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SUMMARY

Plectranthus neochilus Schltr. is a plant recently introduced in Cuba and its cultivation
has spread throughout the island due to its ethnopharmacological benefits that are
different from those reported internationally. In order to clarify such incongruence, the
present study had the general objective of evaluating the neuropharmacological activity
of P. neochilus leaves extracts cultivated in Cuba. The ethnobotanical study was based on
Tramil methodology modified and included a bibliometric analysis. The quality
parameters of the leaf and derived extracts were determined, according to the Public
Health Branch Norm 309 and 312 respectively. In vivo assays were used for the
evaluation of neuropharmacological activity; gene expression studies were performed
on whole brain samples of mice from the in vivo study using RT-QPCR techniques. The
bibliometric analysis confirmed that the use and scientific interest of the international
community on this plant are mainly focused on its antimicrobial effects. The
ethnobotanical study showed that this plant is consumed in Cuba alone or mainly with
benzodiazepines to induce or enhance its sedative and hypnotic effects. The
pharmacognostic evaluation showed a low yield of essential oils, the absence of
glandular trichomes and the presence of metabolites with a high degree of oxidation.
Among the metabolites identified were rosmarinic acid as the major compound,
flavonoids and abietane-type diterpenes, 15 of them informed for the first time for the
species, and have been reported, to be active on the Central Nervous System. The
neuropharmacological evaluation showed that the extracts modified the behavior and
motor coordination of mice. Gene expression study showed activation of the
dopamine/opioid system as well as concomitant inhibition of metabolic-energetic,
inflammatory and GABAergic signaling pathways. It confirms the traditional sedative-
hypnotic use of the species in Cuba, different from the rest of the world, and provides

the first scientific evidence on the possible pharmacological mechanism of action.
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Plectranthus neochilus Schltr. is een plant die onlangs in Cuba werd geintroduceerd. De
teelt ervan heeft zich over het hele eiland verspreid vanwege de etnofarmacologische
gezondheidsvoordelen. Opmerkelijk zijn de internationale verschillende traditionele
gebruiken tegen ontstekingen (buiten Cuba) of bij slaapproblemen (in Cuba). Om
eventuele slaapverwekkende eigenschappen van deze plant wetenschappelijk te
verifiéren, werden in dit doctoraatsonderzoek de neurofarmacologische eigenschappen
bestudeerd van extracten van P. neochilus-bladeren die in Cuba worden gekweekt en
bereid volgens GGD-kwaliteitsnorm 309 en 312. In vivo assays werden gebruikt om
neurofarmacologische activiteit te evalueren; genexpressiestudies werden uitgevoerd
met hele hersenmonsters van muizen uit de in vivo studie met behulp van RT-QPCR-
technieken. Eerst werd een etnobotanische bibliometrische studie uitgevoerd,
gebaseerd op de Tramil-methodologie. Deze analyse bevestigde dat het gebruik en de
wetenschappelijke belangstelling van de internationale gemeenschap voor deze plant
vooral gericht zijn op de antimicrobiéle effecten. Echter, in Cuba wordt deze plant alleen
of voornamelijk met benzodiazepinen geconsumeerd om de kalmerende en hypnotische
effecten te induceren of te versterken. De farmacognostische evaluatie vervolgens,
toonde een lagere opbrengst aan etherische olién in de Cubaanse cultivar, evenals de
afwezigheid van glandulaire trichomen en de aanwezigheid van metabolieten met een
hoge mate van oxidatie. Onder de geidentificeerde metabolieten bevonden zich
rozemarijnzuur als de belangrijkste verbinding, flavonoiden en diterpenen van het
abietane-type, waarvan de meeste voor het eerst voor de soort werden geinformeerd en
waarvan is gemeld dat ze actief zijn op het centrale zenuwstelsel.

Neurofarmacologische evaluatie toonde aan dat de extracten het gedrag en de
motorische codrdinatie van de muizen veranderden. De studie van genexpressie toonde
de activering van het dopamine / opioide systeem, evenals de gelijktijdige remming van
de metabolisch-energetische, inflammatoire en GABAerge signaleringsroutes. Het
traditionele sedatieve hypnotische gebruik van de soort in Cuba, anders dan de rest van
de wereld, wordt bevestigd en het eerste wetenschappelijke bewijs over het mogelijke

mechanisme van farmacologische werking wordt geleverd.
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RESUMEN

Plectranthus neochilus Schltr. es una planta de reciente introduccién en Cuba y su cultivo
se ha extendido por toda la isla debido a sus beneficios etnofarmacolégicos que son
diferentes a los reportados internacionalmente. Para esclarecer tal incongruencia, el
presente estudio se trazé como objetivo general evaluar la actividad neurofarmacologica
de los extractos de la hoja de P. neochilus cultivadas en Cuba. Se parte del estudio
etnobotanico, segin metodologia Tramil con modificaciones e incluyé un analisis
bibliométrico. Se determinaron los parametros de calidad de la hoja y de extractos
derivados, de acuerdo a la Norma Ramal de Salud Publica 309 y 312, respectivamente.
Para la evaluacion de la actividad neurofarmacolégica se emplearon ensayos in vivo; los
estudios de expresidon de genes se realizaron con muestras de cerebro completas de
ratones procedentes del estudio in vivo mediante técnicas de RT-QPCR. El andlisis
bibliométrico confirmé que el uso y el interés cientifico de la comunidad internacional
sobre esta planta, se centran principalmente en sus efectos antimicrobianos. El estudio
etnobotanico demostré que esta planta se consume en Cuba sola o principalmente con
benzodiazepinas para inducir o potenciar sus efectos sedantes e hipnoéticos. La
evaluacion farmacognoéstica evidencié un bajo rendimiento de aceites esenciales, la
ausencia de tricomas glandulares y la presencia de metabolitos con un alto grado de
oxidacién. Entre los metabolitos identificados, estdn el Acido rosmarinico como
compuesto mayoritario, los flavonoides, y diterpenos tipo abietanos; 15 de ellos son
informados por primera vez para la especie y han sido reportados como activos sobre el
Sistema Nervioso Central. La evaluacion neurofarmacoldgica mostré que los extractos
modificaron el comportamiento y la coordinacién motora de los ratones. El estudio de la
expresion génica, demostro la activacion del sistema dopamina/opioide, asi como la
inhibicién concomitante de las vias de sefalizacion metabdlico-energética, inflamatoria
y GABAérgica. Se confirma el uso tradicional sedante hipnético de la especie en Cuba,
diferente al resto del mundo y se aportan las primeras evidencias cientificas sobre el

posible mecanismo de accion farmacoldgico.
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CHAPTERI. Introduction and research objectives

CHAPTER L. Introduction and research objectives

.1 Introduction

During evolution, the human nervous system (NS) developed into an extraordinarily
complex and highly specialised structure, capable of regulating and executing multiple
processes. It is composed by two main functional structures: the Central Nervous
System (CNS) and the Peripheral Nervous System (PNS). The CNS control the physical
movements, the integration, and correlation of different types of sensory information,
and the secretion of hormones, while PNS is the responsible for transmitting nerve
impulses to the thirty-one pairs of spinal nerves, communicating the brain with the rest

of the body.

Within the wide range of CNS disorders, close association have been observed for
insomnia and anxiety, which reinforce each other. This implies that the existence of
persistent insomnia generally induces states of anxiety and, in turn, persistent states of
anxiety generate insomnia. Epidemiological studies estimate that the relationship
between the appearance of sleep disturbances and anxiety disorders can reach up to

42%1.

International statistics indicte that more than one-third (up to 50%) of the worldwide
adult population suffers from sleeping problems 50%); ranking insomnia as the most
common symptom of mental distresssl. Those values change between regions and
instruments/classification criteria, but most of them agree that gender (female) and age
(elderly) are the most common somatic conditions associated with insomnia. Others
highlight the biopsychosocial factors as vulnerability, due to lower-income or limited
education. Some co-morbidities such as diabetes, hypertension, heart diseases, chronic

pain, psychiatric disorders and cancer have been associated as well.

On the other hand, anxiety disorders affect 10 to 25% of the total population.
Experiencing physiological or moderate anxiety can help us to stay focused, to be

cautious, or to face challenges, to support stress resilience. Only an imbalance of this
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normal response evolves into a pathological status, so-called anxiety disorders. Those
worries or physical symptoms cause clinically significant distress or impairment in
social, occupational, or other important areas of activitysl. The prevalence of anxiety
disorders also varies by culture, with rates in European/Anglo-Saxon cultures almost
double those in African ones. Prevalence rates also vary by gender, with women
statistically more likely than men to develop an anxiety disorder at some point in their
lives. With the emergence of the COVID-19 pandemic, an environment was created in
which many triggers of poor mental health were exacerbated and anxious disorders

became the sixth leading cause of worldwide disabilityel.

The high prevalence of insomnia and anxiety, their significant association with a
deterioration in the quality of life, the increased likelihood for developing behavioural
and mood disorders, as well as the enhancement of other co-morbid pathologies
represents an increased economic cost to society (reduced productivity, absenteeism,
care consumption, increased work and domestic accidents), and has become a health

concern.

Different psychological and pharmacological approaches, alone or in combination, have
been used to treat insomnial”l and anxiety®l. However, within all the possible treatments
for each discomfort, two of them stand out as common to both pathologies: cognitive-
behavioural therapy (as a psychological treatment), and benzodiazepine intake
(selective pharmacological therapy)®. This seems logical considering the strong
relationship between the appearance of sleep disturbances and anxiety disorders (up to
42%) and its reciprocal induction. As a consequence, preclinical tests for both disorders
show much similarity, making it difficult to define a specific test for the evaluation of a
specific activity, giving place what is known as Preclinical Behavioural Tests.
Nonetheless, both kinds of therapies are expensive, and due to the early onset of
symptoms, chronicity, and high rate of associated comorbidity, it is essential to develop

new safe and effective alternative treatments based on medicinal plants.
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The traditional folk use of medicinal beverages to treat insomnia and anxiety disorders
is ancestral, being transmitted from generation to generation, making
phytopharmaceuticals a fundamental resource of Natural and Traditional Medicine
Systems. That is why the research on the medicinal plants used in developing countries
for treating those central nervous systems ailments emerged as a viable cost-effective

alternative to face up the deficiencies of conventional drugs/to.

P. neochilusis is an aromatic and succulent species belonging to the Lamiaceae family. It
is endemic to South Africa and Namibia and is commonly known as "blue coleus" or
"lobster flower" by the Angloamericans, "muskietbossie" by the Africans and "boldo-
rasteiro” by the Portuguesiii. It is traditionally used in African and Brazilian folk
medicines to treat skin diseases, respiratory ailments, digestive disorders, liver failure,
and dyspepsial213. Pharmacologically, it has been shown to be a potent antimicrobial
due to the presence of its essential oilsi#151, besides its characteristics as a

phytoremediator(1s], antioxidant3], cytotoxici¢l and a-glucosidase inhibitor(7.

The recent introduction of the species P. neochilus in Cuba has been recognized by the
Enviromental, Sciences and Technology Ministry in 201608l Its cultivation has rapidly
expanded throughout the island due to its ethnopharmacological benefits mainly to treat
anxious and sleep disorders, which seem to be different from what is worldwide
reported®.. Due to the poor description of the ethnobotanical and pharmacological
properties of P. neochilus since its introduction in Cuba, the purpose of this work is the
characterisation of the ethnobotanical use, the determination of the phytochemical
composition and the evaluation of the neuropharmacological effect leaves extracts of
cultivars growing in Cuba. In addition, the scientific evidence obtained will contribute to
the formulation of recommendations for the effective of this plant by the Cuban
population. Under this premise, the following research poses the following scientific

problem:

Scientific problem: The fragmentary information on the traditional medicinal use of

the extracts from leaves of the species P. neochilus in Cuba and the absence of
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experimental scientific evidence of its neuropharmacological activity limit its effective

use.

Hypothesis: The neuropharmacological evaluation of the extracts from leaves of P.
neochilus will provide the first scientific evidence supporting its ethnopharmacological

use, drawing the first steps for a future natural treatment.
According to the above-mentioned, the General Objective of this research was:

General Objective: To evaluate the neuropharmacological activity of leaf extracts from

P. neochilus cultivars in Cuba.
For this general objective, three Specific Objectives were defined:

1. To characterize the ethnobotanical use of the species (Chapter IV).

2. To determine the quality parameters of the drug and leaf extracts of the species
(Chapter V).

3. To determine the neuropharmacological activity of leaves extracts of the species

(Chapter VI).

I.2- Novelty of the study
The following results, which constitute a first report in the national and international

context, emerge as the most relevant scientific news of this research:

1. The first ethnobotanical characterisation of P. neochilus leaves growing in Cuba,
highlighting (regardless of the geographical area studied) a common use as a
sedative, hypnotic, analgesic, and anti-inflammatory. The sedative and hypnotic
effects of the plant are described for the first time.

2. The combined and articulated use of ethnobotanical and bibliometric studies
allowed to demonstrate that the traditional medicinal use of the species P.
neochilus throughout Cuba for sedative purposes differs from that reported in
the rest of the world.

3. Itisreported that the species P. neochilus that grows in Cuba may undergo some

morphoanatomical changes, with a direct impact on the low yields in the
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production of essential oils, and on the oxygenated chemical nature of its non-
volatile components.

4. The presence of 15 new non-volatile compounds identified in the leaf of the
species is reported.

5. A preclinical pharmacological scientific study is carried out allowing justified the
neurobehavioral effects of the traditional consumption of the leaf of the species
by the Cuban population, proposing a possible mechanism of action and thus
validating its ethnopharmacological use.

I.3- Practical relevance

P. neochilus leaves are commonly used by Cuban inhabitants to treat neurobehavioural
disorders, although so far there is no scientific evidence for its neuropharmacological
effects. Within this thesis, we found that in Cuba, the species is used for a different
purpose than its traditional use reported in other countries worldwide. Presumably,
climat specific adaptive mechanisms have been evolved for the species with impact in
their morphoanatomic structures and the chemical composition of secondary
metabolites. In this respect, different chemical patterns in Cuban cultivars support its
neuropharmacological ethnobotanical a use, supported by observational preclinical
tests in mice as well as brain molecular markers determined by QPCR-RT gene
expression. By demonstrating the modification of dopamine and opioid regulatory
systems, as well as several anti- and pro-inflammatory intermediates, this research start
to resolve a molecular mechanism of action, highlighting its promising value as a source

of bioactive metabolites with therapeutic interestfor the development of

phytomedicines with potential neuropharmacologial clinical use.

1.4- Social relevance

Inhabitants of low incoming countries are common users of their natural recourses; a
proven fact even recognized by the WHO. Since its recent introduction of P. neochilus in
Cuba, it has been extensively used to amelerioate neurological complains. That is why,
investigations focused to demonstrate scientific proof for its neuropharmacological

effectiveness and safety creates new opportunities for recommendations towards
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national public policies, aiming or discouraging its empirical use and at the same time

contributing to enhance the Cuban natural cultural heritage.
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II.1.- Nervous System. Overview

During evolution, the nervous system (NS) has evolved into an extraordinarily complex
and highly specialised structure, capable of regulating and executing multiple and
diverse processes. It enables the control and performance of vegetative functions, the
perception and processing of sensory stimuli, motor response and emotions, as well as
being able to learn and store memory. For the development of these functions, the NS

requires a complex molecular cellular organisation which regulates its effector system.

The Nervous System is divided into two main parts: The Central Nervous System (CNS)
that is structured by the brain and the spinal cord and the Peripheral Nervous System
(PNS) consisting of the nerves that branch out from the spinal cord and are extended to

all parts of the body.

The basic unit of the nervous system is the nerve cell or neuron. A neuron has a cell body
and special extensions called axons and dendrites. Bundles of axons, called nerves, are
found throughout the body. Axons and dendrites allow neurons to communicate, even
over long distances20l. There are different types of neurons that control or perform
different activities. Motor neurons transmit messages from the brain to the muscles to
generate movement. Sensory neurons detect light, sound, smell, taste, pressure, and

heat, sending messages about these elements to the braini21.

Interneuronal communication takes place via an electrical signal along its axon. At the
end of the axon, the electrical signal is transformed into a chemical signal and
neurotransmitters are released into the synaptic space where the chemical synapse
occurs between an axon and the dendrite tip of another neuron. This chemical signal is
re-converted into an electrical signal that travels through the neuron and undergoes the

same conversion processes as it travels to neighbouring neuronsiz21,

The nervous system also includes non-neuronal cells, called glia. Microglias are the

resident immune cells of the brain and are located within the brain parenchyma behind
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the blood-brain barrier. They originate from mesodermal hematopoietic precursors and
are slowly turned over and replenished by proliferation in the adult central nervous
system. Glial cells perform many important functions that make the nervous system
drives properly. Glial cells support neurons, have a protective function, participate in the
movement of nerve impulses, repair and restore neuronal function, remove dead

neurons, and regulate the release and uptake of neurotransmitterszs.

Neurotransmitters are excellent chemical messengers and represent the main way of
communication between the different structures of the NS playing four main functions:
Excitatory (acetylcholine (ACh), glutamate (Glu), dopamine (DA), noradrenaline (NAd),
and adrenaline (Ad)); inhibitory (gamma-aminobutyric acid (GABA), serotonin (5-HT),
and Dopamine); neuromodulators (DA, Ach, 5-HT, histamine, and NAd); and
neurohormones (Oxytocin (Oxt), and vasopressin (ADH) as main24. On the other side,
neurotransmitter receptors can be divided into two fundamental groups: ionotropic
receptors, also called ligand-gated ion channels, and metabotropic receptors, which are
typically G protein-coupled receptors. The ionotropic receptor family (N-methyl-d-
glutamate, kinase-quisqualate, nicotinic cholinergic, glycine, and GABA), consists of ion
channels that open when bound by the neurotransmitter, which facilitates a fast
response by altering the influx of chloride, sodium, potassium or calcium causing
excitatory or inhibitory membrane potentials. In the metabotropic ones (5-HT, a and (-
adrenergic, and DA), the neurotransmitters interact with G proteins and activate
another molecule (second messenger such as cAMP) which regulates the intracellular
signal transduction, activation of protein kinases, and ion channels permiability. The
responses mediated by a second messenger system are slower and allow a more delicate

regulation of the rapid response of ionotropic neurotransmittersizs.

