aloysia citrodora, Clinopodium

nubigenum, Croton lechleri, actividad antioxidante, actividad antimicrobiana
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INTRODUCTION

According to the World Health Organization (WHO), antimicrobial resistance has become
one of the main problems for public health worldwide (1), and a leading driver of bacterial
evolutionary tempo growth. Worldwide, antibiotics are used excessively and inappropriately
(2)(3). The resistance of microorganisms to existing drugs and pesticides is a problem that
tends to increase, which is why the search for new antimicrobials to combat diseases is hoped
to overcome the issue of bacterial resistance, some available, and side effects agents

continue(4).

Humans traditionally have used medicinal plants due to trial and error, their intimate
relationship with nature, and the exchange of knowledge between cultures. This knowledge
has been inherited from generation to generation(5). Even so, over time, new uses have been
attributed. Some plants have been used for various purposes, such as food preservation,
pharmaceutical products, alternative medicine, and natural therapies(6). Plants may have
various active principles such as antioxidants, antibacterial, cytotoxic, antiviral, fungicidal,

and nutrient agents to combat different diseases (7).

In recent years the interest in alternative medicine to treat pain and diseases that affect human
beings has been increasing. Thus, research aimed at the cultivation, characterization, and
processing of medicinal plants for therapeutic purposes are considered to be strategic and
fundamental (8). To use antimicrobials of natural origin is an alternative under development
and exploitation(9) in light of the antimicrobial resistance generated due to the excessive use

of commercial drugs.
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PROBLEM STATEMENT

One of the most current problems is antibiotic diseases, which has led man to seek new
solutions to combat them. Several of these solutions have been based on the use of medicinal
plants. Over the years, we have found that alternative medicine can be a good source for
novel pharmacological agents. Some researchers have studied some of the medicinal plants'
active principles and have obtained encouraging results(10). These studies suggest a high

potential for secondary metabolites in the treatment of some diseases.

Ecuador has a great variety of plant species that have been recognized and are studied by
several scientists to determine their pharmaceutical properties(11). The secondary
metabolites that each of these medicinal plants produces can become fundamental for
developing new drugs. Despite their potential, these novel compounds might not be accepted
in Ecuador because studies have been carried out in other countries, and the number of
secondary metabolites of these species may vary according to the environmental conditions
in which they have been grown(11). For this reason, it is essential to carry out an analysis of
the species that are commercialized day by day in each of the markets of the cities of Ecuador.
In this way, each of their active compounds can be properly identified to contribute to the
development of new weapons against pathogens. For this reason, it is essential to carry out
an analysis of the species that are commercialized day by day in each of the markets of the
cities of Ecuador. In this way, each of their active compounds can be properly identified to

contribute to the development of new weapons against pathogens.
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OBJECTIVES
1. General

Carry out a bibliographic review on the characterization of the antimicrobial properties
of four native plants of Ecuador (llex guayusa., Aloysia citrodora, Clinopodium

nubigenum, Croton lechleri).

1. Specific

e Compile information about the characterization of the antimicrobial properties of
native plants (llex guayusa., Aloysia citrodora, Clinopodium, Croton lechlerti).

e Carry out a comparison of the antimicrobial properties of four native plants (llex
guayusa, Aloysia citrodora, Piper pubinervulum, Croton lechleri).

e Analyze the extraction methods and the solvents used in the tests of plants Ilex
guayusa, Aloysia citrodora, Piper pubinervulum, Croton lechleri.

e Detail the antioxidant properties of four native plants (llex guayusa, Aloysia

citrodora, Piper pubinervulum, Croton lechleri).

16



CHAPTER I

1. Theoretical Background

Ecuador has a wide variety of plant species that have been used in traditional
medicine (11). Furthermore, there are a large number of ethnobotanical studies
conducted in this country. Most of them have documented the presence of
antimicrobial and antioxidant activity. Currently, there is a growing interest in
conducting in-depth studies of various native plants to learn about their healing

properties.

Antimicrobial resistance is one of the most worrying phenomena because of the
increase in pathologies due to infection caused by bacteria and fungi (7).
Counteracting these diseases is of utmost importance in the health field; therefore,
new schemes are being developed to combat them (12). One of the great approach
is antimicrobial activity tests, which can be used for drug discovery. By knowing
the active principles of plants, the presence of secondary metabolites that act as

antimicrobial agents can be determined.

1.1. Extraction

Extraction is the first step in separating the desired natural products from the raw
materials. The extraction methods include solvent extraction, distillation method,
pressing, and sublimation according to the extraction principle. Solvent extraction
is essential. Besides, the extraction solvent's selection is another critical factor
influencing the quality of the extract (13).

The extraction methods most traditional and widely used are maceration, extraction
by soxhlet, and percolating. These methods are easy. However, new techniques have
been implemented over time, such as supercritical fluid extraction, microwave-
assisted extraction, and ultrasound extraction. One advantage is that these reduce
the extraction time and the solvent's volume compared to the previous methods (14).
The extraction of solvent properties, the particle size of the raw materials, the
solvent-solid ratio, the extraction temperature, and the extraction duration will affect
the extraction efficiency (Table 1)(15).

17



Tablel. A brief summary of various extraction methods for natural products (16).

Method Solvent Temperature | Pressure Time Volume of | Polarity of natural
organic solvent | products
consumed extracted
Maceration Water, Room Atmospheric | Long Large Dependent on
aqueous and | temperature extracting solvent
non-aqueous
solvents

Percolation Water, Room Atmospheric | Long Large Dependent on
aqueous and | temperature extracting solvent
non-aqueous
solvents

Decoction Water Under heat Atmospheric | Moderate | None Polar compounds

Reflux Aqueous and | Under heat Atmospheric | Moderate | Moderate Dependent on

extraction non-aqueous extracting solvent

solvents

Soxhlet Organic Under heat Atmospheric | Long Moderate Dependent on

extraction solvents extracting solvent

Pressurized Water, Under heat High Short Small Dependent on

liquid aqueous and extracting solvent

extraction non-aqueous
solvents

Supercritical | Supercritical | Near  room | High Short None or small Nonpolar to

fluid fluid (usually | tempera-ture moderate polar

extraction S-C0O2), compounds
sometimes
with modifier

Ultrasound Water, Room Atmospheric | Short Moderate Dependent on

assisted aqueous and | temperature, extracting solvent

extraction or under heat

18




non-aqueous

solvents
Microwave Water, Room Atmospheric | Short None or | Dependent on
assisted aqueous and | temperature moderate extracting solvent
extraction non-aqueous

solvents
Enzyme Water, Room Atmospheric | Moderate | Moderate Dependent on
assisted aqueous and | temperature, extracting solvent
extraction non-aqueous | or heated after

solvents enzyme

treatment

Hydro Water Under heat Atmospheric | Long None Essential oil
distillation (usually non-polar)
and steam
distillation

1.2. Antimicrobial resistance

According to the World Health Organization (WHO), the problem of antimicrobial
resistance has become one of the main problems for public health worldwide (1) due
to the improper and excessive use of antibiotics in the area of medicine, agriculture,

and aquaculture (17).