I1.2.- Central Nervous System Generalities
The function of the Central Nervous System (CNS) is to control physical movement, the
integration, and correlation of different types of sensory information, and the secretion

of hormones. It consists of the brain and spinal cord. The brain is composed of the
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cerebrum, cerebellum, and brainstem which are within the skull. On its side, the spinal
cord is located inside the spinal canal connected to the brain through the occipital

foramen of the skull.

The brain receives information through our five senses: taste, smell, sight, touch, and
hearing, often several of them at the same time. Gathering these messages and assigning
them a meaning; and then store that information in our memory. The brain controls our
thoughts, memory and speech, the behavioural movements of our arms and legs, and the
functioning of many organs in our body. The Cerebrum, the largest part of the brain, is
composed of the right and left hemispheres. It performs higher functions such as
interpreting touch, vision and hearing, as well as speech, reasoning, emotions, learning
and fine control of movement. The cerebellum: lies beneath the cerebrum. Its function is
to coordinate muscle movements and maintain posture and balance. By its sides, the
brainstem acts as a relay centre connecting the brain and cerebellum to the spinal cord.
It performs many automatic functions such as breathing, heart rate, body temperature,

sleep-wake cycles, digestion, sneezing, coughing, vomiting, and swallowing.

In the same way, the brain is divided into two halves: the right and left hemispheres.
They are linked by a bundle of fibres called the corpus callosum that transmits messages
back and forth. Each hemisphere controls the opposite side of the body, without
implying that all their functions are shared. The cerebral hemispheres, in turn, have
some fissures that divide the brain into lobes. Each hemisphere contains 4 lobes: frontal,
temporal, parietal, and occipital. Each lobe can be divided, again, into areas that serve
very specific functions. It is important to highlight that each lobe of the brain does not
function alone, working under complex relationships between the lobes and
hemispheres of the brain. Within the brain are pathways called white matter tracts that
connect areas of the cortex to other areas. Messages can travel from one gyrus to
another, from one lobe to another, from one side to anotherand deeper structures within

the brain.
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The brain has other important parts such as the hypothalamus, which is involved in
controlling behaviours such as hunger, thirst, sleep and sexual response, body
temperature, blood pressure, emotions, and hormone secretion. Connected to the
hypothalamus, the Pituitary gland (known as the 'master gland'), controls other
endocrine glands in the body. It secretes hormones that promote bone and muscle
growth, control the sexual development, and respond to stress. On its side, the Pineal
gland regulates the body's internal clock and circadian rhythms by secreting
melatoninizél. The thalamus serves as a relay station for almost all information to and
from the cortex and involves pain sensation, attention, alertness and memory; while the
basal ganglia work with the cerebellum to coordinate fine movements. At last, the

Limbic system acts as centre of our emotions, learning, and memory.

By its side, the spinal cord is a long cylindrical structure located in the spinal canal, and
responsible for transmitting nerve impulses to the thirty-one pairs of spinal nerves. The
brain communicates with the body through the afferent functions, in which sensations
are carried from the trunk, neck, and four limbs to the brain, and the efferent functions,
in which the brain commands the effector organs to perform a response action. It also
consists of three membranes that surround it concentrically: the pia mater, the

arachnoid, and the dura matertz7.

This strong connection between all the anatomical structures from the brain and spinal
cord is responsible for the so-called normal mental and motor behaviour, which is

affected in various mental and behavioural disorders.

I1.3.- Mental health and Anxiety disorders

Mental health, as an indivisible part of health, contributes significantly to a quality of life
and full social inclusion. Mental disorders constitute a major economic and social
burden because of the disability they produce, dysfunctionality on personal well-being,

social relationships, and productivity at work.

10
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There are several classification systems, but the most recognized are: the International
Classification of Diseases (ICD-10)28 created by the WHO and the Diagnostic and
Statistical Manual of Mental Disorders (DSM -V)is! prepared by the American Psychiatric

Association (APA).

According to the DSM-V, mental disorders are classified as:

- Neurodevelopmental disorders.

- Substance /Medication-Induced Psychotic Disorder.

- Bipolar disorder and related disorders.

- Substance / Medication-Induced Depressive Disorder.

- Anxiety disorders.

- Obsessive-compulsive disorder and related disorders.

- Acute stress disorder.

- Sleep-wake disorders.

- Substance / Medication-Induced Sleep Disorder.

- Neurocognitive disorders.

I1.3.1.- Sleep-wake disorders

The sleep-wake disorders enclosed in a single term of insomnia include all the subjective
perceptions that generate difficulty with sleep initiation, duration, intermittence,
consolidation, and quality, which occurs despite adequate conditions for sleep,
generating a daytime impairment. Due to the different ways of perception, different
classifications, and scales exist to determine it. There are also multiple psychometric
instruments based on these classifications: the Mini Sleep Questionnaire, Insomnia
Severity Index, Pittsburgh Sleep Quality Index, Athens Insomnia Scale, and Lebanese
Insomnia Scale. As a consequence of the different classifications, , the data regarding the
prevalence of the global population remain variable and depend on the applied

method291.

Despite those disagreements, insomnia is classified as the most common symptom of

mental distressisl. Although its significance is frequently underestimated, misevaluating

11
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the facts that large period of insomnia multiplies the risks for the appearance of other
medical disorders, accidents, alcohol/drug abuse, and psychiatric illnesses. This critical
panorama becomes even worse when insomnia co-occurs with other co-morbilities but
specifically other mental distress such as major depression and anxiety. Patients with
insomnia suffer from daytime impairments, reduced quality of life, and low levels of
treatment adherence; increasing healthcare utilization and costs. Some reports show
that almost 90 % of insomnia-related costs can be attributable to work absences and

reduced productivity!7.

I1.3.2.- Anxiety disorders

Anxiety is the most common and universal of emotions, a reaction of tension without
apparent cause, more diffuse and less focused than fears. It is a normal emotional state
that constitutes a habitual response to different stressful daily situations. It becomes
pathological when it exceeds the adaptive capacity causing significant discomfort with
symptoms that affect the physical, psychological and behavioural levels. The main
symptom of anxiety disorders is excessive fear or worry. Anxiety disorders can also
make it difficult to breathe, sleep, be quiet, and concentrate. The specific symptoms

depend on the type of anxiety disorder you havelf3o.

There are several types of anxiety disorders: Generalized anxiety disorder (GAD), Panic
disorder (PA), Social anxiety disorder (SAD) also called social phobia, Specific phobias
(SP) like heights or flying, Selective mutism (SM), and Medication-induced anxiety

disorder as main.

Anxiety is a multifactorial disease, with associated morbidity that makes its diagnosis
more complex. Some of the causes may be genetic since the disorders can be hereditary.
They may also be associated with chemical factors. It is suggested that anxiety disorders
may be related to faulty circuits in the brain that control fear and emotions,
environmental stress (stressful events that have been seen or experienced like abuse
and neglect in childhood, death of a loved one, etc.). Other causes associated with

anxiety disorders can be abstinence, drug use, and dependence on long-term therapy

12
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with psychotropic drugs. Among the risk factors associated with anxiety disorders
highlights having another mental disorder, such as sleep-wake disruption, depression,
post-traumatic stress disorder (PTSD), stressful or negative life events, and constant

worry about your health or that of a loved onei3132,

Different psychological and pharmacological approaches, alone or in combination, have
been used to treat insomnial”l and anxiety®. However, within all the possible treatments
for each discomfort, two of them stand out as common to both pathologies: cognitive-
behavioural therapy (as a psychological treatment), and treatment with
benzodiazepines (elective pharmacological therapy)©. There is a strong relationship
between the appearance of sleep disturbances and anxiety disorders (up to 42%) and
its reciprocal induction. As a consequence, neurobiology, neurochemistry, and genetic
markers as well as the preclinical tests used to evaluate the incidence of any
substance/drug are also similar. This makes it difficult to select a specific marker or test
for the evaluation of a specific activity, giving place to what is known as general

preclinical behavioural markers and tests.

I1.3.3.- Neurobiology, neurochemistry, and genetic markers of insomnia and
anxiety disorders.

Knowledge of the neurobiology, its neurochemical underpinnings, and the molecular
basis of insomnia and anxiety disorders remain limited. Nowadays is accepted that the
hypothalamus is the most important brain part in regulating sleep-wake functions. Sleep
onset and maintenance are generally controlled by GABAergic neurons located in the
preoptic area of the hypothalamus. These GABAergic neurons induce sleep by inhibiting
the cells involved in arousal functions, and at the same time inhibiting the cholinergic
neurons irradiates in the basal forebrain, deactivating the cortex activity. Also,
serotonin, histamine, and norepinephrine cells are inhibited by GABAergic neurons,
remaining “off” during REM sleep and playing a distinct role in the sleep-wake cycle.

Histamine has a main role in the control of arousal but a limited role in the muscle tone

13
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control, whereas norepinephrine and serotonin affect both muscle tone and arousal but

are not as tightly linked to the waking maintenance state as histamine isi3l.

Molecular and electrophysiological studies have demonstrated that neurotransmitter
receptor expression and/or function are sensitive to sleep loss. The up regulation of the
inhibitory GABAA receptor subunits could happen as a result of the prolonged discharge
of GABA neurotransmitters in the basal forebrain. Furthermore, attenuation of 5-HT1A
autoreceptor function could be explained by receptor desensitization or down-
regulation with a consequent diminution of serotonin liberation. As happened with the
5-HT1A receptor, cholinergic, histamine, and norepinephrine receptors can be down-

regulated as well4.

Mood and anxiety disorders are characterized by a variety of neuroendocrine,
neurotransmitter, and neuroanatomical disruptions. The degree of interconnectivity
between neurotransmitters liberated in the limbic circuits, brain stem, and higher
cortical brain areas seems pivotal for appearing these symptoms. The pathophysiology
of generalised anxiety disorder is significantly affected by low levels of GABA. GABA A
receptors are particularly concentrated in the medial prefrontal cortex, amygdala, and

hippocampus, all of which are involved in anxiety and fear responsesi27..

Studies showed that the regulation of GABAergic and serotonergic synaptic pathways
are involved in anxiolytic mechanisms, being identified potential compounds activating
anxiolytic mechanisms of GABAA and 5-HT receptor expressions by RT-qPCR
techniques3s3¢l. Other mechanisms explored to arrive at this result are protein-protein

interaction analysis, gene clustering, and gene ontologys..

As well as for insomnia, in anxiety disorders not only GABA and serotonin are involved,
but also dopamine which acts modulating a cortical brake and the amygdala, have an
important influence on the trafficking of impulses between the basolateral nucleus and
central amygdaloid nucleus, which activatae non-overlapping populations of D1-and D2-

dopaminergic receptors located in these structures. Behaviourally, intra-amygdala
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infusion of D1 agonists and antagonists elicit anxiogenic and anxiolytic effects,
respectively, in conditioned and unconditioned models of fear/anxiety, suggesting an

anxiogenic role of D1 receptors in the amygdala®?.

The effects of D2 agonists and antagonists suggest that anxiogenic or anxiolytic effects
can be obtained, depending on the nature of the threat experienced by the animal. It is
suggested that dopamine D1 and D2 receptors in the amygdala may have a differential
role in the modulation of anxiety. It is stated that D1 receptors may be involved in
danger recognition, whereas D2 receptors have a role in establishing adaptive responses
to cope with aversive environmental stimuliB7.Weger and Sandi suggestedthat
vulnerability to stressful situations in individuals with elevated levels of anxiety could
be caused by epigenetic alterations in neurotransmitter and neuroendocrine systems

and mitochondrial function3839],

So far, only a few association studies have been performed among patients with anxious
disorder phenotype, leaving us without a consistent conclusion about vulnerable genes
with this disease. The association of a general anxiety disorder with a variation of the 5-
hydroxytryptamine receptor 1A (5-HTR1A) gene is partially mediated by co-morbidity

with major depression40l.

The intensive search for genetic predictors of treatment has revealed a few genes,
including the serotonin receptor 2A (HTR2A) gene, dopamine D3 receptor (DRD3),
nuclear receptor subfamily group C member 1 (NR3C1), and phosphodiesterase 1A
(PDE1A), as potential markersi¢i-4+6.Regardless of the behavioural disorder, some
neurotransmitters appear as common within brain regulation distress. GABA, dopamine,
and serotonin are the most frequently involved, but also others like histamine,
adrenergic, and cholinergic ones can also participate. That is why searching the
influence of any drug or substance on the CNS trends includes the exploration of those

neurotransmitter system receptorsissi.
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I1.3.4.- Behavioural disorders and neuroinflammation

The interaction between the immune system and the central nervous system (CNS)
provides insight into possible mechanisms of how the immune system influences our
brain, resulting in different behavioural disorders7l. Cytokines play an important role in
CNS functions such as neurotransmitter metabolism, neuroendocrine function, synaptic
plasticity, and neural circuits related to mood. As soluble substances are released within
the different brain cells (e.g., microglia, astrocytes, oligodendroglia, and neurons),
modulating the neuronal activity in specific brain regions such as the amygdala,
hippocampus, hypothalamus, and cerebral cortex. As consequence, their deregulation
could lead to multiple behavioural disorders such as anxiety, depression, sleep-wake,

and cognitive dysfunction“si.

Much evidence suggests that systemic inflammation triggers a neuro-inflammatory
response characterised by sustained microglial activation?, with microglia being the
main source of cytokines in the inflamed central nervous system. Functionally,
microglial activation is defined as the release of pro-inflammatory cytokines such as

interleukin-1, tumour necrosis factor, and interleukin-61s9,

Microglial cells also produce chemokines that attract monocytes to the brain5u and
monocytes in turn produce pro-inflammatory cytokiness2. These increased levels of
pro-inflammatory cytokines in the brain may exert direct and indirect neurotoxic effects

which are somatically expressed as multiple behavioural disorders.

There is enough observational and experimental data (clinic, and preclinic as well)
showing that sleep disturbances and anxiety can be related to systemic markers of
inflammation such as reactive protein C, interleukin 6, and NFK-f factorfssl. This
relationship is likely bidirectional: systemic inflammation may mediate the association
between sleep dysfunction and adverse clinical outcomes as anxietys4. However, a more
prolonged period of awakening and/or anxiety, triggers the release of both

proinflammatory and anti-inflammatory cytokines, representing a compensatory
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mechanism to disrupted circadian rhythms and this inbalance may lead to greater

inflammation overalliss).

Recently, Heng-Zhi et al.,, investigated the effect of LPS-induced neuroinflammation on
the synaptic and non-synaptic plasticity in the basolateral amygdala (BLA) in a mouse
model of inflammation induced by lipopolysaccharide (LPS) injection. The results
showed that LPS treatment led to the activation of microglia and the production of
proinflammatory cytokines in the BLA. Furthermore, LPS treatment increased excitatory
synaptic transmission due to the enhanced presynaptic glutamate releaselss.
Additionally, LPS administration increases the immunoreactivity of the ionized calcium-
binding adaptor (Ibal) (a marker of microglial cells) in BLAG7, as well as produces

proinflammatory cytokine in the amygdalatss.

Since inflammatory condition can modulate synaptic activity involved behavioural
disorders like sleep-wake and anxiety disorders, the gene expression and/or protein
release of those markers should be monitored. This is particularly recommended when
conducting studies in the exploration of the molecular pathways associated with the

activity induced by drugs and natural extracts.

I1.3.5.- Preclinical observational methods for assessing anxious behaviour

With the continuous drug discovery pipelinesin the pharmaceutical industry, the
number of new drugs designed and/or introduced in clinical practices increases, there is
a growing need for preclinical pharmacological platformsfor the evaluation of these
products ensuring their viability and therapeutic safety. The most common
experimental biomodel used in preclinical pharmacology are rodents, due to their strong
similarity with humans in many of the systems explored, as well as their easy way of
handling and reproduction. In such a case, the assessment of behavioural changes
induced after the administration of any compound is usually designed on rodent models

based on observational estimates.
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In the observational estimates, the collected information is based on direct observation,
which is recorded by experts in short periods, ensuring the fidelity and reproducibility
of the method. They usually take into account the rodent's motor activity, behavioural
changes, coordination, sensory/motor reflexes, body temperature, as well as urination,

and defecation frequencys.

Throughout the history of preclinical trials, there has been described many
observational tests to evaluate the behavioural changes induced by a testing drug. The
most used include the Open Field Test, the intermittent observations method, the hole

board test, and the combined Open Field Test.

The Open Field Test consists of the evaluation of aspects related to the behaviour of
mice in open spaces, such as rearing, grooming, involuntary reflexes, as well as motor
activity, locomotion, and locomotion speed>. As with all methods, each group of mice is
repeatedly observed only for a short time period of one hour and compared with a
control group by a "blind" observer; being the necessity of a skilled and trained observer
for reproducible results the main method's limitations°. The Open Field Test provides
reliable results for sedative and or excitatory drugs and compounds with central

depressant and/or stimulant activity.

The method of intermittent observations was described by Ther in 1953 and was
designed to study stimulant and inhibitory drugs on the CNSie0l. The test is performed
with 3 mice since this condition implies a special social situation of the experimental
animals. This method provides reliable results for sedative drugs and compounds with

central depressant activity, such as antihistamines, neuroleptics, and hypnotics.

The hole-board test is frequently used to assess mouse behaviour related to curiosity or
exploration, and consists of measuring how many times the mouse pokes its nose into
holes in the open fields9. Benzodiazepines tend to suppress nosepocking at relatively

low doses and was explained by Boissier et al. 61, and Boissier and Simonié2i,
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The combined open-field test includes a simultaneous determination of locomotion and
curiosity levels by a modification of the hole-board test by a photo-ray system. It was
proposed by Weischer et al. as a relatively simple test, although less frequently used
than the previous onelssl. One of the challenges of the method is to correctly dissociate
the exploratory behaviour and the locomotion by the expert. It has been well described
that for the best-known stimulants, reduced exploratory behaviour corresponds with an
increase in locomotion. Also, depending on the dose, tranquilizers can reduce

exploration without affecting locomotions9.

Other preclinical tests are more focused on the evaluation of muscle coordination. One
of the most used is the Inclined Plane test, originally developed to test curare-like agents
(Anomospermum grandiflora)is4, This test was subsequently used to test compounds
related to muscle relaxation and to differentiate neuroleptics from other centrally active
drugs. This method proved to be a simple assay to evaluate muscle relaxant activity.
Nevertheless, although the tests satisfy the sensitivity and relative potency criteria, the
effects of anxiolytics are not clearly differentiated from neuroleptics or neurotoxic

compounds/s9.

Another well-used method is the "chimney test", which was introduced by Boissier et al.
as a simple test for tranquilizing and muscle relaxant activity estimationi¢s.. This test can

be used as a complementary test of others with more prevalence and acceptancels.

The Grip strength test is used to assess muscle strength or neuromuscular function in
rodents, which can be influenced not only by sedative drugs and muscle relaxant
compounds but also by toxic agents.This test allows to distinguish between a central
relaxation or a toxic effect of some substance on neuromuscular function by

simultaneous observation of animals under normal conditions59l.

At last, the most used and accepted test is the Rotarod method. Proposed in 1956 by
Dunham and Miya, infers that the skeletal muscle relaxation induced by the compound

assessed affects the rodent's ability to remain on the rotating rodiss. Many central
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depressant drugs are active in this test, such as benzodiazepines as well as neuroleptics
such as chlorpromazine or haloperidol. Therefore, the test does not distinguish between
anxiolytics and neuroleptics, but it can assess muscle relaxant potency in a wide number
of compounds. In addition, the test has been used in toxicology to test for

neurotoxicitys.

In general, most of the research evaluating the behavioural effects induced by a testing
drug or plant extracts includes at least one test from each category: Observational
exploratory behaviour and muscle relaxing tests, being the Open Field Test and Rotarod

tests are the most used in each category respectively.

I1.3.6.- Medicinal Plants used to treat behavioural disorders
Herbal beverages are worldwide used to treat various behavioural disorders. Among the

most relevant plant species used stand out:
v' Valeriana officinalis L.

Valerian roots are possibly the most studied species for its effects in relieving ailments
that cause anxiety disorders and insomnia. Preclinical studies in rats and mice,
combining observational exploratory behaviour and muscle relaxing tests have been
used to prove its anxiolytic, sleep-promoting and antidepressant activity. The elevated
plus maze observational method was used to evaluate its anxiolytic, sleep-promoting,
and antidepressant activity; whereas the forced swimming, the horizontal wire, and the
Rotarod tests were explored to define the myorelaxant and/or motor coordination and
behaviour propertiesi¢’l. Valeric acid, as the main and most active metabolite of the
plant, was also explored forits capacity regulates the genetic expression of some brain
genes using molecular RT-PCR techniques. Both, preclinical and molecular experiments
demonstrate that valeric acid inhibits the enzymatic catabolism-decomposition of
gamma-aminobutyric acid (GABA) in the brain, resulting in sedation. This sedative effect

of valerian extracts is also associated with the $3 subunit of the GABAA receptoriesl.

v’ Passiflora sp.
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Different clinical trials have confirmed the anxiolytic and sedative effects of at least six
species of Passiflora genus: P. alata Curtis., P. caerulea L., P. edulis L., P. foetida L., P.
incarnata L., P. ligularis Juss. Studies suggest that the active compounds (alkaloids such
as harmano, harmol, harmine and flavones such as apigenin, leutonin, quercetol) of the
species stimulate an increase in GABA production, indicating that the effects reported
for the genus act by a GABAergic mechanism rather than a serotonergic effectis?. The
aerial parts (flowers, leaves, and stems) are the most commonly used and can be

administered in infusions, tinctures and/or as dried material in tablets and capsules.
V' Piper methysticum G. Forst.

A kava kava leaf, a Polynesian-origin species is used to treat anxiety, stress, and
insomnia. In high doses, it behaves as an anaesthetic and hypnotic agent7071, Its main
compounds are kavalactone derivates, which in preclinical trials demonstrated its effect
through the GABAergic route since combined doses of kavain and diazepam improved
the GABA activity. Its effects have been confirmed in humans, demonstrating a decrease
in anxiety levels in patients with General Anxiety Disorders, especially in participants
with a high level of anxiety according to the Diagnostic and Statistical Manual of Mental

Disorders(72..
v Galphimia glauca Cav.

The Galphimia glauca Cav is a tropical plant from Central America whose aerial parts are
used to treat anxiety and sleep disorders. Their nor-secotriterpenes (galfimins) have
been described as inhibitors of dopaminergic activity. However, these compounds may
also interact with the serotonergic system, which could partially explain their anxiolytic
effects described abovel”3. Herrera et al. tested the anxiolytic properties of this species
using the Elevated Plus Maze (EPM) test with different sets of mice. They found that the
fraction rich in galfimine A and galfimine B showed an anxiolytic effect, due to an
interaction of galfimine B with the serotonergic system in the dorsal hippocampus,

which modulates the induced response of 5-HT1A receptors in an allosteric manner
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without affecting the GABAergic system(74. Avilés et al. performed another preclinical
trial with galfimine A in mice and observed an anxiolytic-like effect, without a sedative
effect”sl. An overall molecular mechanism was proposed by Santillan et al. who observed
that galfimines also act on the dopaminergic system but not on the GABAergic system!l,
In a clinical trial, Romero-Cerecero et al. observed the same anxiolytic effect in a study
with patients who received extract, sertraline, and alprazolam; observing a reduction in
the anxiety levels without somnolence, thus confirming the dopaminergic hypothesis as

the mechanism of action of galfimina Bi77731,
v’ Withania somnifera L.

Also known in traditional folk medicine as the Indian ashwagandha bufera and ginseng,
Withania somnifera root is a popular product used in Ayurvedic medicinel™. Its
biologically active chemical compounds include isopeletierine alkaloids, anaferine,
steroidal lactones such as withanolidines and withaferins. This species is known for its
effects as an anxiolytic and for its ability to decrease stress, with reductions in cortisol
levelsisost, Fuladi et al. suggested that ashwagandha could be used as an adjuvant to

selective serotonin reuptake inhibitors in patients with General Anxiety Disorderss2.
v’ Melissa officinalis L.

Melissa leaves are used in folk medicine as a sedative-hypnotic agent to treat insomnia
and stressisl. Their leaves are rich in essential oils and flavonoids (quercitrin,
rhamnocitrin, luteolin). Other polyphenolic compounds (hydroxycinnamic acid
derivatives, especially caffeic acid, rosmarinic acid, and protocatechuic acid), triterpenes
(oleanolic acids and ursolic), tannins, and sesquiterpenes have been informed as wellis+
87, Preclinical evidences support its effects based on the inhibition of GABAs8l, A clinical
trial with healthy volunteers proved its effects on the reduction of anxiety symptoms

and insomnia in patients with mild to moderate anxiety!#.

v' Matricaria chamomilla L.
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Chamomile flowers has been used as a traditional herbal remedy for its calming effect.
Although there are many varieties of chamomile, Roman (Anthemis nobilis L.) and
German (M. recutita L.) are the most commonly used. M. recutita L. is considered the
most potent variety and is the most frequently used to relieve depression and anxiety!°ol.
Preclinical studies suggest that its anxiolytic effect may be related to flavonoids isolated
from chamomile, which may exert an anxiolytic and antidepressant effect through
modulation of noradrenaline (NA), dopamine (DA), serotonin (5-HT), and y-amino
butyric acid (GABA)®1. It is consumed as infusions, tinctures, and/or as dry material in

tablets and capsules.

I1.3.7- Medicinal Plants used to treat behavioural disorders in Cuba

Cuba has a long and extensive tradition in the use of medicinal plants, officially
supported by a national program that approves the use of medicinal plants that grow in
Cuban and that have proved to be safe and effective. Two of the aforementioned plants
have been approved by the regulatory bureaux of the National Public Health System to
be used in the sedative category: Matricaria recutita L. (Chamomile), and Passiflora
incarnata L. A third species not included in the previous one mentioned: justicia
pectoralis L. (Linden) also belongs to this selected list of approved plantsi®2l. Justicia
pectoralis L. is popularly known as a lime tree and/or woodpecker. Its aerial parts are
characterized by the presence of coumarins, betaines, flavonoids, saponins, and amino
acids, with coumarins as the main compounds. The presence of these polyphenol
compounds has been suggested as responsible for their sedative action on the central

nervous systemi9s-%l,

Despite those approved plants, the population uses other plant extracts/beverages from
other species like the leaves of Mentha spicata L. leaves (Yerba Buena), and Moringa
oleifera Lam. (Moringa)®sl; and the aerial parts of Lawsonia inermis L. (Reseda), Ocimum
tenuiflorum L. (Purple basil), and P. neochilus; being this last species the one that

motivates the present investigation 9.
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CHAPTER III. Plectanthus neochilus Schltr. Generalities

I1I. 1. Lamiaceae family and Plectanthus sp. Generalities

The accumulated knowledge about the use of plants to alleviate ailments or for disease
treatment is a practice as old as human history. It evolved through human empiricism,
considering the effects of plant species on human health. Whereas ethnopharmacology,
cover the uses of plants with medicinal purposes, ethnobotany encompassalso as
include plant use as a nutrient, decorative, fodder, folklore, wood and coal industries
between others. Today, ethnopharmacology is the main branch of the ethnobotany since
herbal medicines constitute for many countries a therapeutic alternative, sometimes

regulated by public health systems.

Around ten percent of all vascular plants are used as medicinal plants, raising almost
half a million species®’l. All the known civilizations since the origin of human being
evolved to develop this form of medicine. The oldest medical text or report comes from
ancient Mesopotamia, circa 2600 BC, describing approximately 1,000 plants and plant-
derived substances, such as the juice of the poppy seed Papaver somniferum (Newman et
al, 2000). The ancient Egyptian Ebers Papyrus, dating from 1550 BC, also contains about
700 natural agents such as Aloe vera (aloe), whiles the Corpus Hippocraticum (Greece,
circa 460-377 BC) includes more than 400 natural agents and described their use. Many

of these herbs and formulations are still used today9s.

Until the 18th century, the therapeutic properties of many plants, their effect on the
human organism, and their method of treatment were known, but the active compounds
were unknown. Actual medicine needs an industry producing pharmaceutical medicines
largely based on the active principles of plants. However, for under developed countries
without access to this modern synthetic pharmacological medicine, traditional folk
medicine is continued based on the direct use of medicinal plants due to their low

costlol,

Studies on medicinal plants have boosted scientific research, intending to evaluate

therapeutic properties, possible mechanisms of action, and the identification of the
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chemical compounds responsible for them. The main reason is to provide evidence-
based outputs that guarantee the safe and effective use of those medicinal plant-based

remedies.

The Lamiaceae is a family of flowering plants with a cosmopolitan distribution
containing about 236 genera and approximately 7200 species. The largest genera are
Salvia (900), Scutellaria (360), Stachys (300), Plectranthus (300), Hyptis (280), Teucrium
(250), Vitex (250), Thymus (220), and Nepeta (200). It belongs to the order Lamiales
being one of the largest groups in the plant kingdomitool. It is characterised by shrubs
and herbaceous plants, therefore; an important source of ornamental, culinary, and
medicinal herbs. Usually, they produce large quantities and a variety of essential oils;

making it a group of exceptional ecological, ethnobotanical and floristic importanceltou.

The genus Plectranthus L' Her. belongs to the tribe Ocimeaem, subfamily Neptoideae, and
comprise around 300 herbaceous and subshrub species. They appear distributed mainly
in the tropical and subtropical regions of Asia, and Africas), although it is also reported
from the European and American continentsi8102. Nevertheless, the largest reserve of
this genus is located in South America, especially in Brazil(t3l. The name Plectranthus is
derived from the Greek words splektron (spur) and anthos (flower), as the flowers have
spurs at their base. Due to their smell, some species of Plectranthus are also called the

King of Mothsitoz104],

The taxonomic classification of the genus and their species has been compromised due
to the lack of morphological criteria for correct identification. This has led to numerous
taxonomic problems in the classification of species often misclassified and included in

other genera such as Coleus, Solenostemon, Englerastrum, and Isodono4.

The ethnobotanical uses are quite abundant, being around 85% of Plectranthus sp.
informed with medicinal while other important uses are horticulture, and
floricultureioz, The most commonly used species as medicinal plants are: Plectranthus

amboinicus (Lour.) Spreng, Plectranthus barbatus Andrews., Plectranthus laxiflorus
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Benth., Plectranthus mollis (Aiton.) Spreng., Plectranthus vettiveroides (Jacob.) N.P, and
Plectranthus aegyptiacus Forsssk. Its main traditional uses are to treat digestive,
circulatory, and liver disorders, as well as skin diseases, respiratory and genito-urinary
infections. Others are used to lower fevers and relieve headaches and muscular pains. At
last, many of them are used to “calm the nerves” and for the treatment of intoxications

and inflammatory processesio4,

The chemistry of the genus Plectranthus is still not well known. The main phytochemical
constituents of the genus are diterpenoids, essential oils, and phenolic compoundsttosi.
Essential oils are responsible for the fragrance, flavour, and most of their medicinal
properties according to the available scientific records. It is composed mainly of mono
and sesquiterpenes. Other non-volatile terpenoid are diterpenoids such as abdanes,
labdanes, abietanes, clerodane, and kauranes types, and triterpenoids such as: squalene,

ambrein, lanosterol and amirins(to6-108],

I1I. 2. Plectranthus neochilus Schltr.

The German taxonomist Friedrich Richard Rudolf Schlechter firstly described the
species P. neochilus in 1896. It is endemic to South Africa and Namibia. Naturally grows
in sandy to rocky areas from the Eastern Cape to Limpopo. It is an aromatic and
succulent perennial herb; with blue and/or purple flowers, and grey-green leaves
forming an attractive ground cover(1109, Grows in mainland Europe (Portugal)it3t10 and
is now naturalised in the Americas and the insular Caribbean (Cuba)isl. Within the
American continent, the largest documented population of the species is in Brazilit11-113,
followed by Venezuelaltt4. With such as distribution, it is namely and recognized with
many vernacular names highlighting: Blue Coleus or Lobster Flower for English spoken
people, Muskietbossie for Afrikaans, Ibozane for Zuli, and Boldo, Boldo-rasteiro,

Boldinho, o Boldo-Gamba by Portuguese.

26



CHAPTER III. Plectanthus neochilus Schltr. Generalities

II1.2.1- Taxonomic classification

Kingdom Plantae
Phylum  Tracheophyta
Class Magnoliopsida

Order Lamiales
Family Lamiaceae
Genus Plectranthus L'Hér

Species  Plectranthus neochilus Schltr.

Source: Méndez& Rifa, 2016
I11.2.2- Characteristics and Morphology

P. neochilus is anatomically characterised by the presence of a quadrangular stem
showing incipient secondary growth. The epidermis is uniseriate with polygonal cells in
a frontal form, being more tangential than radial. It remains as the dermal system with
an established phellogen. In the cortex, below the phellogen of the same organ, there is a
continuous cord of collenchyma. Multi-layered cortical parenchyma with chloroplasts
and small intercellular spaces can be also observed. The innermost boundary of the
cortex is represented by a single layer of large parenchymatous cells, with tangential
and radial walls which are impregnated with lipophilic substances. Vascular changes
form the xylem inwards and the phloem outwards, being active mainly in the fascicular

region and towards the xylem18.115-117],

Leaves usually appear with wrinkled margins, perinervial venation, petiole with wedge-
shaped base, membranous texture, and greenish-grey colour. Adaxial and abaxial leaf
surfaces are pubescent, with orange glands on mainly in the abaxial surface. Leaves are
also characterized by an obtuse and narrow apex, with acute base, and toothed margin;
also presents diaceous and stomatalsi7, Additionally, possesses a strong and

characteristic aromatic odour with a bitter tastel11s],

Comparative systematic investigations considered trichomes as relevant structure in
morphodiagnosis analysis, informing both types: glandular and non-glandular

trichomes. Glandular trichomes can be capitate and peltate types. Capitate ones are
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numerous and can be unicellular or multicellular. On its side, peltate ones are scarcer
and slightly sunken in the cauline epidermis. The secretion of the glandular trichomes is
lipophilic. Non-glandular trichomes are simple, multicellular and uniseriate, consisting

of three to ten cells, with an acute apex and possibly a dehydrated pedunculate cellit17.115-