With the appearance of a more significant number of microorganisms that are multi-
resistant to commercial antibiotics, the threat in the prevalence of infectious diseases
has increased. This increasing has threatened the health system since it limits the
treatment options for bacterial infections and, therefore, reduces clinical efficacy
and increases treatment costs (18). Resistance, in turn, is caused by mutations or by

the acquisition of genes that confer resistance through horizontal gene transfer (19).

Horizontal gene transfer is a process that affects biological and biological lineages
at different scales, distorting phylogenetic signals due to the mismatch of characters

that occurs between the entities involved (20).
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There are three transfer mechanisms:

Transduction is based on the exchange of genes by a bacteriophage.

Transfer by transformation is a mechanism by which bacteria trap free DNA; some
are naturally transformable is not as common as conjugation, but its role within
nature is considered essential DNA.

Conjugation uses a somewhat more complicated mechanism. It is the transfer of
DNA by direct contact between two bacteria (donor to recipient) using a conjugation
machinery that is generally encoded at the plasmid level. In addition to being the

main mechanism for transferring antibiotic resistance genes(21).

The growing global challenge of antimicrobial resistance requires the investigation
of new sources of potentially significant antimicrobial agents from natural sources,

an activity of great importance for public health (22).
1.2.1. Secondary metabolites of plants

Plants produce many secondary metabolites, and this allows them to interact with
the environment. Approximately many species of plants have metabolites with
antimicrobial activity, and of these, they are frequently used. However, it is

estimated that only 20-30% of them have been investigated (23).

Secondary metabolites can be divided into several main groups based on their
chemical structures, the best-studied being terpenoids, cyanogenic glycosides,

glucosinolates, alkaloids, and phenolic compounds (24).
Terpenes or terpenoids

Approximately 30,000 terpenoids have been described, which present enormous
structural variability, but have their biosynthetic origin in common. This group is
classified according to its carbon units. In this way, the 10-carbon terpenoid (a
terpene) is designated as monoterpene, hemiterpene to the five-carbon terpenoid
(half terpene), sesquiterpene to the 15-carbon terpenoid (1,5 terpene), diterpene
to the 20-carbon terpenoid, and as triterpene to the 30-carbon terpenoid. The
differences between the two microorganisms terpenes' biological activities can be

explained by the differences in the mycobacteria wall composition, mostly of

20



mycolic acids. This entire lipid barrier prevents the passage of solutes through it

and protects the mycobacterium from environmental changes (25).
Cyanogenic glycosides

They are the secondary metabolism product in the synthesis of plant-specific
compounds composed of an a-hydroxy nitrile type aglycone and sugar, mainly
D-glucose. The distribution of cyanogenic glycosides (GC) in the plant kingdom
is relatively wide, reaching at least 2,500 cultivars, among which a large number
belongs to the Fabaceae, Rosaceae, Linaceae, Compositae, and other families.
Cyanogenic glycosides are essential components of the plant's defense against
general herbivores due to their bitter taste and the release of toxic HCN on the
damaging tissue (26)(27).

Glucosinolates

Glucosinolates are rich in sulfur; they contain a central carbon atom linked by
sulfur to sugar and nitrogen to a sulfated oxime. Also, the central carbon is
attached to a side group. In the Brassicaceae family, glucosinolates are
metabolites that occur abundantly and characteristically. Thanks to the action of
the myrosinase enzyme, they produce isothiocyanates, nitriles, and other
compounds, whose concentration varies according to the organ, age of the plant,

and environmental conditions and possessing various activities (28).
Alkaloids

Alkaloids were initially defined as essential pharmacologically active nitrogenous
compounds of plant origin. They are secondary metabolites of plants that are
synthesized by amino acids. Therefore, an alkaloid is a chemical compound with
nitrogen that comes from the metabolic process of amino acid. Many of the
alkaloids discovered are not pharmacologically active in mammals, and some are
neutral rather than necessary, despite the presence of a nitrogen atom in the

molecule (29).
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Phenolic compounds

Plant phenolic compounds vary widely in size and complexity, but all generally
possess (or are derived from compounds that possessed) an aromatic arene
(phenyl) ring with at least one hydroxyl group attached. The phenolic hydroxyl
group is acidic compared to other hydroxyl groups because it resides on an arene
ring, efficiently stabilizing a deprotonated oxygen substituent. As a result,
phenolic compounds are reactive and suitable for building large polymer blocks,
such as lignins or suberins, and forming a large number of compounds that play

essential roles in many aspects of plant biology (30).
1.3.Antioxidant activity

Antioxidants are molecules that prevent the oxidation of other molecules. In general,
there is an electron transfer during chemical reaction from an agent substance to an
oxidant (31). This reaction can produce free radicals that in turn start chain reactions
that might damage cells because free radicals are very reactive, scavaging electrons

from stable molecules to reach electrochemical (32).

The antioxidant activity of plants is related to the presence of secondary metabolites
like phenolic compounds because they can give up hydrogen atoms from an
aromatic hydroxyl group to a free radical. Also, phenolic compounds perform
various other functions (33). For example, they are part of plant growth and
reproduction. Among the phenolic compounds are flavonoids, which, in addition to
their proven antioxidant activity, they have a great diversity of therapeutic effects,
such as cardiotonic, anti-inflammatory, hepatoprotective, antineoplastic,

antimicrobial, and vasodilator activities (31)(34).

Flavonoids have shown intense antioxidant activity in in vitro systems mainly to
their low oxidation potential, which gives them the ability to stabilize free radicals
by donating electrons or hydrogen atoms. Despite its potent in vitro activity, its in
vivo effect is limited by several factors, including low absorption, low

bioavailability, and high purification rate.
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Carotenoids are non-enzymatic antioxidants that play an essential biological role
because they protect the photosynthetic apparatus of plants against damage from
light and prevent damage due to photosensitivity in bacteria, animals, and humans
(35). Besides, they reduce genetic damage and malignant transformations, inhibiting
tumor induction caused by UV rays as well as chemical agents, and reduce pre-
malignant lesions in humans. Its primary free radical stabilization mechanism is
determined by its ability to stabilize singlet oxygen and convert it once again into a
less reactive form (triplet) (31)(33).

1.4. Medicinal plants

For several years, medicinal plants have different purposes, such as food
preservation, pharmaceutical products, alternative medicine, and natural therapies.
Each of its properties has focused on developing new alternatives for the health field
(36). Nowadays, the consumption of natural antioxidants, antibacterial, cytotoxic,
antiviral, fungicidal, and nutrient agents has increased (7). Medicinal plants are
composed of active principles that are absorbed, metabolized, distributed, and

excreted following the same routes as drugs.

Many studies in the XXI century where the search focuses on different natural
resources, mainly plants. Due to their richness in compounds with different
activities, including the ability to inhibit microorganisms' growth caused by various

infectious diseases (37).