121],

Flowers appear as racemose inflorescences (70-150 mm), violet coloured, with bracts
greenish with purplish tips, precociously deciduous, and angle at 25°. Distributed in 3
sessions, form whorls of six flowers dense at the top, flexible, and 5-15 mm to the
bottom and erect pedicels. The calyx emerges long in fruit of 6 mm, with a tube slightly
geniculate in the centre and expanded to the throat. The upper lips are bluish white, 2
mm long; while the lower ones boat-shaped (8-11 mm). Stamens arise united at base by
2-3 mm and thereafter, 8-11 mm long, curved with lower lip, slightly exerted. Style with
4-5 mm, slightly excerpted, nucleus ovoid and glabrous are other representative

characteristicsit8116.122],

I11.2.3Ethnobotanical usage

P. neochilus is one of those plants that belong to the worldwide arsenal of medicinal
plants. It is traditionally used in rural communities of South Africa to relieve respiratory
infections (chills, cough and runny or blocked nose). The leaves infusion and/or
decoction it is consumed alone or together with another herb Lippia javanica,
attenuating catarrhal manifestationsi?l In Brazil, it is fresh leaves are used as infusion,
decoction or aqueous extract by the population to treat skin infections, digestive
disorders, liver failure, dyspepsia and respiratory ailmentst031171, The use of fresh leaves
in the form of infusion as anti-inflammatory and anti-infective agents was also reported
by the Portuguese rural populationi*3:23l. In Cordoba, Argentina, the fresh leaves infusion
is recognised by the urban and suburban population for treating stomach ailments and

liver diseasesit24],

In Venezuela, they have nickname it as "acetaminophen”, because its leaves infusions

became popular in the treatment of cases with Chikungunya fever; referring their
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analgesic, cold and fever reducing propertiesz5126l, The urban people of French Guiana
likewise documented the presence and tradicional uses of P. neochilus to alleviate the
headache, flu and decreasing the feveriiz7l. In Cuba, the species has acquired other
nickname associated to a commercial drug: “Meprobamato”, but it is also used as

condiment, and ornamental herbis19],

Due to the ecological plasticity of the species, its ability to reproduce vegetatively
growing as a perennial herb throughout the year, its high tolerance to climatic changes
and high temperatures, and its leaves in form of an attractive ground cover; gained
adepts for the horticulture. It was also informed as air purifierizizsland used in green
roof technology; showing a decrease in canopy surface temperature, and contributing to
a low heat flux exchange in these green roofs(129.. In addition, it appears to be an effective
phytoremediator of water contaminated with the pesticide 2,4-dichlorophenoxyacetic

acidi3o and the herbicide sulfentrazonels,

I11.2.4. Chemical composition and pharmacological activities

I11.2.4.1Essential oil

The species P. neochilus characterised by the presence of essential oils, mainly
monoterpenes and sesquiterpenes. The chemical composition of these oils might change
depending on the climatic characteristics where the species grows. Lawal and Hutchings
analysed for the species growing in South Africa its volatile compounds by GC and
GC/MS; and reported the presence of monoterpenes, with citronellyl formate, linalool
and isomentone as main compounds(32, By its side, Motta et al., identified with the same
techniques, mainly monoterpenes, with a-thujene, a-pinene , and [3-pinene as majority
for the species growing in Portugal®3l. Similarly, predominance of sesquiterpenes, with a
and/or [3-caryophyllene, trans caryophyllene, germacrene D, or caryophyllene oxide

were reported for the species growing in different parts of Brazil(103.111,121133,134,

The identification and quantification of the chemical compounds isolated from essential

oils reaches great importance, as there were correlated to the main plant
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pharmacological activities. The essential oil of P. neochilus leaves showed from potent to
moderate antimicrobial activity against a broad strain of bacteria such as Enterococcus
faecalis, Streptococcus salivarus, Streptococcus sobrinus, Streptococcus sanguinis,
Streptococcus mitis, Lactobacillus casei, and Streptococcus mutans, this last one with the
highly susceptibility (MIC = 3.9 pg/mL)tti. Additionally, the antifungal effect was
reported with MIC = 125 pg/mL against Rhizopus stoloniferi:33l. Other activities that have
already been attributed to "boldo" essential oil were in vitro antiparasitic properties,

which at 100 pg/mL killed the 100% of adult Schistosoma mansoni wormsi103,

I11.2.4.2- Non-volatile components

Generally, P. neochilus is traditionally used in the form of infusion, decoction of their
fresh leaves and/or aerial parts. Nowadays there are few reports on their chemical
composition, especially for the most used aqueous extracts. Previous studies have
identified caffeic, ferulic, and coumaric acids in this solventi3l, Also, rosmarinic acid was
identified by Brito et al,, in a traditional tea obtained by decoctioni'¢l. In a hexane extract
of their stems and leaves were found some triterpenoids such as friedelin, a-amyrin,
sitosterol and stigmasterol as well as some fatty acids; while the ethanol extract is rich
in crysimaritini3sl. Recently, Matias et al., using HPLC-DAD techniques determined the
extraction capacity of different solvents (water, methanol, and acetone) and the
supercritical CO; method in the quantification of chlorogenic, caffeic, rutin, rosmarinic

acid and other secondary metabolitesit0,

From the pharmacological point of view highpoints, the potent antibacterial activity
against Gram-positive bacteria (Bacillus subtilis, Staphylococcus aureus, Staphylococcus
epidermidis, and Mycobacterium smegmatis) of the methanolic extracts from leaves.
Furthermore, acetone extracts of P. neochilus showed relevant antibacterial activity
against gram-negative Klebsiella pneumonia, highlighting that this activity it is not
necessarily exclusive of the plant essential oilsi*t0l. Within the same line, the antifungal
activity of other leaves methanolic extracts was demonstrated, exhibiting an inhibitory

concentration equivalent to EC50=20.51 pg/mL, and killing 100% Candida krusei112\.

30



CHAPTER III. Plectanthus neochilus Schltr. Generalities -,

Likewise, ethanolic extracts of fresh leaves of P. neochilus were evaluated for
antiparasitic effects showing significant leishmanicidal activity ICso< 20 pg/mL in
Leishmanial chagasi speciesi3sl, This evidence validates the traditional uses of these
plants as anti-infective agents with independence of the place where the species was
collected. The other pharmacological activity explored is the antioxidant capacity. Rijo et
al. evaluated the radical scavenging activity of several extracts modifying solvents and
methods of extraction. From the nine combinations, only those extract methanol based
were active at concentrations of 100 pg/mL with DPPH inhibition ratios of 64.9 and 62.3

% for ultrasound and maceration extractive methods!t37),

Similar results were obtained for the methanol extracts from the aerial parts of the plant
by the same method*10. Also, ethyl acetate extracts derived from leaves and stems of the
species showed antioxidant activity at a concentration of 300 ppm, but their inhibition
ratios of the DPPH radical did not exceeds 7 %, similar to was observed in the reducing

power testi3sl,

Moreover, Viana et al. reported that methane and hexane extracts derived from the
aerial parts of P. neochilus showed a marked inhibition of the enzyme
acetylcholinesterase (AChE) emerging as a therapeutic alternative to treat
neurodegenerative diseases(ssl. Similarly, other study evaluated the effects of AChE
inhibition at the muscle level, favouring gastrointestinal motility and thus the digestion
process. The AChE inhibitory action of P. neochilus water extracts was estimated in ICsg

430 £ 50 pg/mLiel.
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CHAPTER IV. Characterization of ethnobotanic study of Plectranthus

neochilus Schltr.

Modified version from the published article: Rodriguez-Ferreiro, A.O., Léon-

Duharte, D., Polanco-Duran, G., Guisado-Bourzac, F., Ochoa-Pacheco, A., & Escalona-
Arranz, J. C. (2020). Ethnobotany of Plectranthus neochilus Schitr. (Meprobamato)
in Cuba. Boletin Latinoamericano y del Caribe de Plantas Medicinales y

Aromaticas, 19(2), 236-246.

IV.1. Introduction

In underdevelopment countries, medicinal plants emerge as a valuable resource
for their health systems. Even though there is no precise way to estimate the
worldwide use of medicinal plants, the World Health Organization has calculated
that approximately an 80% of the world's population uses traditional medicine in
primary healthcare. In this estimation, phytotherapy is highlighted by its

prevalence, using not only plant extracts but also their isolated compoundsi3sl.

Ethno-botanic is the science studying how plants are used by humans with
independency of their cultures, social rank, and type of society(t3. Its
implementation allows documenting valuable information that in turn, becomes
the basis of the necessary knowledge to develop new herbal remedies. As the
information collected generally comes from ancestral uses, not only offers crucial
evidence of the plant effect and way of use but also their riskiness associated with
any type of harmful or toxicity. Its results, make it possible to design and establish
programs for its rational use, as well as for its conservation, contributing in this
way to a comprehensive species management, diminishing its

exploitation/overuse impacts on biodiversitytt4o.

The use of plants to treat Central Nervous System disorders is quite common in the
Cuban population. A study conducted by Heredia et al., in the North-eastern region
of Cuba reflects that 16 different species are used for this purpose. Within these 16
medicinal plants, Justicia pectoralis Jacq. was the most used, agreeing with its
scientific and ethno-botanic reports. The next species with attributes according the
study was P. neochilus classifying as the second in the fidelity index parameter (85
%) and as the fourth for the total number of reports. From such a diversity of

options and traditions, using plants to treat Central Nervous System disorders (16
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species, including those recognized by the regulatory bureaux of the National
Public Health System), it is remarkable and alarming from the scientific point of
view that the recently introduced P. neochilus reaches such popularity. This
panorama is aggravated when considering that this use given by the Cuban
population does not agree with the ethnobotanical information available for this
species in other latitudes. Under these facts, this study was aimed to investigate in
a bibliometric study and a comprehensive and specifically designed ethnobotanical
survey, the use that the Cuban population does to this plant species highlighting its

coincidences and divergences.

IV.2. Material and Methods

IV.2.1 General overview

This study was divided into two parts: the first one was consistent in a descriptive
and retrospective bibliometric analysis using the professional software Harzing’s
Publish or Perish v5 and Plectranthus neochilus as keyword, while the second one
consists of a descriptive and transversal ethno-botanic study about the specie

considering the three main regions of Cuba.

1V.2.2 Bibliometric study

The bibliometric analysis was developed in two moments or periods: The first
considering all the published articles until December 2018, and the second from
January 2019 until September 2022. For both moments were used the tools that

are related below:

e Software used: Harzing’s Publish or Perish v5

o Keywords used: Plectranthus. neochilus

e Database explored: Google academic

e Inclusion criteria: All hits papers with any of the following categories (Title,
Keywords, Summary) written in English, Spanish or Portuguese languages; and
hits papers dealing with ethno-botanic information, and/or chemical, and/or
pharmacological experimentation

e Exclusion criteria: Research production of the author, and papers dealing with
botanic information and/or other categories not related to ethno-botanic

information, and/or chemical, and/or pharmacological experimentation.
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e Output variables: Total number of papers, Plant collected area, and author’s

countries (main and correspondence authors).

1V.2.3 Ethnobotanical study

The ethnobotanical study encompassed the period from January 2017 to May 2018
and included 500 surveys for each one of the three geographic regions of Cuba (see
Figure IV.1), covering in total 1500 interviews. The Western Region was
represented by inhabitants of the municipality “Habana Vieja”; the Central Region
for the municipality of “Camaguey”, while the Eastern region was represented by
“Santiago de Cuba” municipality. These municipalities were included because of
their higher population levels, as well as their consumption rates of medicinal
plants. The study combined different qualitative and quantitative methods and

techniques characteristic of this kind of research.

The fieldwork (interviews) was performed by three specialists with experience in
the field of medicinal plants and community work, trained in communication

techniques and collection of ethno-botanical information.

1V.2.3.1 Description of the study areas

The municipality of “Habana Vieja” belongs to the province of Havana, Cuba.
Located in the north and central part of the province and the west of the bay, it
borders up on North with the Florida Strait, at south with “Cerro”, at the east with
“Centro Habana”, and at west with “Plaza de la Revoluciéon” municipalities. Counting
with 30.42 km?'s territorial extension and a population of 140 233 inhabitants,

being the municipality with the higher population density of Cubat+1.

Camaguey municipality belongs to the province of the same name with a
superficial extension of 1 098.58 Km? and a population of 326 743 inhabitants. On
the north border with “Esmeralda”, and “Sierra de Cubitas” municipalities, while on
the south with “Jimaguayi”, on the east “Minas” and “Sibanicti”, and on the west
“Vertientes” and “Florida” municipalitiesi41l. At last, “Santiago de Cuba” is the main
municipality of a province with the same name. Reaches an extension of 1 031.74
km? and a population estimated at 510 563 inhabitants. Located on the south side
of the island facing the Caribbean Sea, it limits to the north with the municipalities
of "San Luis" and "Songo La Maya". To the west with the municipalities of "Guama"

and "Palma" while to the east with the municipality of "Songo La Maya"i41.
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Figure IV.1. Cuban municipalities considered in the ethnobotanic study. *WGS84
projection (EPS 64326) MapInfo Professional software version 12.0.
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1V.2.3.2 Study design and test sample

The study design covered all the inhabitants of the communities and
neighbourhoods of the municipalities previously selected. In turn, the sample was
selected through a consecutive non-probabilistic sampling including people from
sexes, different ages, traditional healers, homemakers, retirees, students, and
professionals dealing with medicinal plants in the study areas. It included
participants who wished to cooperate voluntarily in the research and who knew or
had heard of the species under study. Written informed consent for all face-to-face
quizzes, especially from key sampled interviewees cohort in the sample was
obtained (traditional healers and health professionals who encourage the
consumption of medicinal plants); respecting the principle of autonomy and

guaranteeing the confidentiality of its participation.

1V.2.3.3 Data collection

Data information was collected following the requirements established in the
“Traditional Medicine in the Islands” TRAMIL methodologiesii42. Interviews were
based on a designed semi-structured questionnaire elaborated on the basis and
criteria of the objectives of this research, collecting socio-demographic and
ethnopharmacologic variables (see Annex 1). The socio-demographic variables
included sex, scholar level, occupation, and age; whereas, the ethno-pharmacologic
variables involved medicinal uses of the specie, part of the plant used, methods and
ways of preparation, concentration or plant/solvent ratios, times and consumption
frequencies, side effects noted, and concomitant consumes with conventional
drugs with actions on the Central Nervous System.

The criteria used to define the medicinal uses indicated by the interviewees were
based on the testimonies of the participants and the diseases referred by them, to

be later classified and grouped in a homogenous pharmacologic category.

1V.2.3.4 Plant authentication

As first approach, a voucher specimen was collected in each one of the regions
selected and taxonomically identified by a taxonomist from other region of Cuba.
The plant collected in Santiago de Cuba was identified by a taxonomist from
Universidad de Camagiiey (the same who informs the introduiction of the species

in Cuba). In the same way, the plant collected in Camaguey was identified by a
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specialist from the National Institute of Ecology and Systematic in Havana, and the
collected in Havana identified by a taxonomist from the Eastern Centre of
Ecosystems and Biodiversity in Santiago de Cuba (BIOECO, Spanish acronymun).
Samples of all species collected were deposited in the herbarium of each
institution: The National Herbarium of Cubain Havana (code 41856), the
herbarium “Julidn Acufia Gale” in Camaguey (code 12056); and the the herbarium
“Jorge Sierra Calzado” in Santiago de Cuba (code 147).

During the field work, the authenticity of the plant material reported by each
informant was verified when the interviewer showed a sample of the plant
material. Once confirmed by the interviewee that it is the species consumed or
consumed by someone he knows, he indicated (when possible) the harvesting area

of the plant for consumption, this time being confirmed by the interviewer.

IV.2.3.5 Qualitative analysis

The ethno-botanic information offered by each interviewee was organized in an
excel sheet to be later processed in the statistical package IBM SPSS Statistics 20
version 2.1. Chi-Square test for independent samples was used to compare the
parameters with binomial nature (sex and cause of the combination of the plant
extract with synthetic drugs) between the three regions. Kruskal Wallis test was
used for those parameters that consider multiple response options. Mathematical
correlations between those variables that could be correlated (i.e., concentration
versus frequency and consumed quantities) were done using the Pearson
correlation test. All tests were running using the before mentioned statistical

package and considering a 95.0 % of confidence level.

1V.2.3.6 Quantitative analysis
The use of quantitative indices in ethno-botanical research was calculated
informing the value of use (IVU) and the level of significant use described by

Tramil (UST) as follows:1401,
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Level of Significant Use of Tramil (UST) Value of use index (IVU)
UST = =24 100 3. Uvis
TN VU =
Nis

where: Use: Number of summonses for
a specific pharmacologic activity.
Nis: Number of interviewed persons.

where: Uvis: Number of uses
mentioned by each informer

Nis: Number of interviewed persons.
IV.3 Result and Discussion

1V.3.1 Bibliometric study

After refining the search and classifying them, the first stage/moment of the
bibliometric analysis (until December 2018) rendered 51 articles, 45 of them
classifying within the inclusion criteria of the study: ethnobotanical (19 hits) or
chemical/pharmacological information (26 hits). The six discarded papers were

related to agronomy and/or botanic information.

The most frequent plant-collected areas were Brazil, South Africa, and Venezuela,
while the most active main authors belong to Brazil, Portugal, and South Africa.
The countries (by author’s origin) more focused on the chemical and/or
pharmacological profiles research were Brazil and Portugal, while Brazil,
Venezuela, and South Africa focused more on the ethnobotanical point of view (in
this order). The most frequent ethnobotanical reports refer activity as
antimicrobial, cold, gastric, and liver disorders. As an important observation is that
none of the pharmacologic nor ethnobotanical papers refers to a sedative and/or
hypnotic activity, except for one ethnobotanic study developed in the northeast

region of Cubal*?,

The second stage evaluation rendered a surprising result of 47 hits: 13 hits for
ethnobotanical studies, and 29 hits for pharmacological and/or phytochemical
studies. The remaining five hits were related to their biological aspect and/or
taxonomy. Brazil continues to be the country that most uses, consumes, and
studies the species, followed by South Africa. In South Africa the plant is mainly
used to alleviate respiratory ailments, whereas Brazil has the broadest range of
applications, beyond the medicinal use. Also it is used against skin infections,

disturbed digestion, hepatic insufficiency, as analgesic, and in the dyspepsiat03117],
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Other reports refers to be used as repellents and vector controlii43, as antitumor,
antimicrobial, antioxidant and anti-inflammatory:24. Phytoremediation of water
and soil after exposure to 2,4-dichlorophenoxyacetic acid (2,4-D) is one of those

non-pharmacological uses of the planti4414s],

In this second evaluation period, Portugal stands out as the country with more
papers related to phytochemical and pharmacological studiesittoi46l, For Cuba, the
number of hits was doubled, with four new hits: two from ethnobotanical
information(t471481 and two excluded because belongs to the author’s scientific

production.

A simple inspection of both moments/stages of the study shows a growing interest
of the scientific international community in the plant. In Cuba, in spite of doublint
of the number of hits, three of those four new papers originate from the same
author’s research group. In general, the increased number of hits can be also
related to the new Journal and database indexations done by Google academic
platform. Also, the search confirms that the plant is mainly appreciated as a
medicinal plant in Brazil, South Africa, and Portugal for treating respiratory, skin,

digestive, and liver disorders.

IV.3.2 Ethnobotanical study
The cross-blind validation study demonstrated that the species growing and used

within the regions explored is the same species and correspond to P. neochilus.

The traditional uses of the Cuban population of the species are summarized in
Table IV.1. In total, more than 3060 uses were counted, which means an average
value of more than two pharmacological uses per person interviewed. The most
referred uses were the sedative/hypnotic association, being in correspondence
with the common Cuban name assigned to the plant: "Meprobamato”, which is the
commercial name of the synthetic sedative drug methocarbamol. Curiously, these
two activities have not been previously reported in any of the ethnobotanical
studies outside Cuba as revealed by the bibliometric study, but which is informed
in several ethnobotanical papers from Cuban’s authors(t1471. This observational use
as sedative/hypnotic is unique for the Cuban population and so far, has not been

reported by people from other latitudes.
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On the other hand, anti-inflammatory activity stands out as the most reported
common property for Cuba and the rest of the world. The analgesic and the anti-
inflammatory activity were preclinically demonstrated and classified “as efficient”
in the control of post-operatory pain in female cats submitted to ovary-salpingo-
hysterectomy49. On the other hand, anti-inflammatory activity has been reported
in many species of this botanical gene as happens for: P. scutellaroides*s°1 and P.
amboinicustsi. This effect was correlated to the presence of several chemical

compounds such as amyrin(t52 and flavonoidss3l.

Table IV.1 also denotes that the Central region of Cuba attributes different
activities such as anti-catarrhal and digestive affections to the species, which were
not reported in the other two regions. These activities match with similar ones
informed in other latitudes referred to: treat digestive disturbances, pain, edema,
skin infections, and respiratory ailmentsits41551, Besides, Daio et al., reported that
macerated leaves of P. neochilus act as a tonic agent to the gallbladder, stimulating
the secretion of bile, favouring the digestion of fatsisél. Also, an ethno-medicine
survey in South Africa revealed usage of this species for treating respiratory

infectionsit2l,

At the same time, Table IV.1 show that the inhabitants of the Eastern region give
the greatest variety of ethnopharmacological properties to this species, followed
by the central and western region respectively. However, there are no statistical
differences between regions judging by the results of the Kruskal-Wallis for
median comparison at 95% of confidence. This suggests that the use of this
medicinal plant in Cuba is statistically the same with independence of the region
where it is consumed. In this way, these results confirm the isolated observations
that the Cuban population uses P. neochilus mainly by its sedative and hypnotic

properties.

After completing the interviews in the three areas under consideration, female
participants prevailed with the 1001 informers, representing 66.73 % of the
studied population (1500). This might be explained associated with the role played
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Table IV.1. Ethnobotanic uses of P. neochilus within the three regions of Cuba

Uses West Centre East Frequency LG
(%)
Sedative 312 323 349 984 65,60
Hypnotic 272 285 295 852 56,80
Analgesic 210 201 223 634 42,27
Anti-inflammatory 108 147 157 412 27,47
Ornamental 52 33 49 134 8,93
Anticatarrhal 0 21 0 21 1,40
Digestive affections 0 23 0 23 1,53
Total 954 1033 1073 3060

Source: Adapted from TRAMIL, 2018
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by women in society, specifically in family care, and in the rescue of herbalists'
traditional preparations for the treatment of common ailments. Additionally, the
double workload (at home and the traditional job) leads many to continued stress,

affecting their sleep levels.

Age groups with a better knowledge regarding plant use were group 2 (38-59
years old, 46.33%) and group 3 (> 60 years old, with 38.67%), representing 85%
of the all-interviewed population. The knowledge of the species for these groups
can be related to to the use of medicinal plants as a therapeutic alternative to treat
work related stress. Besides, at those ages clinical appearance of signs and
symptoms of diseases correlated to the Central Nervous System and sleep
disorders frequently appear. Group 2 encompasses people that generally are the
center of the family, offering attention to parents and children at the same time,
doubling their familiar tasks increasing by default their stress and in consequence
insomnia. Some epidemiological studies placed female sex and ageingas

predominant factors in anxiety, depression and insomnialt57.158],

Most of the people interviewed belong to the university level (663 representing
44.20 %), followed by those with technician level (399 for 26.60 %). At the same
time, most of the informers were workers in concordance with the age of the
interviewees. The high scholar level of the polled people is in conformity with the
levels reached by Cuban society, results derived from the social programs
implemented after the 1959 revolution. All those demographic results are in
agreement with previous studies developed by other ethnobotanical surveys
developed in different regions of Cuba in which females with age around 40 to 60
years old and at the university level are the majority139.140159. Also, in other Latin-
American regions, women represent the better informers related to the use of
medicinal plants, suggesting their higher knowledge connected to their home daily

activities(155160-162],

The last socio-demographic variable considered was the occupation of the
participantsat the moment when they fulfil the survey. The 70.80 % of the
interviewee were workers, representing 45.33 % of them employees by companies

of the Government while the independent labour force (private activities) reached
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25.47 %. Minor proportions (438 interviewed, 29.20 %) were housewives,

retirees, or students.

The 100 % of the 27 traditional healers interviewed showed a high knowledge
about the use of P. neochilus with medicinal intentions; in contrast to the
percentage (32.07 %) of the 106 health workers surveyed. In this cohort of
persons (27 traditional healers and 106 health workers) only nine of the
interviewees knew or had read about the demonstrated pharmacologic properties
and it existence of references about it toxicity of the plant. That is why the staff
decided, once these interviews were carried out, to take actions related to the
training of the traditional healers and the health workersto improve
theirknowledge about the use of this plant. Likewise, he exhorted them to observe
in greater detail and interest the aspects related to the use of this medicinal plant,

considering the role they play in providing health to the population.

No statistical differences were found in any of the sociodemographic variables
between the three Cuban regions studied, considering the Kruskal-Wallis median

comparison test at 95% confidence.

Relative to the part of the plant used, all the informers refer to the use of the aerial
parts. The 58.66% use the stem and leaves, while 42.33% use leaves alone. Only
five informants refer to the use of the stem alone, mainly those associated with
digestive disorders. Once again, and with independence of the numeric differences,

no statistical differences were detected.

Figure IV.2 represents the preparation modes in which the population uses the
plant for medicinal purposes. Decoction highlights as the most used (77.67% of the
interviewed) with independence of the region followed by the infusion at 15.40%.
The rest of the preparation modes were irrelevant with very low ratios of use. No

statistic differences between regions were found.

Regarding the concentration of the beverages prepared, the informers using leaves
and/or the aerial parts of the species (1483) were clustered into two main groups.
Most of the informers add quantities equivalent from 10 until 20 leaves with or
without stems to prepare one litre extract, representing 44.77%, while others add
from five to ten leaves (38.10%). None of the participants add less than five leaves

(with or without steams) per litre of brew, while those who use more than 20
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Figure IV.2. Modes of preparation of P. neochilus brew with medicinal purposes by
the Cuban’s population. Source: Own authorship
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leaves (224 representing 15.10%) were mainly concentrated in the western region

of Cuba, but without statistic differences.

This extract is consumed preferentially in a teacup with an equivalent volume of
around 200 to 250 millilitres, during the night time half an hour before to sleep,
(45.27%), while 38.07% (571 interviewees) take it in a coffee cup with an
equivalent volume from 50 to 75 millilitres. A strong relationship between the
concentration of the brew and the quantity consume was found with a correlation
coefficient of r=0.76. In a general sense, 95.53% of the interviewees refer to
consuming the medicinal beverage only one time within the day, 45 minutes or one
hour before sleep; inferring that the concentration and amount taken are strong

enough to elicit the pharmacologic desired effect.

Figure IV.3 shows the main side reactions declared by the P. neochilus extract
consumers. Even when in general the population, tends to consider natural
medicines as non-toxic, the interviewers notified 229 side effect reactions asserted
by 141 informers. The common ones were vomiting (5.33%) and (4.87%),
followed by headache, morning dry mount, collywobbles, and loss of orientation
with 31, 27, 10, and 8 informers respectively. A weak mathematic correlation
(r=0.53) between the appearance of these side effects and the concentration of the
extract was found. Nevertheless, and supporting this observation, only four of the
141 informers that refer to any kind of side effect, drank the plant extract at the
lower concentration (from 5 to 10 leaves per litre of formulation). These side
effects referred before, are quite common for those synthetic drugs that act over

the Central Nervous System, especially Benzodiazepinesitssl.

The concomitant consumption of P. neochilus extracts with synthetic drugs was
another of the variables explored in this investigation. The results presented in
Figure IV.4 denote that 35% of the interviewees have combined at least once
natural and synthetic medication, the group of benzodiazepines being the one with
greater frequency. Curiously, the synthetic drug from which the P. neochilus takes
their common noun (meprobamato in Spanish) is the one with a smaller incidence
(28 reports). Again, no significant differences between the kind of drug used and

the studied regions were observed.
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All of the 551 interviewees that referred to consuming at least oncea combined
treatment, were also asked the reason why they combined it. The reply of this
question was on 507 occasions the following: “to intensify the activity of the
synthetic medication”. How the interviewees answer this question reveals
statistical differences according to the Chi-Square test for independent samples,
pointing out the central region as the one with higher frequency attending this
practice of concomitant consumption to achieve a bigger threshold of

pharmacologic activity.

Table IV.2 shows the quantitative variables associated with the most significant
uses and the total reports informed by the Cuban population. The higher value of
IUV in the Eastern region is associated with the higher number of uses reported by
the interviewees of this geographical area. It is also this region in which the main
activities reported reach the higher values of UST. These results give evidence once
again to the high level of use that the Cuban population does of this plant, even
when no previous international reports refer to it with its main purpose: The
activity on the Central Nervous System. There is only one reference that can be
indirectly correlated to this activity and is the in vitro inhibition of the

acetylcholinesterase (AChE) enzyme referred by Brito et al. 161,

From the chemical point of view, some of the substances isolated from P. nechillus
extracts refer to the presence of triterpenes as friedelin, a and 3-amyrin, fatty acid
esters; and flavonidsi'3sl, which had been tested against some Central Nervous

System disordersit64,
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Table IV.2. Traditional uses, total of reports and quantitative ethno-botanic

variables informed for P. neochilus by the Cuban population.

REGIONS WESTERN CENTRAL EASTERN
IVU 2.78 2.88 3.03
62.4 (Sedative) 64.6 (Sedative) 69.8 (Sedative)
54.4 (Hypnotic) 57.0 (Hypnotic) 59.0 (Hypnotic)
UST (%) 42.0 (Analgesic) 40.2 (Analgesic) 44.6 (Analgesic)

21.6 (Anti-
inflammatory)

29.4 (Anti-
inflammatory)

31.4 (Anti-
inflammatory)

Source: Own authorship
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IV.4 Partial conclusions

In light of the results obtained in this research, it was demonstrated through an
extensive ethnobotanical study designed specifically for these purposes that this
plant is consumed in Cuba alone or together with synthetic drugs (mainly
benzodiazepines) to induce or enhance its sedative and hypnotic effects, without
detecting statistical differences between the three Cuban regions analysed. Notibly,
some data also disclose the plant parts, concentration, preparation mode, and
other valuable information. The fact that this use is particularly specific to the
inhabitants of Cuba, as revealed in the bibliometric study, let us to design future
morphological, chemical and pharmacological experiments that help prove or

disprove this widespread use by the Cuban population.
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CHAPTER V. Determination of quality control parameters of leaves and
extracts from Plectranthus neochilus Schltr.

Modified version from the published article: Rodriguez-Ferreiro, A.O., Ochoa-

Pacheco, A., Méndez-Rodriguez, D. Ortiz-Beatén, E. Font-Salmo, 0., Guisado-
Bourzac, F., Molina-Bertran, S., Monzote, L., Cos, P., Foubert, K., Pieters L., Perez-
Novo, C., Vanden Berghe, W., Escalona-Arranz, ]J. C & Setzer, W. N. (2022). LC-MS
Characterization and Biological Activities of Cuban Cultivars of Plectranthus

neochilus Schltr. Plants, 11(1), 134. https://doi.org/10.3390/plants11010134

V.1. Introduction

Throughout evolution, medicinal plants have been used to treat a wide range of
diseases, from coughs and colds to microbial infections, inflammatory processes,
and nervous disorders. In developing countries, herbal medicines form the basis of
primary health care because of limited access to expensive commercial drugs on
the international marketi¢s, In contrast, developed countries advocate the
development of alternative therapies based on the natural origin of their active
ingredients to treat various chronic, non-communicable and degenerative diseases
of the ageing population. This duality favours that many scientific investigations

have medicinal plants as potential therapeutic targets.

In this context, natural products and their derivatives continue to lead the way in
the development of new active ingredients in drug discovery. Indeed, of the 1,881
new drugs approved during the period 1981-2019, 787 (41.8%) fell into the
categories of "Unmodified natural product”, "Biological macromolecule”,
"Naturally derived product” and "Botanical drug (defined mixture)", which are
directly attributable to a natural origin. In addition, 489 analogues that mimic
natural compounds were synthesised, which together account for two-thirds of the
newly developed medicinesi¢. The development of herbal medicines should
therefore be an alternative for underdeveloped countries to solve their own health

problems and a source of income.

The introduction of non-native plant species in different countries has increased as
they are wused by private/individual or government agencies for
medicinal/commercial purposes to increase sources of raw materials as a

therapeutic option. However, this intention to cultivate non-original medicinal
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plants does not always lead to an exact replication of the bioactive properties that
characterise them in their natural habitat. It is well known that secondary
metabolism (which is usually associated with the pharmacological activity of the
plant) depends on intrinsic and external factors(t¢7l. Intrinsic factors can be better
controlled by establishing the identity of the plant as well as its genetic
authenticity. However, external factors such as environment, -cultivation,
harvesting and post-harvest processing/storage practices are more difficult to

control, especially if the activity is population-dependentitssi,

Therefore, it is necessary to study and characterise the species from a
pharmacognostic point of view to determine the morpho-anatomical
characteristics of the plant, possible drying methods and the quality parameters of

the drug and leaf extracts of the species.

The species P. neochilus belongs to the family Lamiaceae and its cultivation has
been naturalized mainly in Brazil, although it is native to South Africa and Namibia.
In these countries the species is used ethnomedically to alleviate respiratory
symptoms, digestive disorders, liver failure and skin ailmentsft2103],
Pharmacologically speaking, its potential activity as an antiparasitic and
antifungiciizi,  antibacteriali*#111,  anioxidant”?, cytotoxicl¢¥, and and

hypoglycemicl'7has been reported.

The occurrence of P. neochilus in Cuba was reported in 2016 and its cultivation has
expanded throughout the national territory due to its ethnopharmacological and
ornamental benefitsii8l. Recent ethnobotanical studies have suggested that this
species is consumed by the Cuban population for its sedative and hypnotic effects
rather than for its traditional antimicrobial, anticatarrhal, and digestive
properties9147), This contradictory information was confirmed in the previous
chapter IV, when the combination of the bibliometric analysis with a
comprehensive and specially designed ethnobotanical survey showed that the
Cuban population actually uses this plant alone or together with synthetic drugs
(mainly benzodiazepines) to induce or enhance its sedative and hypnotic effects.
This scientific concern encouraged us in the present study: to determine the
quality parameters of the drug and leaf extracts as well as the chemical

composition of the P. neochilus species growing in Cuba.
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V.2- Materials and Methods

V.2.1-Plant collection

Adult plants were collected in the morning from the experimental plot of the
National Centre for Applied Electromagnetism (Lat 20.032316, Lon -75.810585) at
the Universidad de Oriente, Santiago de Cuba. The plants were authenticated at the
“Centro Oriental de Ecosistemas y Biodiversidad” (BIOECO) in Santiago de Cuba with
a voucher specimen code deposited at “Jorge Sierra Calzado” Herbarium (see

Figure V.1).

V.2.2- Quality control drug parameters determinations

Four batches of plant material (February, May, August and November 2018) were
harvested. The collected leaves were divided into two parts: Fresh leaves were
used for macroscopic, microscopic and essential oil determinations (EO), while the
remaining part was dried using three different drying methods: sun-dried, shade-
dried and oven-dried (45 °C). The drying process of the leaves was considered
effective if the following four criteria were met: 1) at least the last three weight
determinations had a coefficient of variation of no more than 0.1%; 2) the drying
period was no more than three weeks (21 days); 3) no evident microbial
contamination occurred; and 4) the residual moisture determined by the infrared

method (Sartorius MA 35, Gottingen, Germany) was equal or less than 14%!1701,

V.2.3- Macroscopic and essential oil yield determinations

The fresh leaves of the four batches were analysed in detail for their anatomical
features, size, shape, odour and colour using a stereomicroscope NOVEL NSZ -606
(Nanjing, China) with 40x magnification. In addition, essential oil extraction was
carried out for the four batch samples by hydrodistillation (3 hours) using a
Clevenger apparatus. The results were expressed as a percentage of the essential

oil yield (mean of the two determinations)t71.

V.2.4- Microscopic determination

For the histological studies, four leaves were selected of each collected lot. Cross-
leaf sections were dehydrated in alcoholic series of 50, 70, 75, and 90% and
stained with safranin diluted in ethanol 90%. After staining the cross sections, they
were mounted in glycerinated gelatin and sealed with paraffin. Sections of 8-um

thick were obtained wusing a microtome Kedee202 A (Zhejiang,
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China). The sections were stained with safranin and methylene blue, cleared in
xylol, and ridded in Canadian Balsam as previously described72.. The epidermis,
cell wall, stomata, and mesophyll were characterized according to the
methodology described by Theobald and collaboratorsit73l. The cuts were observed
and photographed in a microscope Novel N-220M (Nanjing, China) coupled with a
Canon digital camera 1600x1200 pixels at 400x.