In research carried out in the last decade in our country, the Encyclopedia of Useful
Plants of Ecuador indicate that of the 5,172 useful species (plants of which uses have
reported), 60% are medicinal, 55% are raw material, 30% are edible, and 20% were
used in social uses, which include religious rites and similar practices. The sum of
these percentages exceeds 100%, which amounts to more than 3,000 species

approximately (38).

In a study carried out on medicinal plants used in specific communities in the
provinces of Azuay, Cafar, and Loja, for gastrointestinal disorders, in which

interviews were conducted in 17 communities, the plants used were collected with
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the respective ethnobotanical records. One hundred twenty-five drugs and botanical
samples were collected from 43 families, 92 genera, and 117 species. Of these, there
are 80 samples of native plants, 39 introduced, and three endemics, where it was
found that the most used plant parts were the leaves, followed by the stem and
flowers, to a lesser extent the roots, young shoots, fruits, and seeds. This study
indicates that the population uses a considerable number of medicinal plants for
gastrointestinal disorders. The plants that are frequently used are culantro and
trinitaria, both native plants. There have also been ten mentions for some widely
distributed plants, such as ortiga or chini, manzanilla, hierba buena, and paico, the

latter frequently used together (39).

In another study carried out in peasant communities in the rural area of the San
Carlos parish, Quevedo, Los Rios Province, it was determined that 43 species of
plants had medicinal use, the leaves were the most used structures (76.7%), the form
of the principal preparation was the infusion (83.7%), and the most used route of
administration was the drink (86.0%). The best-represented category of medicinal
use is related to the gastrointestinal system (44.2%). Among the most used
medicinal plants are lemon verbena (Cymbopogon citratus), oregano (Origanum

vulgare), and hierba buena (Mentha Sativa) (40).

In several countries, medicinal plants' study is developing widely because its
purpose is to be used in the health sector. For example, in Brazil, a list of 71
medicinal plants was released by the Ministry of Health to research and develop

medicines based on these plants for use in the Unified Health System (41).
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1.4.1. Aloysia citrodora

Figure 1. Aloysia citrodora (42)
1.4.1.1. Taxonomy (43)

Kingdom Plantae
| Division | Angiosperms
| Class I Equisetopsida C. Agardh
| Order | Lamiales Bromhead
| Family | Verbenaceae
| Genre | Aloysia
| Species | Triphylla
| Scientific name | Aloysia citrodora

Table 2. Taxonomy of Aloysia citrodora
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1.4.1.2. Description

Aloysia citrodora known as Cedron is native to South America and belongs to the
family Verbenaceae and the genus Aloysia (43). It is a perennial plant, widely used

in traditional medicine (44).
1.4.1.3. Chemical composition

It is one of the richest plant species in terms of essential oils, whose main
component is citral, a mixture of geranial and neral isomers (45). Its fragrance is
due to this compound, generally extracted from its leaves. The presence of
flavonoids such as salvigenin, eupapholine, cirsiol, eupatorin, hispidulin, apigenin,
diosmetin, among others, has been recorded as well. Besides, lemon verbena
contains heterosidic iridoids, such as geniposidic acid, derivatives of
hydroxycinnamic acid (7%), especially verbascoside (5%) and mucilages, tannins

and alkaloids, nonanal and phytosterols (42).

In a study carried out in Argentina, they used several species of Aloysia for the
extraction of their essential oils. The main components isolated from leaves and
flowers were myrcenone (31-37%) and a-thujone (13-17%) (46)(45). On the other
hand, a Turkish species, after studying its essential oil from dried leaves and stems,
contained limonene (15-19%), geranial (12-19%), and neral (6-8%), together with
the sesquiterpenoids arcurcumene (5-6%), 3-caryophyllene (3.5-4%) and its oxide
(3-5%), and spatulenol (4-4.5%) (47)(48).

1.4.1.4. Medicinal properties

Lemon verbena is used in traditional medicine thanks to its multiple healing
properties. It is mainly used to treat problems related to the digestive system, such
as flatulence, diarrhea, and it helps to stimulate digestion. Concerning the nervous
system, it is beneficial for sedation, treating seizures, cramps, and involuntary
contractions of the skeletal muscles. In addition, it relieves inflammations of the
respiratory tract such as those related to bronchitis, asthma, pneumonia, and others.
Most of the time, infusions or tea is used to treat each of these pathologies. Leaves,

flowers, and stems are recollected for its secondary metabolites extraction.
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In some countries such as Argentina, Brazil, and Uruguay, lemon verbena is used
as a mild sedative to deal with insomnia (48). The use of this species is widespread
as a cardiotonic and stimulant treatment in Paraguay and as an emmenagogue in
Brazil. The infusion of the leaves is used in Bolivia when someone suffers from

“fear” by using hot water cloths to make the patient feels better.

Throughout Latin America, USA, and Western Europe, Aloysia citriodora is
widely commercialized and can be found in various presentations, as drinks, tea
bags, or desserts (because its leaves are used as a flavoring). In recent years its
essence has been used in the perfumery, although there are still several limitations,
and adjustments are still being made so that this product becomes more widely

available in the coming years (42).
1.4.1.5. Pharmacological effects

Using the method of extraction, maceration, with polar and apolar solvents
(methanol and hexane) they obtained the bioactive components of lemon verbena.
Subsequently, they were tested against pathogenic organisms such as E. coli, S.
aureus and P. aeruginosa to demonstrate the presence of antimicrobial activity
(44).

In a study conducted in Argentina, essential oils of this species from a farm were
used, and it was demonstrated that oils that appear to be derived from oxygenated
terpenoids, such as alcoholic and phenolic terpenes, shows an antimicrobial effect.
The antimicrobial activity of essential oils was tested against Gram-positive and
harmful bacteria and yeasts. The results showed that yeasts were the most sensitive
microorganisms to the effect of essential oils, followed by Gram-positive bacteria,
and finally, the Gram negatives (44).

Finally, the presence of antioxidant activity was also demonstrated for high
concentrations of lyophilisate from the infusion. This effect has been related to the
presence of phenolic compounds, in particular, derivatives of verbascoside and

luteolin.
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1.4.2. llex Guayusa

Figure 2. llex Guayusa Loes (49)

1.4.2.1. Taxonomy (50)

Kingdom Plantae
| Phylum | Magnoliophyta |
| Class | Equisetopsida C. Agardh I
| Order I Aquifoliales Senft I
| Family | Aquifoliaceae I
| Genre | llex L. I
| Species | Guayusa I
| Author | Loes I
| Scientific name | llex Guayusa I

Table 3. Taxonomy of llex Guayusa
1.4.2.2. Description

Ilex Guayusa is one of the most widely used plant species in traditional medicine.
Guayusa belongs to the family Aquifoliaceae and the genus llex (50). It is wild-
growing part of the forest ecosystems of the Amazon, but management and

cultivation of llex guayusa are carried out traditionally (51).
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1.4.2.3. Chemical composition

Several studies have shown that Ilex Guayusa leaves have methylxanthines,
phenols, carotenoids, tannins, reducing sugars, steroids, terpenes, flavonoids,
quinones, among others (52). The presence of phenols in this species is of great
importance due to the biological effects that these compounds entail, which can be
of great benefit to humans. The presence of 14 phenolic compounds has been
registered, including hydroxycinnamic acids (p-coumaric, caffeic, ferulic acids,
among others) and flavonoids (quercetin-3-O’Hexose). Hydroxycinnamic acids
eliminate free radicals, acting as antioxidants, and this is precisely the property

that confers their neuroprotective and anticancer activity (53).

Other compounds are carotenoids (B-carotene, a-carotene, violaxanthin,
neoxanthin, and lutein) and methylxanthines (caffeine, theophylline, and
theobromine). Methylxanthines come from the purine ring that is formed through
the condensation of a pyrimidine with an imidazole. Also, they have a crystalline
structure and their molecular formula is C3H4N2 (52)(53)(54).

1.4.2.4. Medicinal properties

Guayusa is part of the forest ecosystems of the Amazon and has been used by
several indigenous nationalities to carry out ancestral rituals and also for the
preparation of medicinal beverages (55). Being an aromatic plant, it is used to
make hot beverages such as tea, in which different vitamins, minerals and
antioxidants are included (53). In the case of rituals, it is said that natives made
infusions with this plant very early in the morning with the aim of transmitting the
values, culture, survival techniques, and traditions to their descendants that were
transmitted from generation to generation in the past (55). For this reason, it is

considered a sacred plant and is widely used in the Amazon region.

Since ancient times, llex Guayusa has been used as a powerful natural energizer
as many of the indigenous people ingested this infusion before hunting, collecting

plants, or generally carrying out their activities (56).
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Over the years, this plant has been used for new medicinal purposes to treat various
pathologies, including venereal diseases, diarrhea, arthritis, colds, a variety of
pains, and infertility (49)(55). Likewise, the presence of carotenoids in health
improves the immune response towards pathogens such as bacteria, viruses, and
fungi (53). It also contributes to the reduction of degenerative diseases such as

cancer and cardiovascular diseases.
1.4.2.5. Pharmacological effects

The solid extract of llex guayusa was tested in strains of Porphyromonas gingivalis
ATCC (American Type Culture Collection) 33277, Fusobacterium nucleatum
ATCC 25586, and Prevotella intermedia ATCC 25611 to demonstrate the presence
of antimicrobial activity. These pathogenic organisms are associated with
periodontal disease, that is, inflammation of the gums. In another study, it was
observed that methanolic extracts of llex guayusa leaves have significant activity
against Candida albicans and the hydroalcoholic extracts against Microsporum
canis. This study was performed using plant species from llex Guayusa from the
Northeast of Peru through a maceration technique (53).

In addition, the solid extract obtained by the ultrasound-assisted extraction
technique (EAU) revealed its antioxidant activity. Elimination tests with 2,2-
azinobis (3-ethylbenzothiazoline) -6 sulfonic acid (ABTS) and the antioxidant
reducing power of iron (111) (FRAP), demonstrated the antioxidant capacity (57).
Each of its antioxidant properties can be related to the presence of phenolic

compounds and flavonoids.
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1.4.3. Croton lechleri

Figure 3. Croton lechleri (58)

1.4.3.1. Taxonomy (59)(60)

Kingdom Plantae
| Phylum | Magnoliophyta |
| Class | Magnoliopsida |
| Order | Celastrales |
| Family | Euphorbiaceae |
| Genre | Croton |
| Species | Lechleri |
| Scientific name | Croton Lechleri |

Table 4. Taxonomy of Croton Lechleri
1.4.3.2. Description

Croton lechleri, also known as sangre de drago is a native species of the Amazon
region and has numerous medicinal properties; for this reason, it is widely used in

traditional medicine. It belongs to the family Euphorbiaceae and the genus Croton
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(60). In addition, it is known throughout South America by multiple names such as
sangre de drago, palo de drago and Balsa macho (61).

1.4.3.3. Chemical composition

Several studies show that Croton lechleri has a large number of compounds, mainly
its latex, including alkaloids, phenolic compounds, polyphenols, and quinones (62).
The alkaloids’ presence, especially of Taspina, is of utmost importance because they
have pharmacological properties demonstrated in various investigations. Its bark
contains diterpenes (type clerodano) such as hardwickiic acid, bincatriol,
crolechinol, crolequinic acid, korberine-A, and korberine-B. Moreover, the leaves
and roots contain mostly alkaloids. In addition, the essential oil obtained from
Amazonian Ecuador included seventy-four compounds such as sesquiterpenes
sesquicineole, a-calacorene, 1,10-di-epi-cubenol, [B-calacorene, epi-cedrol, p-

cymene, limonene, and borneol (63).

In other research, several compounds of several molecular sizes have been isolated
from sangre de drago. Such as catechin, epicatechin, gallocatechin, epigallocatechin
(monomeric flavan-3ols) and proanthocyanidins (64).

1.4.3.4. Natural properties

Various investigations show that the latex of Croton lechleri has antibacterial, anti-
inflammatory and healing properties, among others, due to their metabolites such
as catechins, proanthocyanidins oligomeric ( lignans) and alkaloids ( taspine),
which help with antimicrobial activity, allow healing, work as antivirals, anti-
inflammatories, anti-ulcer medications, and help with diarrhea
(64). Furthermore, its chemical components such as flavonoids provide
various biological activities, including anti-inflammatory, antibacterial, anti-
allergic, antiviral, antithromboticand as a vasodilator. Proanthocyanidin, also
known as “condensed tannins” with antioxidant, antibacterial properties inhibit the
adhesion of bacteria. In the same way, it helps to prevent cardiovascular diseases by
granting vascular permeability and avoiding free radical damage in the
arteries. Additionally, the metabolites have antioxidant, anti-allergic, anticancer,
anti-inflammatory, and antimicrobial properties (63). The antimicrobial effect
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of polyphenols is evidenced by inhibition of the development of microorganisms
that affect human health, including Helicobacter pylori, Escherichia coli and

Staphylococcus aureus (65).
1.4.3.5. Pharmacological effects

Several  studies support the antiviral and antibacterial actions  of
Croton lechleri  latex in in vitro research due to the presence
of polyphenols, polyacetylenes, flavonols, terpenoids, steroids, alkaloids,
propolis, chloroquine acid, cooberins A and B and 1,3,5-trimethoxybenzene potent
against Bacillus subtilis (63). The antibacterial activity was also ratified for
phenolic compounds, flavonoids, anthocyanins (58).