V.2.5- Total ash content and total extractable matter

These parameters were determined according to the protocols proposed by
WHOU74. Accordingly, we calculated the mean of the three replicates for each of the
four batches. For the determination of the total ash content, 2 g of the dry plant
material was burnt in a glowing silicate crucible at 700 °C for 2 hours (Boeco MF
8/1100 muffler, Hamburg, Germany). This process was repeated until the mass
was constant. The cooled residue was weighed and the values expressed in

percent.

The soluble substances in water and ethanol were determined by the cold
maceration method. Five grams of the dry plant material were placed in a 250-mL
Erlenmeyer flask with a frosted lid and 100 mL of the solvent (water or ethanol)
was added. After 12 hours of stirred maceration and 6 hours of rest, the contents
were filtered and 25 mL of the filtrate was transferred to a flat-bottomed dish to
evaporate the solvents at 105 °C in a Carl Roth SC 150 (Karlsruhe, Germany)
thermostated bath. The cooled residue was weighed, expressing the values (w/v)

in percent.

V.2.6- Plant extracts preparation and quality control determinations

Three different types of extracts were prepared: One followed the indications from
the ethnobotanical information and consisted of an aqueous decoction of 10 mg of
the fresh, crushed leaves in 100 mL of water (FLD). The other two extracts were
obtained in the same proportion but using dried leaves which were subjected to
maceration during 48 h with either water (DLW) or commercial ethanol at 94%

(DLE) as solvents.
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V.2.7- Determination of the physical and physicochemical parameters of the
extracts

The determination of organoleptic properties, pH value, and total extractables was
carried out according to standard protocolsii’sl. Organoleptic properties were
assessed by simple inspection of appearance (colour, texture and odour). The pH
value was measured using a calibrated pH-meter (Hanna Instruments, Spain).
Total solids were determined by a gravimetric method after drying 5 mL of the
extracts in a porcelain capsule. The results of these last two parameters were given

as the mean and standard deviation (SD) of three determinations.

V.2.8- Determination of the phytochemical profile of the extracts

Chemical composition was analysed in an UPLC-DAD-MS/MS system using a Xevo
G2-XS QTof spectrometer (Waters, Milford, MA, USA) coupled with an ACQUITY LC
system equipped with MassLynx version 4.1 software. Five pL of each extract (FLD,
DLW, DLE) at 100 pg/mL were injected on a BEH Shield RP18 column (100 mm x
2.10 mm, 1.7 pm; Waters, Milford, MA, USA). The mobile phase solvents consisted
of H20+0.1% FA (A) and ACN+0.1% FA(B), and the gradient was set as follows
(min/B%):0.0/10, 5.0/10, 20.0/15, 30/15, 40.0/25, 45.0/25, 55.0/40, 60.0/40,
65.0/100, 70.0/100, 75.0/10, 85.0/10.

Full scan data were recorded in ESI (=) and ESI (+) mode from m/z 50 to 1500 and
the analyser was set in sensitivity mode (approximate resolution: 22,000 FWHM).
The spray voltage was set at either +1.5 kV and -1.0 kV; cone gas flow and
desolvation gas flow at 50.0 L/h and 1000.0 L/h, respectively; and source
temperature and desolvation temperature at 120 °C and 550 °C, respectively. Data
were also recorded using MSE in the positive and negative ionization modes (two
analyses per mode), and a ramp collision energy from 20 to 30 V was applied to
obtain additional structural information. Leucine Encephalin was used as lock

mass. DAD spectra were recorded between 190 and 500 nm.

Using the software ReifycsAbf Converter, the UPLC-DAD-MS/MS raw data were
converted to *.abf files and processed with MS-DIAL version 4.24068 for mass
signal extraction between 50 and 1500 Da from 0 to 22 min (range in which the
main peaks appears). A centroid mode with a tolerance of 0.01 and an optimized

detection threshold of 8000 for MS1 and 5000 for MS2 was fixed. The Global
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Natural Products Social (GNPS, https://gnps.ucsd.edu) export function of MS-
DIALI76l was used to export the results and created a molecular network with the
Feature-Based Molecular Networking (FBMN) workflow(t77l. Major peaks were
tentatively characterized by means of MS/MS spectra comparing with those found
in the literature and the public databases PubChem
(https://pubchem.ncbi.nlm.nih.gov/), ChemSpider
(https://www.chemspider.com/ MassBank of North America (MoNA)
(http://mona.fiehnlab.ucdavis.edu/) and NIST Mass Spectrometry Data Center
(http://chemdata.nist.gov/).

V.2.9- Statistical Analysis

Statistical analysis was carried out in GraphPad Prism 8 (GraphPad Software, San
Diego, USA). Tukey's test was used as a multiple comparison test for independent
samples to define significant differences (p value under 0.05) between the
quantitative quality control parameters of dried leaf lots and derived physico-
chemical parameters of extracts. Before statistical data analysis, normal
distribution was verified using the Kolmogorov-Smirnov test implemented in the
same software. Decision limits for upper and lower cut off values of the standard
deviations were estimated, when possible, by each quantitative quality control

parameter for a 95% confidence.

V.3 Results

The apparent inconsistent ethnomedicinal use of P. neochilus extracts motivated us
to explore the potential differences in the pharmacognostic and phytochemical
profile of Cuban cultivars. For this purpose, four batches of previously
identifiedplant material (February, May, August and November 2018) were

harvested.

V.3.1- Plant quality control parameters

V.3.1.1- Fresh leaves

Macroscopic determinations did not reveal phenotypical differences throughout
the year of study (four batches collected) and are in agreement with the deposited
botanical information for this plant in Cubai®8land Brazil'7sl.. Leaves with creased
edges, perinervic venation, petiole with a wedge-shaped base, membranous

texture, greenish-grey colour and a strong and characteristic aromatic odour are
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the most representative macroscopic quality control parameters. Other
remarkable characteristics are an adaxial and abaxial pubescent leaf surface, with
generally short hairs. In spite of the strong and characteristic aromatic odour, none
of the eight determined essential oil (EO) yields (two replicates for the four
batches) allows us to obtain quantifiable values greater than the sensitivity of the
determination method. Accordingly, the EO yield values (EOY) measured did not
exceed the detection limit (EOY < 0.01%).

In general, the EO in the species is informed at relative low yields. For the species
that grows in Brazil, values around 0.03% have been regularly reporteditosiii;
while for the species that grow in Portugal(:3l and South Africa yields barely exceed

0.2 %132,

The micro-morphological analysis revealed that both leaf surfaces are covered
with trichomes and abundant orange-coloured glandular cells which are more
evident in the adaxial surface when observed under the stereo-microscope 40x
(see Figure V.2A). The multicellular and uni-serial nature of non-glandular
trichomes (see Figure V.2B) as well as the orange-coloured glandular cells (see
Figure V.2C) can be better observed when using higher magnifications of the bright
field microscope at 100x. The adaxial surface has a cuticle of approximately 1 pm
thick with a single layer epidermis with polygonal cells of 10 um in size, periclinal
and anticline walls, tracing straight or convex lines that are up to 1.25 um thick
(see Figure V. 2D). The abaxial epidermis also is 1.25 pm thick without cuticle, and
has diacytic stomata (see Figure V.2E) with a density of 22.5/100 pum2. The
parenchyma is homogeneous, lacunar, with 5 to 6 strata of amorphous cells

reaching a thickness of 35 pm.

V.3.1.2- Dry leaves

The drying process was carried out by sun-drying, shade-drying and oven-drying
(45 °C). Due to the succulent characteristics, none of the air-exposure methods was
effective, since more than three weeks were needed to achieve drying, causing
microbiological contamination in the case of shade-dried batches. Under these
circumstances, only the oven-dried method was able to eliminate the water from

the leaves in 6-8 days, preserving most of the organoleptic characteristics.
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Figure V.2. Photomicrograph of transverse sections of leaves from P.
neochiluscollected in Santiago de Cuba. A) Adaxial surface of the foliar lamina. B)
Non-glandular trichomes. C) Orange-colored glandular cells. D) Polygonal cells. E)
Diacytic stomata. Ax 40X and B, C, D, E x 100X
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The residual moisture content was 10.5 * 1.7% (azeotropic method) (n = 8, two

determinations on the four batches).

The other quality control parameters repeatable within batches (see Table V.1)
showed no appreciable differences between the different harvesting moments. In
all cases it was possible to define an upper and lower decision limit, allowing
predicting a range in which the results should be expected. Even when no
statistical differences (p > 0.05) among batcheswere found for none of the quality
control parameters, the batch selected to prepare the extracts from P. neochilus
leaves for the further experiments was batch 2 (May), considering the maximal

number of soluble compounds.

V.3.2- Plant extracts and quality control determinations

V.3.2.1- Physical and physicochemical parameters of plant and extracts

Three extracts were prepared: the first following the ethnobotanical information
using water and fresh crushed leaves (FLD). The other two extracts used the dried
leaves and water (DLW) or commercial ethanol at 94% (DLE) as solvents. All three
extracts were prepared using the leaf material coming from batch number two.
Table 2 (see Table V.2) summarizes the physical and physicochemical parameters

of the extracts (three replicates).

As can be seem in Table V.2, the quality control parameters are different in all
extracts, especially those of a quantitative character. Water stands out as solvent
with high capacity to extract constituents of P. neochilus leaves. In relation to pH,
dried leaves favour the extraction of acidic compounds, especially when ethanol is

used as solvent.

V.3.2.2- Determination of the phytochemical profile of the extracts.

The three extracts of P. neochilus FLD, DLW, and DLE were analysed by UPLC-DAD-
MS/MS. Visual evaluation of the total ion chromatogram (TIC) of all extracts (see
Figure V.2) revealed resemblance between the extracts with regard to the position
of peaks, but displayed a difference in relation to the relative amount of the
compounds present. This was confirmed by the dereplication analysis performed
and in-depth exploration of the main peaks in the three chromatograms, which
reveals that the major changes observed are related to changes in relative intensity

of the peaks.
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Table V.1. Quantitative quality control parameters of dried leaves from P. neochilus
collected in Santiago de Cuba at different times.

substances (%)

Batch 1 Batch 2 Batch 3 Batch 4 o o
Parameter (February) (May) (August) (November) L) (LT
Total ash 81°+14 84°+20 97°+13 85%°+17 4.8 125
content (%)
Ethanol soluble b b b b
185°+£2.0 20.2°+2.7 175°+19 20.2°+£0.4 14.5 23.7
substances (%)
Water soluble c ¢ c c
22613 241°+14 221°+11 23516 19.8 26.3

LDL Lower Decision limit, UDL Upper Decision limit. Equal letters within the same row indicate no statistical
differences (LSD Tukey test, a= 0.05).

Table V.2. Physical and physicochemical parameters of the extracts prepared from
batch 2 (May-2018) of P. neochilus leaves growing in Santiago de Cuba.

Parameter

Fresh leaves decoction
(FLD)

Dry leaves water
maceration (DLW)

Dry leaves ethanol
maceration (DLE)

Organoleptic
characteristics

Total extractable
substances (%)

pH

Color: light green
Smell: characteristic of
the plant
Texture: slightly dense

15.99° + 0.01

5.27¢+0.01

Color: light brown
Smell: characteristic of
the plant
Texture: slightly turbid

20.19°+0.01

4.850 £ 0.02

Color: dark green
Smell: characteristic of
the plant
Texture: transparent

10.67°+ 0.01

4.122+0.01

Different letters within the same row indicate statistical differences (LSD Tukey test, a= 0.05).
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Table V.3.Assigned compounds, [M-H]- and ESI negative fragment ions of the eighteen peaks detected in P. neochilus fresh leaves
decoction (FLD) extract.

Rt | Accurate Mass [M-| Error MS/MS ions Molecular R cpe -

Compound (min) H]- (m/2) (ppm) (Rel. Intensity, %) Formula Tentative identification AEP
1 6.45 387.1647 -1.3 207(17),163(8) C1gH2809 12-Hydroxyjasmonic acid glucoside DLW
503(12),473(37), 413(5), o DLW,

2 7.95 593.1553 1.5 383(11), 353(19) C27H30015 Vicenin-2 DLE
3 11.36 491.0858 -1.0 475(51), 315(59), 299(64) C22H20013 4’-Methoxy-quercetin-3-0-glucuronide %LLg’
4 11.61 461.0721 -0.9 285(57), 255(22) C21H18012 Luteolin-0-glucuronide %L[Yg
5 11.99 491.0829 0.4 315(69), 299(33) C22H20013 7-Methoxy-quercetin-3-0-glucuronide ]]))[L‘.\]/EV
377(100),359(86), 341(22), 3,6,7,12,16-Pentahydroxy-2-acetyl-5,8,12- DLW,

6 12.05 437.1805 0.7 331(30), 315(62) C22H3009 abietatrien-11,14-dione DLE*
2,3,7,12,16-Pentahydroxy-6-acetyl-5,8,12- DLW,

7 12.38 437.1816 -0.2 377(38),359(41), 289(71) C22H3009 abietatrien-11, 14-dion DLE
8 12.46 467.2131 0.4 437(18), 421(36), 289(100) Ca0H36012 2-(8-(Hydroxymethoxy) oct-1-en-3-yloxy)- None

hexoside-pentose

197(25),179(23), 161(48), N DLW,

9 12.79 359.0778 1.6 135(7) C18H1508 Rosmarinic acid DLE
10 14.66 489.1032 -1.4 313(57),298(19), 283(18) C23H22012 3’,4’-Dimethoxy-luteolin-7-glucuronide ]?)LLY]\E/‘
i 419(86), 401(62), 359(41), 6,11,12,14,16-Pentahydroxy-3,17diacetyl- DLW,

11 1571 479.1918 15 341(24),313(21) C24H32010 8,11,13-abietatrien-7-one DLE*
12 16.04 475.0871 -1.3 299(73), 284(31) C22H20012 Methoxy-kaempferol-7-glucuronide D];‘[‘g !
13 16.12 475.0874 -0.6 299(100), 284(39) C22H20012 Methoxy-kaempferol-3-glucuronide DLW"
14 16.28 459.0930 -0.4 283(100), 268(51) C22H20011 Methoxy-apigenin-5-glucuronide ]?)LLY]\E/‘
15 16.76 511.2578 1.0 493(27),467(76), 305(9) C26H40010 Hexosyl-6-hydroxicarnosol DLW
3,6,11,12,14-Pentahydroxy-2-acetyl-5,7,11,13-- DLW,

16 18.58 435.1661 1.1 375(42),357(19),327(9) C22H2809 abietatetraen-7-one DLE

i 417(100), 387(17), 357(23), 6,11,12,14,16-Pentahydroxy-3,17-diacetyl-

17 2027 477.1798 1.0 327(11) C24H30010 5,8,11,13-abietatetraen-7-one DLW
3,6,12-Trihydroxy-2-acetyl-8,12-abietadien- DLW,

18 21.21 419.1721 -1.4 359(51), 341(6) C22H2808 7 11,14-trione DLE

Rt - Retention Time, AEP-> Peak presence in alternative extract (DLW and DLE), *->Traces
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Dereplication is a strategy that provides a fast identification of known metabolites
in complex biological mixtures, speeding up the process to identify natural
productsii79, while Feature-Based Molecular Networking (FBMN), available on the
Global Natural Products Social Molecular Networking (GNPS) web platform
supports the analysis of the LC-MS/MS data. This process rendered 22 library hits.
The matched compounds were mainly glycosides, glucuronides and methoxy
derivates of quercetin, kaempferol, luteolin and apigenin; abietane type
diterpenoids, fatty acyl derivates and rosmarinic acid; helping the further process

of compound identification.

Considering that the aim of this research is to evaluate why Cuban cultivars are not
typically used for their potential antimicrobial, anticatarrhal, and digestive
properties, the identification of chemical metabolites was focused on the extract
obtained by the method that most resembles the inhabitants' way of preparation
(FLD). Peaks with at least 20% of relative intensity were considered and their
presence was evaluated in the other two studied extracts (DLW and DLE). Under
these conditions 18 peaks were selected and tentatively identified (see Figure V.3,
Table V.3). The chemical structure proposed for each one of the 18 compounds is

shown in and Figure V.4.

Compound 1 with a retention time of 6.45 min shows a peak with m/z 387.1647
[M-H]- yielding a fragment at m/z 207 [M-H-C6H1206]-due to the loss of a neutral
hexoside residue (180 Da) and another at m/z 163 [M-H-C6H1206-COO0O-]- as
result of the loss of the carboxyl function. No other secondary peaks were detected;
therefore peak 1 was tentatively identified as 12-hydroxyjasmonic acid glucoside
considering the role of this kind of compound and their distribution in the plant

kingdom. It was detected only in watery extracts (see Table V.3).

Compounds from 2 to 5 as well as 10, 12, 13 and 14 were identified as flavonoids
(flavone and flavonol type) derivates in which the nature of the aglycone was
inferred with the help of the MS2 ESI positive mode:s, All those compounds were
detected in the three extracts with the exception of compound 13, detected only in
water extracts (see Table V.3). Compound 2 with a m/z 593.1553 [M-H]- and
fragments at m/z 503, 473, 413, 383, 353 was identified as vicenin-2. Figure V.5

shows the fragmentation pattern proposed assigning those product ions as result
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Figure V.3. UPLC-DAD-MS/MS Total Ion Chromatogram (TIC) profiles of P. neochilus extracts
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Figure V.4. Chemical structures of the 18 compounds identified in P. neochilus leaves growing in Cuba.
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Figure V.5. Fragmentation pathways (ESI negative mode) proposed for Vicenin 2.
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of the cross-ring cleavages in di-hexose C-flavonoid glycosidel:si1s21. The UV spectra
confirm the flavonoid nature of compound 2 with peaks of maxima absorption at

225,270 and 375 nm.