It should be noted that sangre de drago presents antimicrobial activity against Gram-
positive bacteria, such as Staphylococcu aureus ATCC 6538. It is considered that
the latex of Croton lechleri has biological activity, especially antimicrobial, anti-
inflammatory, healing, antioxidant and cytotoxic effects. At least 25 of the chemical
compounds responsible for the antimicrobial action against Gram positive bacteria
would be the phenolic compounds. Cai et al.evaluated the cytotoxicity and
antibacterial activity in three in vivo tests of Croton lechleri (62). The results show
that latex lacks cytotoxic activity and confirms that phenolic
and terpenic compounds are responsible for the antibacterial effect. Finally, the
presence of polyphenols (gallic acid) and catechins contribute antioxidant, anti-
allergic, anticancer, anti-inflammatory, and antimicrobial  properties
(58). Likewise, the antimicrobial activity of phenolic compounds is related to their
concentration, and the action mechanism consists of destroying the cell wall and
membrane by inactivating the enzyme systems. Therefore, phenols have
bacteriostatic or bactericidal, fungicidal, and viricidal activity. Being influential

in Gram positive bacteria (64)(65).
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1.4.4. Clinopodium nubigenum

Figure 4. Clinopodium nubigenum (66)

1.4.4.1. Taxonomy (67)

Kingdom Plantae
| Class | Equisetopsida C. Agardh
| Subclass | Magnoliidae Novak ex Takht
| Order | Lamiales Bromhead
| Family | Lamiaceae Martinov
| Genre | Clinopodium L.
| Species | C. nubigenum

Scientific name

Clinopodium nubigenum

Table 5. Taxonomy of Clinopodium nubigenum



1.4.4.2. Description

Clinopodium nubigenum, commonly known as Sunfo, sunfillo, surumba is a
plant that belongs to the Lamiaceae family (67). Taxonomic synosyms are
Micromeria nubigena (Kunth) Benth., Satureja nubigena (Kunth) Brig., Thymus
nubigenus Kunth (66).

1.4.4.3. Chemical composition

Various studies show that Clinopodium nubigenum contains secondary
metabolites such as alkaloids, tatinos, saponins, flavonoids, anthraquinones,
coumarins, triterpenes and steroids, such as cardiotonic glycosides (68). Its
essential oils contain borneol, borneol acetate, butyric acid, carvacrol, citroneol,

p-cymene, geraniol, limonene, nerol, valeric acid and acetic acid (69).
1.4.4.4. Medicinal properties

Sunfo is a plant widely used in traditional medicine for relieving stomach pain,
muscle pain, and respiratory diseases (70). As it is an aromatic plant, many
people make infusions to aid in digestion. It is used to treat chills and also to

make aromatic extracts (69).

In several indigenous communities of the Andes region, such as Saraguro and
Quechua, this plant has been used to treat colds as well as the flu. Furthermore,
people in several other provinces have adopted the same usage. However, in
Cariar, they use this plant as a tea infusion to treat urinary incontinence, especially
in children and older people. At other localities of the provinces of Tungurahua,
Azuay, and Chimborazo, Clinopodium nubigenum has been used as a tonic as

well as a remedy for menstrual symptoms (71).

As this plant can be found in the field, it has always been used for its
pharmacological properties. For example, it serves as an anti-inflammatory,
analgesic, antioxidant, antibacterial and helps to provide strength and as a
sedative (72).
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1.4.4.5. Pharmacological effects

For the antimicrobial resistance test, used sunfo essential oil extract against four
ATCC certified strains of Gram-positive bacteria: Staphylococcus aureus
ATCC®: 25923 ™, Streptococcus pyogenes ATCC®: 19615 ™, Streptococcus
pneumoniae ATCC®: 49619 ™ and Streptococcus mutans ATCC®: 25175 ™
(68). In this experiment the presence of antimicrobial activity was shown;
however, the essential oil extract was more effective against S. mutans, S.
pyogenes, S. pneumoniae, and less so with S. aureus strains. Furthermore, the
presence of antioxidant activity attributed to the presence mainly of carvacrol

acetate was evidenced, but it may also be due to other compounds (69)(72).
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CHAPTER Il

2. METHODOLOGY

The present research work has the aim of making a comparison of the antimicrobial
properties of four native plants (llex guayusa, Aloysia citrodora, Clinopodium nubigenum,
Croton lechleri), from studies carried out in Ecuador. The following obtained document was
based on national and international protocols with bibliographic research and information

analysis and synthesis.
2.1. Bibliographic search and information analysis

Academic search engines were used with the following keywords: antimicrobial

properties, llex guayusa., Aloysia citrodora, Clinopodium nubigenum, Croton lechleri.

Indexed journals, databases, publications of international organizations were used as
information sources. Among the databases used are the following: National Center for
Biotechnology Information (NCBI), Latindex, SCiELO, Science Direct, Google Scholar,
Scopus, and Springer. In addition, articles and publications from international
organizations and institutions were obtained: World Health Organization (WHO), Food
and Drug Administration (FDA), Food and Agriculture Organization of the United
Nations (FAO), and BioMed Central (BMC). While the public information was collected
from the Ministry of Health, Ecuadorian articles referring to antimicrobial activity in the

four native plants of Ecuador were also reviewed.

Mendeley is a reference manager that allows management and share bibliographic
references, research documents, find new connections, and documents permit the

classification of information.
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3. RESULTS AND DISCUSSION

3.1. Antimicrobial Resistance

The antimicrobial properties of a plant are its ability to kill microorganisms, or in turn,

inhibit their growth. They can be grouped in different ways, one of the most important

ones is according to the microorganisms they act on; for example, antibiotics are used

against bacteria, antivirals are used against viruses, and antifungals against fungi
(73)(Table 6).

Table 6. Comparison of the antimicrobial properties of four native plants.

Pathogenic organisms
Plants Family Active principle Properties
Gram- positive Gram- negative
bacteria bacteria
S. aureus Helicobacter Antimicrobial
B. cereus pylori Antifungal
Verbenaceae | Phenols B. subtilis E. coli Antioxidant
Aloysia (thymol) P. aeruginosa
citrodora S. Typhimurium
K. pneumoniae
P. vulgaris
S. aureus P. gingivalis Antimicrobial
Phenols F.nucleatum Antioxidant
Ilex guayusa Aquifoliaceae | Phenolic acid P. intermedia
Quinones E. coli
Helicobacter
pylori
Phenols S. aureus E. coli Antimicrobial
Clinopodium Lamiaceae (carvacrol acetate) | B. subtilis Anti-inflammatory
nubigenum Martinov Thymol Antioxidant
Alkaloids S. aureus E. coli Anti-inflammatory
(taspine) B. subtilis. P. aeruginosa Antiviral,
Croton Lechleri | Euphorbiaceae | Phenols Antimicrobial
Antiparasitic
Antioxidant
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Aloysia citrodora

Aliaga Mamani (74) shows that Aloysia citrodora exhibits antimicrobial activity
because, from its essential oil and disk diffusion method, they determined that there is
activity against E. Coli. Lemon verbena has among its main components, monoterpenes
hydrocarbons, and monoterpenes aldehydes. These act on the bacterial membrane,
increasing the permeability of the membrane to small ions. Consequently, this action
affects the membrane's structural stability and destabilizes the lipid bilayer packaging,
and causes the bacterial cell (75)

At Bazil, the essential oil of Aloysia citrodora was obtained by steam distillation.
Subsequently, the minimum inhibitory concentration of the oil was determined by the
microdilution method. Aloysia citrodora showed moderate inhibition against
Staphylococcus aureus, Candida albicans, Enterococcus faecium, and Salmonella
cholerasuis. The oil was analyzed by GC and GC-MS techniques in order to determine
the significant compounds. The organic phase was dried over sodium sulfate, filtered,
and the solvent was evaporated to dryness. The oil was solubilized in ethyl acetate for
gas chromatography and mass spectrometry analysis. The main constituents are the
monoterpenes linalol, eugenol, and thymol. These compounds are previously known for
their antimicrobial activity. However, the antimicrobial action is attributed to thymol due
to its phenolic character, causing membrane-altering activities (76).

N. Kiran Kumar (77) in their study shows that A. citrodora exhibits antimicrobial
activity against the pathogenic organisms E. coli, B. subtilis, S. aureus, K. pneumoniae,
and P. vulgaris. The minimum inhibitory concentration (MIC) was determined for the
active acetone extract using the agar diffusion method. The aqueous extract did not show
any inhibition against the microorganisms tested. However, the organic extracts showed
different levels of antibacterial activity against the organisms. The methanol extract's
phenolic content was very high compared to other organic extracts, but the antibacterial
activity was found to be higher in the acetone extract. The most significant inhibitory
activity was observed with the acetone extract with zones of inhibition ranging from 30
mm with K. pneumoniae to 37 mm with B. subtilis. These results suggest that the acetone
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fraction's total phenols can function as healthy antibacterial compounds against these

pathogenic organisms.

Seyed Mohammad Bagher Hashemi (78) in their study evaluated the influence of
ultrasonic pretreatment (continuous and pulsed), before hydrodistillation (USHD and
PUSHD), on the extraction of essential oil from dried Aloysia citriodora leaves to
determine its antimicrobial activity against Gram-positive bacteria (S. aureus and B.
cereus) and Gram-negative bacteria (E. coli O157: H7, P. aeruginosa, and S.
Typhimurium). To determine the antibacterial efficacy of essential oils obtained through
hydrodistillation, continuous, and pulsed ultrasonic-assisted hydrodistillation (USHD
and PUSHD), they measured the diameter of the inhibition zones (mm) against
pathogenic bacteria. The results showed that the zones of inhibition observed using the
essential oil extracted by USHD and PUSHD were greater than those of the HD samples
(p <0.05) due to the higher content of secondary metabolites. The S. aureus strains
showed high susceptibility to essential oils extracted by HD, USHD, and PUSHD. The
most susceptible microorganism was B. cereus with 19.64 +0.24 mm of the HD sample's
inhibitory zone, 27.57 = 0.19 mm for PUSHD at 30 or 45 min 26.92 £ 0.21 mm for
USHD at 30 min sample. However, the most resistant microorganism was P. aeruginosa
with an inhibitory zone of 10.42 + 0.14 mm for 14 HD samples, 18.84 + 0.22 mm for
PUSHD at 30 min or 45 min, and 18.32 + 0.18 mm for USHD at 30 min.

Ilex guayusa

Portela L (79) in his study, obtained antimicrobial activity from extracts of llex guayusa
against Helicobacter pylori strains in vitro study at a concentration of 1000 ug / mL. For
the biological activity tests, they used extracts of the species I. guayusa maceration in
40% ethanol, reflux in 40% ethanol and aqueous infusion. Different investigations have
revealed that the antimicrobial potential is related to the presence of different classes of
compounds, mainly phenolic, whose leading representatives are gallic, syringic, caffeic,
ferulic and p-coumaric acid. It is essential to mention that the concentrations of 500 and
1000 ug/ mL have a weak inhibitory activity, so toxicity studies for higher concentrations
should be considered.

40



In other studies, it was found that the ethanolic and hydroalcoholic extracts of the leaves
of I. guayusa have activity against strains of Candida and Microsporum canis, which

can be attributed to the presence of triterpenes, especially the rotundic acid (80).

In their study, Fredy Gamboa (53) demonstrated antimicrobial activity using ethanol
extracts of llex guayusa against pathogenic organisms associated with Periodontitis such
as P. gingivalis, F. nucleatum, and P. intermedia. The fractions obtained from Ilex
guayusa presented diverse activities on the three microorganisms studied. However,
results were too satisfactory concerning P. gingivalis, with which it showed greater
activity. Phytochemical analyzes were performed on total ethanol extracts and revealed
several classes of compounds, including phenols and flavonoids. Phenols, phenolic acid,
and quinones are the main components in plants with antimicrobial activity. Therefore,
the total extracts' phenol concentration was 57.7 mg of gallic acid per gram of I. guayusa.

Phenols are attributed to the antimicrobial activity present in this plant.

A study where the influence of the age of the leaves on the phenolic and carotenoid
compounds and the bioactivity and digestibility (in vitro) of aqueous and hydroalcoholic
foliar extracts was evaluated. When analyzing with young leaves due to its higher
phenolic content, it was shown that guayusa did not show any antibacterial activity
against E. coli ATCC 25922 or S. aureus ATCC 25923 (81).

Clinopodium nubigenum

According to analyzes carried out by Fonseca (72), antibacterial activity was obtained
from C. nubigenum essential oil for pathogenic bacteria related to respiratory infections.
A higher effect was recorded for S. pyogenes and lower one for S. mutans. One
component of its essential oil is acetate carvacrol, a monoterpenoid phenol to which the
plant's antibacterial capacity is attributed. Carvacrol inhibits the growth of various strains
of bacteria (82).

In another study carried out by Gomez (83) the antimicrobial activity of this plant was
corroborated. When carrying out tests at different concentrations of essential oils of C.

nubigenum, positive results were obtained for the antimicrobial activity against C.
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Albicans, B. Subtilis, S. Aureus and finally E. Coli and S. Abaetetuba. However, in these

latter two species, the inhibition halos were smaller in diameter.

Estefano Bedini (84) in their study, demonstrated the presence of antimicrobial activity
using the essential oil of C. nubigenum against E. coli, S. aureus, B. subtilis, Salmonella
enterica subsp. enterica serovar Abaetetuba, and C. albicans. Also, for the antimicrobial
activity test, they opted for E. coli, S. aureus, and B. subtilis strains were grown on
nutrient agar; C. albicans strain was grown on malt agar; S. enterica was grown on
trypticase soy agar. At the highest dose, which was ten pL of disc-1, the zone of
inhibition of the essential oil of C. nubigenum ranged from 14.7 + 0.7 to 45.0 £ 0.0 mm
for S. abaetetuba and C. albicans, respectively. Furthermore, E. coli presented a zone of
inhibition of 20.9 £ 0.5, 36.0 £ 4.9 for S. aureus, and finally 33.0 9 = 2.0 for B. subtilis.