Compound 3 and 5 were classified as position isomers showing similar molecular
ions m/z 491.0858 and 491.0829 [M-H]- as main (100% relative intensity) and
fragments m/z 315 and m/z 299 consistent with glucuronide loss (176 Da). As
unique difference, peak 3 displays an extra fragment at m/z 476 with relative high
intensity (51%), suggesting an easier loss of a methyl group from an ether moiety
than peak 5 that on the contrary shows the fragment m/z 299 with higher
intensity. For compound 3, a peak at 153.0118 (ESI positive mode) confirms that
the -OCH3 moiety is not present in the A-ring. Those observations together with
the information derived from the FBMN analysis, and the chemotaxonomic
information for the genus Plectranthusis3], allows us to assign position 4" and 7 for
the methoxy group of compounds 3 and 5, respectively, while the glucuronide

group was placed at position 3.

Compounds 6 and 7 also have almost the same molecular ions (m/z 437.1805 and
437.1816 [M-H]-) and similar initial fragmentation pattern with fragment ions at
m/z 377, 359 representing the loss of an acetyl group (-60 Da) and a water
molecule (-18 Da). The difference between both compounds is defined by the rest
of the fragments and its relative intensity. For peak 6, fragments at m/z 341, 331
and 315 shows medium-low relative abundance while for peak 7 those fragments
appear in a very low relative abundance and a new fragment with 71% of intensity
at m/z 289 sign the main difference between both compounds. Considering this
fragmentation pattern (see Figure V.6), the results of dereplication analysis, the
abundance of reports of abietane diterpenoids in the Lamiaceae family and its
description for several species of Plectranthust501831, compound 6 was identified as
3,6,7,12,16-pentahydroxy-2-acetyl-5,8,12-abietatrien-11,14-dione or 2-hydroxy-6-
acetyl-scutellarioidol A and compound 7 as 2,3,7,12,16-pentahydroxy-6-acetyl-
5,8,12-abietatrien-11,14-dione or 6-hydroxy-2-acetyl- scutellarioidol A. The
position of the hydroxyl and acetyl substituents are conditioned to the cleavage of
the ring A (-C(CH3)2-CO, m/z =-70 Da), which is only possible in compound 7 after
the loss of the acetyl group of position 2.
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Figure V.6. Fragmentation pathways (ESI negative mode) proposed for compounds
6 and 7 in P. neochilus extracts.
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Compound 8 was coincident with a fractionation pattern of a fatty acyl glycoside
with an m/z value of 467.2131 Da in negative ion mode and tentatively identified
as 2-(8-(hydroxymethoxy) oct-1-en-3-yloxy)-hexoside-pentose. Fragment ions at
m/z 437 and 421 are in correspondence with the cleavage in the both sides of the
ether bond of the aliphatic chain. The base fragment (100% intensity) at m/z 289

is a consequence of the further loss of the pentoside unit.

Compound 9 and its fragmentation pattern allowed us to identify this peak as the
well-known compound rosmarinic acid. Both the fragment ions at m/z 197 and
179, correspond to the cleavage of the ester group while fragment m/z 161
corresponds to the loss of two or one water molecules of each one of the previous
fragments respectively. Last fragment observed: m/z 135 (even in a very low
intensity) confirms the assigned substance. Based on the peak area at UV detection,
this compound classifies as the main compound in FLE and DLW extracts, and as

second in DLE extract. This result is in concordance with previous informationizel,

Compounds 10, 12, 13 and 14 are the last flavonoids identified with [M-H]- at
489.1032, 475.0871, 475.0874, and 459.0930, respectively. All are methoxy-
glucuronide-flavonoid derivates. Typically for all compounds is the loss of the
glucuronyl group generating the fragments at m/z 313, 299, 299, and 283,
respectively (see Table 3). In the case of the first two, this fragment results in the
second most abundant, while for compounds 13 and 14, the fragments m/z 299
and 283, respectively, represent the main peak in the spectrum (see Figure V.7).
Further fragments are in agreement with the loss of methyl groups from the

methyl ether (-15 Da).

For compound 10 the ESI positive mode shows a distinctive fragment at 179
(0,4B+), characteristic for the C-C cleavage at positions 0/4 of luteolinis4,
Considering all those facts, the chemotaxonomic information available and the
relative intensity of the [M-H]-, it is suggested that glucuronyl group is attached at
position 7, while methoxy groups are placed at 3" and 4’18485, that is why this
compound was tentatively identified as 3",4’-dimethoxy-luteolin-7-glucuronide.
ESI positive mode of compound 12 shows fragments at m/z 121 (0,2B+) and 165
(0,2A+), characteristic of the C-C cleavage at positions 0/2 of kaempferoliis4, the

rest of the factors are similar to compound 10. Having no further information
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Figure V.7. ESI negative ion mode MS2 spectra of compounds 10, 12, 13 and 14 of P. neochilus extracts



CHAPTER V. Determination of quality control parameters of leaf and extracts from Plectranthus neochilus Schltr.

about the possible position of the methoxy substituent, compound 12 was
tentatively identified as methoxy-kaempferol-7-glucuronide. Compound 13 has
almost the same characteristics than compound 12 showing a pseudomolecular ion
[M-H]- at m/z 475.0874. Also, the same fragment peaks (m/z 299 and 284) as well
as the same behavior in positive ion mode (data not shown) and similar UV maxima
at 227, 268 and 335 nm (226, 268 and 341 nm for compound 12, data not show).
The only remarkable difference between compounds 13 and 12 is related to the
relative intensity of the mass peaks. For compound 13 the main fragment was found
at m/z 299, resulting from the loss of the glucuronyl, compared to compound 12
where the pseudomolecular ion [M-H]- was seen as the main ion in the spectrum
(see Figure V.8). This allowed us to infer that in flavonoid 13 the glucuronyl
substituent is placed in the “non-favored” position 3185, that is why this compound
was tentatively identified as methoxy-kaempferol-3-glucuronide. At last, compound
14 corresponds to an apigenin derivate considering the fragment in ESI positive
mode of m/z 163 (0,4B+). The main fragment (m/z 283) does not correspond to the
pseudomolecular ion [M-H]-; therefore, the glucuronyl substituent was linked to the
“less favored” apigenin hydroxyl substituent position 5085 The methoxy group can
be arbitrary placed in position 7 or 4 that is why compound 14 was tentatively

identified as methoxy-apigenin-5-glucuronide.

Compound 11 with a pseudomolecular ion at m/z 479.1918 [M-H] - and molecular
formula C24H32010 was inferred as a diacetylditerpenoid. The consecutive loss of
both acetyl fragments followed by the loss of a water molecule and the similarity
with coleon D and coleon U, compounds isolated from P. barbatus, P. fasciculatus, P.
forsteri, P. grandidentatus, P. madagascariensis, P. nummularius, P. sanguineus, P.
argentatus, and P. myrianthus71, allows us to identify compound 11 as

6,11,12,14,18-pentahydroxy-3,17diacetyl-8,11,13-triene-7-one (Figure V.9).

Compound 15 presents a pseudomolecular ion [M-H]- at m/z 511.2578 and
fragments m/z 493[M-H-18]-and m/z 467 [M-H-44]- as a result of a trans-
elimination of a water molecule (18 Da) and by loss of a carboxyl group (44 Da),
respectively. Additional loss of a fragment of 162 Da from the fragment ion m/z 467
resulted in a signal with a low relative intensity at m/z 305 indicating the presence

of a hexose unit. This fragmentation pattern, the FBMN analysis and
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chemotaxonomic information available for Plectranthus genus allow us to
tentatively identify compound 15 as hexosyl-63-hydroxicarnosol. The aglycone 6f3-
hydroxicarnosol has been already reported for P. barbatus!:sl. The unfavored loss of
the hexosyl group is associated to the steric hindrance provoked by 7,20-

epoxyabieta-20-one moiety, being consistent with 8 position.

Compound 16 with a retention time of 18.58 min and pseudomolecular ion [M-H]- at
m/z 435.1661 seems to have a similar backbone as compounds 6 and 7 but with an
additional double bond. The fragments suggest the same sequence of fractionation
with the loss of H20 (-18 Da), CH3COOH (-60 Da), H20 (-18 Da) and at last CO (-28
Da) generating the fragments at m/z 417, 375 (base peak), 357 and 329
respectively. This information allows us to identify compound 16 as 3,6,11,12,14-
pentahydroxy-2-acetyl- 5,7,11,13-abietatetraen-7-one, which appears in all the
extracts evaluated (see Table V.3). Similar compounds have been isolated been

isolated from P. madagascariensis'’1l and P. scutellarioides15o.

Compound 17 shows a pseudomolecular ion at m/z 477.1798 [M-H]- corresponding
to the molecular formula C24H30010, being similar to compound 11 but with an
extra double bond. A fragment at m/z 417 (base peak) represents the loss of an
acetyl substituent, followed by two possible fragmentation ways: the successive loss
of the second acetyl group (-60 Da) and CH-OH+ (-30 Da) rendering the fragments
m/z 357 and 327 or vice versa; first CH-OH+ (-30 Da) followed to the second acetyl
group (-60 Da) to render the fragments m/z 387 and 327 (Figure V.9). This
information allows us to tentatively identify compound 17 as 6,11,12,14,16-
pentahydroxy-3,17-diacetyl-5,8,11,13-abietatetraen-7-one,compound  previously

isolated from P. scutellarioides!so,

The last compound identified at a retention time of 21.21 min and a base peak and
pseudomolecular ion at m/z 419.1721[M-H] -, seems to have a similar abietane
backbone as compounds 6 and 7 as well as compound 17. The fragment at m/z 359
(second most abundant with 51%) can be explained by the loss of a neutral acetyl
group [M-H-60]- with the consequent oxidation of the adjacent hydroxyl group at
position 3, as described before with compound 7 (see Figure V.6). The fragment,
with a very low relative intensity (6%) at m/z 341 represents the loss of a water

molecule. Based on this information, the hydroxyl group should be positioned at
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place 6 generating a double bond. The other hydroxyl substituent was placed in a
position that does not allow easy water loss, position 12 (as chemotaxonomic
pattern in most of the abietane diterpenoids identified in Plectranthus genre). All
this information and the hits suggested by the FBMN analysis allows us to
tentatively identify compound 18 as 3,6,12-trihydroxy-2-acetyl-8,12-abietadien-
7,11,14-trione. The coleon U-quinone nucleus suggested for compound 18 has been
recurrently reported for Plectranthus species such as P. madagascariensis, P.

sanguineus, P. forsterii, P. grandidentatus and P. myrianthusi71,

V.4- Discussion

From a macromorphological and phenotypical point of view, there is no difference
between the plants growing in Cuba and those reported in the bibliography.
However, the essential oil production did not reach a level that would have allowed
quantification in any of the four batches. Also, when analysing the
micromorphological aspects, most of the parameters of the plant studied were in
agreement with the international references, but no glandular trichomes were found

on either the abaxial or adaxial leaf surfaceltt110]

Glandular trichomes play a fundamental role in the storage and excretion of the
volatile substances that attract or repel natural enemies. Their absence in the
samples studied in the present work could be the explanation for such a low
production of essential oils, which probably remain stored in the inner vesicles and
maintain the characteristic smell of the plant. It is internationally recognised that
biotic and abiotic aspects lead to changes, especially in sedentary organisms such as
plants. This is even more evident in tropical islands such as Cuba, where climate
change is increasing the aridity and salinity of soils through the combined effects of

increasing drought, high temperatures and evaporations7,

P. neochilus, is a plant native to South Africa (a completely different ecosystem from
Cuba), but is nevertheless distributed worldwide. There are quantitative and
qualitative chemical differences in the production of the essential oil. While in the
coldest regions such as South Africa and Portugal the yield of essential oil
production reaches at least 0.2% and the main constituent is a-terpenyl acetate, in
the plantations of Brazil, citronellol is the main component and the yield barely

reaches 0.03%. The reduction or even failure of essential oil biosynthesis due to
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drought or high temperatures has already been described in the literaturet¢’l. Based
on this assumption, it is possible to hypothesise that under Cuban climatic
conditions (high temperatures and evaporation levels) P. neochilus “protects” its
essential oil production in internal vesicles rather than in glandular trichomes

exposed to the sun, making it less accessible for extraction.

Another consequence described by the effects of drought or high temperatures is
the reduction of photosynthesis. This leads to an increased production of phenolic
and/or polyhydroxylated compounds to counteract the increased production of
reactive oxygen speciesiissl, In the present study, 16 of the 18 identified compounds
show a high oxidation pattern. In general, the isolated compounds can be classified
into two main types of metabolites: Flavonoids and Abietane diterpenoids. From the
eight flavonoids identified, seven have at least six oxygen atoms in their structure
and fiveshows a free or methoxylated catechol moiety in ring B, indicating a high
oxidation pattern. Reports on flavonoids in the genus Plectranthus are not abundant,
but most of them are flavones and flavonolsis4. Exactly these types of flavonoids
were identified in this study: flavones (compounds 2, 4, 10, and 14) and flavonols
(compounds 3, 5, 12, and 13). Recently, the presence of rutin for P. neochilus has
been informedit9and although this compound was not isolated in this work,
compounds 3 and 5 are structurally close. On the other hand, abietane diterpenoids

are frequently reported in the genus Plectranthusi7u.

In this work, we tentatively identified seven abietane diterpenoids (compounds 6, 7,
11, 15, 16, 17, and 18), and with the exception of compound 15, the degree of
oxidation in the other six can be considered high (with an average of eight to ten
oxygen atoms within the diterpene backbone). Due to the scarce information
available on the non-volatile metabolites of P. neochilus, to the best of our
knowledge all identified metabolites, with the exception of rosmarinic acid
(compound 9), were detected for the first time in this species. Furthermore, the high
content of phenolic and/or polyhydroxylated compounds could contribute to the
divergent phytochemical compositions and properties of the Cuban cultivars of P.

neochilus under these particular climatic conditions.

In general, there is a correspondence between the ethnobotanical information

reported for Cuba and the pharmacognostic characteristics and phytochemical

59



CHAPTER V. Determination of quality control parameters of leaf and extracts from Plectranthus neochilus Schltr.

composition of the species growing on the island. Regularly, the information
reported worldwide on this species relates to the production of essential oils and its
pharmacological activity as an antimicrobial and antiparasitic agent(t314103111.113], The
low yield of essential oils that P. neochilus cultivars have in Cuba could reduce their
antimicrobial activity and thus contribute to the fact that P. neochilus extracts for
antiseptic use are not very popular among the island's inhabitants. On the other
hand, the high oxidation pattern of flavonoid and abietane derivatives could lead to

new pharmacological activities.

V.5- Partial conclusions

In the present study, the pharmacognostic and phytochemical profile of Cuban
cultivars of P. neochilus was investigated for the first time. Macro and
micromorphological analysis revealed a low yield in essential oil production and the
absence of glandular trichomes, compared to plants growing in other latitudes.
Different quality control parameters were evaluated for drying the leaves before the
different extraction procedures. The traditional extraction of leaves by the
inhabitants of Cuba was compared with the extraction of dried leaves with aqueous
solvents or ethanol. The three extracts differ mainly in the proportions of their main

constituents but are similar in their chemical composition.
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CHAPTER VI. Effects of Plectranthus neochilus Schltr. extracts on mice
behaviour and brain gene expression.

Modified version of the article that will be submitted to theEtnopharmacology

journal: Rodriguez-Ferreiro, A.0., Perez-Novo, C., Molina-Bertran, S., Llauradé-

Maury, G., Guisado-Bourzac, F., Morales-Aguilera, R. A., Rodeiro-Guerra, 1., Escalona-
Arranz, ]. C. Vanden Berghe, W." (2023). Effects of Plectranthus neochilus Schltr.

extracts on mice behaviour and brain gene expression.

VIL.1. Introduction

Developing countries resort to traditional medicine to make up for the lack of
conventional medicines. In this context, the use of medicinal plants emerges as an
alternative to alleviate their ailments while maintaining their ethnopharmacological
practises. But not always this use is evidence based as claimed by the international
community, nor implemented in the same way, differing according to each country’s

national health programmes and legal /regulatory framework.

Cuba has been implementing since the end of the '80s of the last century, a
structural and systematic program for the development of natural medicines and in
particular phytotherapy. The creation of several research institutes, the
implementation of National Guidelines coordinated by the Ministry of Public Health
or MINSAP (Spanish acronym), and the modification of the legislative/regulatory
landscape allowed the creation of what was called the “National Program of
Traditional and Natural Medicine” 1891, This creates many opportunities for scientific
research of Cuban medicinal plants, which are increasingly popular due to the lack
of conventional drugs in the currentunderdeveloped economicalsituation, suffering

from a blocked economy due to the US embargo.

In this context, P. neochilus considered as naturalised in Cuba in 2016 due to its
quick expansion within the island because of its hypnotic, sedative, analgesic, and
muscle relaxation effects rather than their worldwide traditional usesis. Early
efforts of our research group proved that the plant grown in Cuba lacks quantifiable
essential oils, does not show significant antimicrobial activity; and produces several
flavonoid and abietan diterpenes with high degrees of oxidation that, together with
rosmarinic acid as the main compound, could act at the level of the Central Nervous

System (CNS). In this sense, the present study aims to scientifically validate the
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possible in vivo behavioural effects of traditionally prepared extracts of P. neochilus
based on brain-specific gene expression changes of some of the most common

receptors involved in CNS activities.

VI.2. Material and methods

VI.2.1 Material and reagents

Resazurin, L-glutamine, Tamoxifen, Penicillin, and Streptomycin were purchased
from Sigma-Aldrich (St. Louis, MO, USA). DMEM and RPMI-1640 culture media, heat-
inactivated foetal bovine serum (FBS), and heat-inactivated horse serum were all
purchased from Gibco® (New York, NY, USA). RNAlater®, QIAzol® Lysis Reagent,
RNA and cDNA Kits all purchased from Thermofisher, (Massachusetts, USA). All
primers were purchased to Integrated DNA Technologies (IDI, lowa, USA).