In a study in Brazil, the antimicrobial activity of essential oil was demonstrated, which
inhibits Candida albicans. From the aqueous MeOH extract of the plant's aerial parts,
two nonvolatile compounds, named schizonepetoside A and schizonepedoside C, have
been isolated. They are rare glycosyl terpenoids previously isolated from only one plant
but never found before in the genus Clinopodium (71). By mass-coupled gas
chromatography (GC MS), carvacrol acetate was identified as the majority compound in

a species from Loja, Ecuador (85).
Croton lechleri

According to an in vitro study carried out by Elliot et al., Croton lechleri has been found
to have an inhibitory effect on the growth of E. coli at a 1:10 dilution, while at dilution
at 1: 100, the inhibitory effect was not manifested (86). Were found similar results when
using H. pylori. Three were commercial, using, and the remaining natural, an
antimicrobial activity test against the pathogen, was performed. The results show that
Sangre de drago inhibits the growth of Helicobacter pylori at high concentrations. Also,

not evidenced its effect in dilutions of 1/10 or more significant.(87).

In a study carried out at the Universidad Regional Autonoma de Los Andes, the addition

of C. lechleri extract to several samples of infected tissues inhibited bacterial growth,
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which indicates that this product helps prevent the bacterial proliferation that is present

before and after tooth extraction (88).

Dragon’s blood latex (Croton lechleri) shows antimicrobial activity against the S. aureus
strain. Hydrogels prepared based on chitosan-PVA, cross-linked with gamma radiation,
and soaked in hydroalcoholic and aqueous solution show antimicrobial activity against
the S. aureus strain and not against the E. coli and P. aeruginosa strains. The best results
were obtained with the hydrogels soaked with the hydroalcoholic solution of dragon’s
blood related to the better solubility of the latex components in this solvent system. The

minimum inhibitory concentration against S. aureus is 0.025¢g / 10mL (89).

In Colombia, research was carried out to evaluate the in vitro antibacterial potential of
Croton lechleri against aerobic bacterial isolates from patients with skin ulcers at the
Sanatorio de Agua de Dios, Cundinamarca, Colombia. Among the main bacterial agents
of aerobic growth that have been associated with skin ulcers are Streptococcus of groups
A and G, Staphylococcus aureus, and Pseudomonas aeruginosa. Regarding the results
obtained at the level of antimicrobial sensitivity tests, it was evidenced that the ethanolic
extract obtained an antibacterial efficacy (absence of growth) of 100% of the evaluated
bacteria: S. agalactiae, the two different isolates of S. uberis, S. sanguis, S. aureus
(ATCC); S. maltophilia, B. cepacia, P. aeruginosa, and E. coli (ATCC). Also, with the
petroleum ether extract, antibacterial efficacy (no growth) was obtained in 55.55% of
the study bacteria: S. agalactiae, S. uberis, S. aureus (ATCC) and E. coli (ATCC) (90).

The antimicrobial activity of C. lechleri is due to taspine belonging to the group of
alkaloids (91). Furthermore, the antimicrobial activity against Gram-positive bacteria

would be mainly due to simple phenolic compounds.

According to studies carried out by Cortéz & Perales (92), Aloysia triphylla has
antifungal activity against Rhizopus spp. From an oily ethanol extract of A. citrodora,
they obtained a positive inhibition result against this microorganism at a maximum

concentration of 7.2 mg / well.
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3.2. Extraction methods and solvents used

The extraction of the compounds can be carried out from fresh, dry, and semi-dry plants.

In addition, any portion of the plant can be used, that is, either leaves, stem, root, or fruit.

The most common extraction methods are maceration and Soxhlet extraction (93).

Modern methods include microwave-assisted extraction (MAE), ultrasound-assisted

extraction (UAE), supercritical fluid extraction (SFE), among others. Separation

techniques such as TLC, thin-layer chromatography, column chromatography, HPLC

are used for the isolation of the bioactive compounds. Furthermore, there are different

solvent systems available for the extraction of the bioactive compound from natural

products.

Table 7. Comparison of extraction method and solvent used of four native plants

Plants
Aloysia citrodora Ilex guayusa Clinopodium nubigenum | Croton lechleri
Steam Steam Steam
. Maceration | diatillation | Maceration | diatillation | Maceration| diatillation | Steam diatillation
Extraction
method
Ethanol
Ethyl Water Ethanol Water Methanol Water Ethanol
Solvent used acetate Ethanol Alcohol
Time ~1t03 | ~1tol8 | ~1to2 | ~3t012 | ~1to3 ~ﬁ 1010
required days hours days hours days ours ~1 to 24 hours
Dry raw
material ~2,00 to 25,00 kg ~10,00 to 80,00 g ~3,00 to 6, 00 kg None
mass (kg/g)
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Aloysia citrodora

Some researchers have studied the chemical composition and antibacterial activity of A.
citrodora essential oil using steam distillation and maceration extraction methods. It has
been possible to isolate various phenolic and flavonoid compounds responsible for
antimicrobial and antioxidant activity. In Table 7, it is disclosed that one of the solvents
used is ethanol because they are safe and non-toxic solvents. Also, to obtain high-quality
botanical extracts, drying is at 40 ° to avoid loss of compounds. The amount of raw
material required in each process is between 2.00 to 25.00 kg. In the case of maceration,
large amounts of raw material are used. Besides, in maceration, the extraction of
compounds ranges from 1 to 3 days, which represents a very long time. For steam
distillation, the extraction time lasts from 1 to 18 hours. The duration of each of the
processes varies according to the protocol established by each of the researchers. The

results obtained with A. citrodora were successful with both methods. (74).
llex guayusa

I. guayusa is one of the wealthiest plant species in phenols. Several researchers
demonstrated the phenol content using steam distillation and mashing techniques. One
of the studies reported that the leaves are disinfected with sodium hypochlorite and dried
at room temperature for an approximate period of 14 days. One of the disadvantages of
using air drying is that it can be contaminated by secondary factors such as fungi. For
this reason, the results may be altered. Such is the case of one of the studies in which it
was demonstrated that due to the volume and disinfection factors, I. guayusa did not
present activity against previously studied pathogenic organisms such as E. coli or S.
aureus. However, other studies used these pathogens and showed antimicrobial activity.
On the other hand, to obtain the bioactive extracts, the researchers used 90% ethanol in
a volume of 80 g for approximately 12-72 hours. Likewise, a chromatographic analysis
was performed to identify compounds (74). With both extraction methods, the
antimicrobial activity of |. guayusa against various pathogenic organisms can be
determined. (79).
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Clinopodium nubigenum

According to several researchers, sunfo (Clinopodium nubigenum) 's active principles
are mainly found in its essential oil, and they demonstrated this using steam distillation
and maceration techniques. It was possible to extract secondary metabolites such as
phenols responsible for antimicrobial and antioxidant activity. Also, for the extraction
of the bioactive compounds, they used methanol and ethanol at 90%. Additionally, for
the efficient and gentle removal of solvents from the samples by evaporation, they used
a rotary evaporator (68)(72). The average duration of each of the extraction processes is

a maximum of 3 days and 18 hours for maceration and steam distillation, respectively.
Croton lechleri

Numerous studies support the antimicrobial activity of dragon's blood, and it has been
achieved using the latex of the plant. Dragon's blood is one of the most widely used
products in Central and South America's tropical and humid areas. In some cases, the
researchers used leaves, bark, and latex. The latex samples were refrigerated at 4 ° C for
two weeks, during which time their analysis began from their acquisition. In the case of
the leaves and bark, the solvent used was 70% alcohol. For the isolation of the bioactive
compounds, they used the technique of thin-layer chromatography (94).

3.3. Antioxidant properties

Phenolic compounds have the appropriate chemical structure to exert an antioxidant
action, acting as free radical scavengers, such as reactive oxygen species (ROS). ROS-
mediated lipid peroxidation is a significant cause of destruction and damage to cell
membranes. It has been involved in the pathogenesis of ethanol-induced acute injury of
the gastric mucosa and processes that affect the liver, intestine, and pancreas (95).

Aloysia citrodora, its antioxidant activity, can be attributed to the presence of
polyphenols, whose chemical structure is especially suitable to act as free radical
scavengers (96). The antioxidant activity of lemon verbena essential oil was evaluated
relative to ascorbic acid by two different bleaching methods: DPPH and ABTS. There is
no further data on the antioxidant capacity in the essential oil of this plant. However, it
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has been evaluated in aqueous extracts and alcoholics, and their polyphenol content has
been determined (97).

C. nubigenum according to an investigation carried out by the antioxidant molecules
identified were carvacrol, which is a phenol, and in turn is a molecule already known to
have antioxidant activity, ubiquitous in species such as thyme and varieties of oregano
(98).

Fernando Noriega (99) assessed the antioxidant activity of Ilex guayusa through the
DPPH method. In this study, it was possible to show that llex guayusa has a greater
capacity to eliminate free radicals than Camellia Sinensis. Besides, it presented a higher
concentration of phenols. In another study, the antioxidant capacity and the polyphenol
content were determined by the ABTS and Folin-Ciocalteu methods, respectively. A
simple ANOVA analysis of variance was performed with the multiple range comparison
test (LSD) with 95% reliability. They were concluding that ethanol is a solvent that
favors the extraction of antioxidant compounds in the powder of dry guayusa leaves
(100).

Croton lechleri, has as active principles proanthocyanins (antioxidants), tannins, a lingan
called dimethyl cedrusin, and the alkaloid Taspine. Taspine has been documented as
wound healing, anti-inflammatory, antiviral, with activity against the development of

sarcomas (87).
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CONCLUSION

In conclusion, the low economic conditions and the limited accessibility of the population to
health institutions allow revaluing medicinal plants with palliative, preventive or curative
actions on some conditions or symptoms. Among these products are llex guayusa, Aloysia
citrodora, Clinopodium nubigenum, and Croton lechleri, which have been shown to have a

high pharmacological potential.

A Dbibliographic review was carried out about the characterization of the antimicrobial
properties of four native plants of Ecuador (llex guayusa, Aloysia citrodora, Clinopodium
nubigenum, and Croton lechleri) from different bibliographic sources. A great variety of
studies were found that demonstrate the great importance of continuing to carry out new

research with medicinal plants.

It is necessary to highlight the importance of choosing the techniques and methodologies to
be used to carry out investigations related to the antimicrobial activity of extracts from plants
depending on the chosen technique. The results will vary, as well as their sensitivity and
reproducibility according to the extract's characteristics. Like polarity, the secondary
metabolites obtained in each of the extracts depend on the solvent used to obtain them. These
metabolites are responsible for plants' pharmacological properties; this is reflected in the
greater efficacy presented by the ethanolic extract in most plants.The differences in
sensitivity between Gram-positive and Gram-negative bacteria are centered on the
membranes' structure and the bacterial cell wall, both at a morphological and physiological
level. In addition to these two structures, Gram-negative bacteria have an outer membrane
responsible for a certain degree of resistance against antibacterial agents. The cell walls of
Gram-negative bacteria contain peptidoglycan, exterior lipoprotein, and lipopolysaccharides,
which emerge up to the bacterial surface. In general, it is permeable without specific
selectivity. However, the outer membrane is semi-permeable, restricting the passage of

relatively large molecules, such as the secondary metabolites present in ethanolic extracts.

Regarding Aloysia citrodora, several researchers have demonstrated the presence of

antimicrobial activity against S. aureus, B. cereus, B. subtilis, Helicobacter pylori, E. coli, P.
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aeruginosa, S. Typhimurium, K. pneumoniae, and P. Vulgaris. Lemon verbena has among its
main components, monoterpenes hydrocarbons and monoterpenes aldehydes. These act on
the bacterial membrane, increasing the permeability of the membrane to small ions.
Consequently, this action affects the membrane's structural stability, destabilizes the lipid
bilayer packaging, and causes the bacterial cell. Also, it is attributed to other properties such

as antifungal and antioxidant.

I. guayusa is one of the wealthiest plant species in phenols. Several investigators have
demonstrated antimicrobial activity against S. aureus, P. gingivalis, F. nucleatum, P.
intermedia, E. coli, and Helicobacter pylori. Phenols, phenolic acid, and quinones are the
main components in plants with antimicrobial activity. A study where the influence of the
leaves' age on the phenolic and carotenoid compounds and the bioactivity and digestibility
(in vitro) of aqueous and hydroalcoholic foliar extracts was evaluated. When analyzing young
leaves due to its higher phenolic content, it was shown that guayusa did not show any
antibacterial activity against E. coli ATCC 25922 or S. aureus ATCC 25923.

According to several researchers, sunfo's active principles are mainly found in its essential
oil. The antimicrobial activity has been demonstrated against S. aureus, B. subtilis, and E.
coli. One component of its essential oil is acetate carvacrol, a monoterpenoid phenol to which
the plant's antibacterial capacity is attributed. Carvacrol inhibits the growth of various strains
of bacteria. Other properties attributed to it are anti-inflammatory and antioxidant.

Croton lechleri is one of the most popular plants used in the tropical, humid areas of Central
and South America. It was possible to demonstrate its antimicrobial activity against
pathogenic organisms such as S. aureus, B. subtilis, E. coli, and P. aeruginosa. Dragon's
blood latex has several biological properties: anti-inflammatory, antioxidant, antiviral,
antiparasitic, healing, and cytotoxic activity. The antimicrobial activity against Gram-
positive bacteria would be mainly due to simple phenolic compounds. Furthermore, the anti-
inflammatory and cytotoxic activities are due to the presence of taspine in the latex, although

it is not ruled out that other compounds may be involved.
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RECOMMENDATIONS

Finally, for future research is recommended to consider using other unconventional
extraction techniques to perform antimicrobial activity tests using llex guayusa, Aloysia
citrodora, Clinopodium nubigenum, and Croton lechleri and to demonstrate the effectiveness

of each of the methods and verify the viability of each one of them.

Besides, it has been shown that several researchers must focus on studying the active
components of each of the plants to reveal, which is the specific component that acts before
each biological activity. In this way, the species' study can be facilitated, and new fields such

as the pharmacological industry can be opened.
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