VI.2.2. Plant material and plant extracts preparation

Plant collection followed the same procedure as stated in the previous section
“V.2.1-Plant collection”, while plant extract preparation follows the methodology
described in “V.2.6- Plant extracts preparation and quality control
determinations”. In this way, the three extracts (FLD, DLW, and DLE) explored in
their quality control parameters and phytochemical profile will trail the biological

tests.

VI.2.3. Cell viability assay

Cell viability was fluorometrically determined using the resazurin dye reduction
assay. For this purpose, two cell lines derived from CNS tissues were chosen: PC12
(rat adrenal medulla CRL-1721) and BV2 (mouse microglial cells CRL-2467). The
cell lines were acquired from the American Type Culture Collection (ATCC). PC12
cell were cultured in RPMI 1640, while BV2 in were cultured in DMEM medium. All
media were supplemented with 10% FBS, 1% L-glutamine, 1%
penicillin/streptomycin, whereas for PC12 5% horse serum was used. Cultures were

always maintained at 37°C in a humidified atmosphere at 5% CO-.

Six different concentrations of: 512, 256, 128, 128, 64, 32, at 16 ug/mL were
evaluated for each cell line. In 96-well plates were seeded 190 uL per well of PC12
(5 x10% cell/mL) and BV2 (2.5x103 cell/mL) respectively. Then, 10 pL of the extract
to be evaluated were added at the desired concentration for a final volume of 200

uL, to be incubated later at 37 °C and 5% CO2 for 24 hours. Subsequently, 50 pL/well
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of diluted resazurin (2.2 pg/mL) was added and re-incubated for another 4 hours
under the same conditions stated before. Cell viability was fluorometrically assessed
in a microplate reader (TECAN GENios, Germany); setting the Aex and Aem

parameters in 550 and 590 nM respectively.

The 100% of cell growth was settled from values obtained in the untreated-control
wells while 0% of cell growth was set from wells where only medium was added.
Solvents used for dilution: DMSO and ethanol were evaluated as solvent controls.
CCsp values informed corresponds to the mean of the two replicates performed,
expressing in percent the reduction of cell growth/viability when compared with

the control wells. Tamoxifen was used as cell growth control reference drug.

VI.2.4 In vivo behavioural and motor activity assays

VI.2.4.1 Animals

Male albino mice of the OF1 line (18-21 g body weight and four weeks old)
purchased from the Centre for the Production of Laboratory Animals (CENPALAB,
Havana) were used. The animals were maintained in quarantine for 7 days before
starting the experiment at room temperature and humidity, with natural light/dark
cycles, water, and food ad libitum. Animals were feeding with pelletized feed
supplied by CENPALAB, Havana. The experiments were performed from 08:00 until
13:00 hours, following the ethical principles established for “The handling use of
laboratory animals” 190 recommended by the Cuban and international guidelines,
endorsed in the Work Standards Procedures of the Institute of Marine Sciences
(ICIMAR acronym in Spanish). Experiments were done in a blinded mode and

reproduced by two independent researchers.

VI1.2.4.2 Experimental design

The 50 mice were divided into five groups of ten mice each: Group I: Control
(untreated), Group II: Diazepam (DZP) 2mg/kg (positive control), Group III-V
experimental groups receiving a single dose/application of 500 mg/kg of FLD, DLW,
and DLE extracts respectively. The dosage stated in the experimental (FLD, DLW,
and DLE extracts) and diazepan® groups were selected according to Archana,
2013091, The extracts, the vehicle (un-treated group), and Diazepam were orally
administered (dissolved in 0.9 % saline solution), by gastric cannula at a volume

equivalent to 0.01 mLg-1 of body weight. The administration of test extracts was
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applied from 08:00 while for Diazepam 30 min later. FLD, DLW, and DLE extracts
were prepared the same day of administration by simple dilution in the saline
solution of the previously freeze-driedextracts. Five hours after extract
administration, mice were euthanized with pentobarbital sodium (125 mg/kg,
intravenously) followed by decapitation. Whole brains were transferred into a vial
with RNAlater® for 24 h at 4°C, and immediately stored at -80°C until the RNA

isolation procedure.

VI.2.4.3 Open Field Test

The behaviour and motor activity exploration were tested with the Open Field Test,
consisting in a circular white wall of 15 cm high and 30 cm diameter. An acrylic
square was used as floor, on which a 10 cm diameter concentric circle was
drawni*zl. Behavioural observation starts after 1 hour of administration when
placing each animal in the central circle. Variables measured were: rearing (R), line
crossing (LR), centre square entries (CSE), centre square duration (CRD), grooming
(G), urination (U), and Fecal Pellet number (FPN). Data analysis considered lump
values of all variables for each animal. Blind observation using a manual-digital
stopwatch to calculate the times was used. The total observation time was 6

minutes.

VI.2.4.4 Rotarod test

Dunham similar equipment was used to evaluate the motor coordinationiios,
consisting of a 3 cm diameter horizontal roller that rotates at 8 rpm. Before the
experiment, animals were previously acclimatized (2 min) on the roller without
rotating. Subsequently, the rotation starts counting the time (with a manual-digital
stopwatch) when the animals fall from the roller (in seconds). The experiment
duration was settled in two minutes when the roller is stopped. The test was twice
repeated within 60 min intervals, expressing as average time for statistical

comparisons.

VIL.2.5 Gene expression analysis

Thirty micrograms of whole brain tissue from each experimental animal were
disrupted and homogenized in 700 pL QIAzol® Lysis Reagent in a Tissue Lyser II.
Total RNA was then isolated using the RNA kits (Thermofisher, MA, USA), according

to the manufacturer's protocol. During the purification process, contaminating
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genomic DNA was removed by DNase digestion. The purity and concentration of
total RNA samples were assessed using the Qubit (Thermo Scientific, Wilmington,

USA).

Reverse Transcription-PCR and Real-Time Quantitative PCR

Total RNA (750 ng), was reverse-transcribed to cDNA by the GoScript™ Reverse
Transcriptase kit according to the manufacturer’s protocol. Real-time PCRs were
carried out on the Applied Biosystems Quantstudio 3 Real-Time PCR System
(ThermoFisher, Waltham (Massachusetts), USA). Gene expression was calculated by
the qBase plus programi*4 using actinB (ACTB) and beta-2-microtubulin (BZM) as
housekeeping genes. The following gene-specific primer sets ordered to “Integrated
DNA Technologies (IDT)” were used: PPARGC1A, SIRT3, SOD1, NFKB1, TLR3, TLR4,
S100B, CXCR2, CSF3R, HSPA1B, SELL, TNFA, NRF1, GABRA1l, GABRA3, GABRA4,
GABRAS5, GABRGZ2, GABBR1, OPRM1, OPRD1, OPRL1, DRD1, DRD3, DRD4, CHRM2,
CHRNA1, HTR1A, HTR2A, ATP2A1, CLCN1, BDNF, CREB1, CASP8 and CASP9. The
experiment was carried out in duplicate in three independent biological replicates.
The thermal cycling conditions included initial denaturation at 95°C for 3 min and
subsequent 40 cycles of two-step protocol: denaturation at 95°C for 15s and

annealing/extension at 60°C for 60 s.

VI.2.6 Statistical analysis

Data analysis was performed with GraphPad Prism® software (version 8.0, La Jolla
California, United States) and the results are expressed as mean * standard error of
the mean (SEM). Data were tested for normality (Kolmogorov-Smirnov test) and
homogeneity of variance (Levene's test) before being processed with the
nonparametric Kruskal-Wallis test for the open-field test. For the Rotarod result, a
one-way ANOVA followed by multiple comparison analysis (Tukey) was used. For
the Kruskal-Wallis non-parametric test was also used to analyze the gene
expression data. Relative gene expression data were transformed to their log2
values using the Python-based library Pandas. The z-scores calculation, hierachical
clustering and heat maps generation were performed using the Bioinfokit v2.1.0
data analysis and visulatization toolkit (http://doi.org/10.5281/zenodo.3698145).

In all cases, a P < 0.05 was taken as the level of significance.
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VI.3.1 Cell viability assay

The cell lines PC12 and BV2 were used to evaluate potential harmful cell damage
associated with the different solvent types and the compunds obtenied of P.
neochilus leave extracts. Results shown in Table VI.1 indicate that when water is
used as solvent, no matter the state of the raw material (fresh or dried), P. neochilus
extracts did not induce cytotoxicity in any of the cell lines at the maximum
concentration tested (512 pg/ml). On the contrary, the ethanol extract induces
cytotoxicity in the cell lines tested, for PC12 at CCso >64ug/ml and for BV2 the
cytotoxicity was increased with CCso >32pg/ml after 24 hours of exposure. Based on
those results, it can be inferred that aqueous extracts (as is usually consumed by the
Cuban population) are not toxic for the cell lines under study, and in this way,

offering the first evidence of their safety profile.

VI.3.2 In vivo behavioural and motor activity assays

The results of the observational assessment for a single dose of the experimental
extracts are shown in Figure VI.1. No statistical differences were observed in the
general exploratory behaviour between the control group and the three
experimental extracts in none of the variables explored; even when, for some
variables (especially in grooming behaviour and faecal pellet number (FPN), lower
values were registered. At the same time, test groups differ from the diazepam
group, in which all variables monitored were significantly decreased in relation to
the experimental and control groups. Nevertheless, in some of the variables
monitored, test extracts showed lower values than those obtained for the control
group, particularly in the experimental group III (FLD), which most closely
resembles the traditional extract used by Cuban inhabitants. Accordingly, it can be

stated that P. neochilusextracts barely modified the "anxiety" behaviour in the mice.

The effect obtained in the evaluation of the Rotarod method after acute
administration of FLD, DLW, and DLE extracts of P. neochilus are shown in Figure
VI.2. As can be noticed, FLD experimental extract had a significant effect (p <
0.0029) on motor coordination and grip strength on the rotating rod with respect to
the control group, compared with the effect obtained in the diazepam group. The
other two experimental extracts did not show statistically significant differences

from the control group, but lower values in latency of fall and a different behaviour
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Table VI.1. Cytotoxicity expressed as CCso values of P. neochilus extracts.

Cell lines/Extract FLD (ug/mL) DLW (pg/mL) DLE (pg/mL)

PC12 >512 >512 >64

BV2 >512 >512 >32

FLD- Fresh Leaves Decoction, DLW- Dried Leaves Water, DLE- Dried Leaves Ethanol
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Figure VI.1. Effect observed after acute oral administration of P. neochilus extracts
(500 mg/kg) on OF1 mice (n=10 per group) in the Open Field Test. All variables
expressed the lump values obtained after 1 hour extracts administration and blind
observation using a manual-digital stopwatch. Results are expressed as mean + SEM
after a Kruskal Wallis tests used with *P < 0.05, **P <0.01 and ***P <0.005.
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Figure VI.2. Effect observed after acute oral administration of P. neochilus extracts
(500 mg/kg) on OF1 mice (n=10 per group) in the Rotarod test. Latency of fall
expressed the average time in seconds (using a manual-digital stopwatch) that mice
remain gripped to the rotor after one hour extracts administration. Results are
expressed as mean * SEM after a Kruskal Wallis tests used with *P < 0.05.
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in muscle tone (as contracted) was observed. In general, all P. neochilus extracts
presented numerical values of the monitored variable closer to the diazepam group
than to the control group. These results highlight an appreciable muscle-relaxing

property of P. neochilus extracts, mainly when fresh leaves are used.

VI.3.3 Gene expression

To further characterize a possible molecular mechanism of action involved in the
behavioural in vivo effects of P. neochilus extracts on mice, whole brain samples from
all five experimental groups, were studied to evaluate transcriptional expression
changes of 35 genes of interest (Table VI.2). Of these 35 genes, three genes were not
expressed and did not exceed the RT-qPCR background noise signal (CREB1, CASP8
and CASP9).

The results on the gene expression show that in general, different types of P.
neochilus extracts generate significant changes in the level of expression of various
selected genes as can be appreciated in the heatmap generated (see Figure VI.3).
Various GABA receptors (GABRAS5, GABRGZ2) as well as gapdh decreased expression
when compared to the control and diazepam group, whereas nrfl expression was
similarly repressed by diazepam and the P. neochilus extracts (Figure V1.4). On the
contrary, the genes encoding for the dopaminergic receptors: DRD1, DRD3, were
upregulated compared to the control and Diazepam groups, whereas DLE (and to a
less extent FLD) also revealed increased expression of OPRM1 and OPRL1 opioid
receptors in comparison to the control group (Figure VI.5). To identify the degree of
similarity and/or difference in gene expression changes between the treatments,
individual cluster analyses (for each experimental group) was performed with the
control group (untreated mice), whereas P. neochilus extracts FLD group was
defined as the reference group because it represents the closest approximation to
the type of extract prepared and consumed by Cuban inhabitants. Figure VI1.6(a, b, c,
d) illustrates gene cluster analyses based on the relative expression changes (AACt)
of all individual genes between FLD, DLW, DLE and DZP treatment versus the
control group. Under this premise, those genes clustered at both ends of the cluster
dendrogram reveal the most under or overexpressed gene as compared to the
control group which may play a critical role in the molecular mechanism associated

with the mice behaviour observed in the in vivo experiment.
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As can be seen on the left side of Figure VI.6a, the gene NRFI appears alone in the
first cluster, while GABRAS5, GAPDH, TLR4, and GABRGZ appear together in a second
cluster asthe most repressed genes with respect to the control group. On the other
side of the Figure (right side), the cluster formed by the three opioid receptors
explored (OPRL1, OPRM1 and OPRD1) stands out; as well as the the CXCRZ and DRD1
gene cluster. Those five genes plus DRD3 (which is part of the next group), are the
only ones that are expressed twice or more compared to the control group (see

supplementary data Table VI.1).

On the left side of Figures VI.6b (DLW) and VI.6¢ (DLE) inhibit similar gene clusters
as the FLD extract. However, on the right side, significant differences can be
appreciated for the upregulated genes. While for FLD experimental group six genes
appeared two-fold or more overexpressed, for the experimental groups DLW and
DLE only DRD1 and DRD1 plus OPRL1 genes appear twice or more overexpressed
(Table VI.2). Another difference detected in the gene cluster pattern by these
extracts produced from the dry leaves of the species, is that with exception of DLE,
no significant changes are observed for the opioid genes, and the expression of

cholinergic genes (see Figure V1.6c).

Finally, Figure VI.6d illustrates the unique cluster dendogram following diazepam
treatment, distinct from the P. neochilus groups (Figures VI.6a, VI.6b, and VI.6¢),
with exception of NRFI and TLR4 genes which are similarly under-expressed. At
last, Figure VI.6e combines all three P. neochilus extracts in one cluster analysis to
illustrate that despite the similarities and divergences in the gene expression
pattern between experimental groups, the FLD-induced cluster dendogram pattern

dominates.
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Table VI.2. Gene cluster distribution for P. neochilus extracts and diazepam experimental groups. Gene expression values compared to
the control group.

Cluster number and gene distribution for FLE extract/ (degree of gene down or up-regulation regarding control group)
1 NRF1
(-53.842)
9 GABRA5 TLR4 GAPDH | GABRG2
(-13.443) (-6.834) (-6.044) (-4.618)
3 GABBR1 GABRA1 | GABRA4 TNF
(-2.889) (-2.166) (-3.243) (-1.617)
4 SELL BNDF CSF3R | ATP2A1 NFKB1
(-0.955) (-0.998) (-1.176) (-0.727) (-0.615)
5 HTR2A $100B SOD1 SIRT3 TLR3 | CREB1 | CASP8 | CASP9 | CHRNA1 | HSPA1B | CHRM1 | HTR1A
(-1.018) (-0.372) (-0.523) (-0.146) (-0.110) | (0.000) | (0.000) | (0.000) | (-0.123) | (0.237) | (0.063) | (0.022)
6 CLCN1 |PPARGC1A| DRD4 DRD3
(-0.147) (-0.383) (0.670) (0.618)
7 DRD1 CXCR2
(1.238) (1.873)
8 OPRD1 OPRM1 OPRL1
(2.199) (2.844) (3.367)
Cluster number and gene distribution for DLW extract/ (degree of gene down or up-regulation regarding control group)
1 NRF1
(-53.884)
9 GABRA5
(-13.451)
3 TLR4 GAPDH | GABRG2
(-6.837) (-6.006) (-4.649)
4 GABRA1 GABRA4
(-2.290) (-3.298)
5 SOD1 CSF3R | GABBR1 TNF BNDF | CLCN1 | ATP2A1 | S100B | OPRD1 | TLR3 | SIRT3 | HTR1A | DRD4 | SELL | CREB1 | CASP8 | CASP9
(-1.166) (-1.379) (-1.506) (-1.049) (-0.959) | (-1.126) | (-0.668) | (-0.451) | (-0.476) | (-0.171) | (-0.159) | (0.429) | (-0.201) | (0.022) | (0.000) | (0.000) | (0.000)
6 PPARGC1A| CHRM1 NFKB1 | HSPA1B | OPRM1 | CHRNA1 | HTR2A | OPRL1
(0.176) (0.257) (0.185) (0.201) (0.329) | (0.057) | (0.897) | (1.065)
7 CXCR2 DRD3
(1.971) (2.665)
8 DRD1
(8.5987)
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Cluster number and gene distribution for DLE extract/ (degree of gene down or up-regulation regarding control group)

NRF1
(-53.870)

GABRA5
(-13.492)

TLR4 GAPDH |GABRG2| GABBRI
(6.054) | (6717) | (4621) | (3.257)

GABRA4 | GABRA1 | CSF3R | PPARGCIA
(2.923) | (-2026) | (-1556) | (-2.052)

CLCN1 TNF BNDF | HTR1IA | ATP2A1 | SOD1 | S100B | HTR2A | TLR3 | SELL | NFKB1 | SIRT3 | DRD4 | CREB1 | CASP8 | CASP9
(1.333) | (1.162) | (0.883) | (0913) | (-0.570) | (0.710) | (0505) | (-0.151) | (-0.365) | (-0.357) | (-0.289) | (-0.245) | (0.229) | (0.000) | (0.000) | (0.000)

HSPATB | OPRM1 | OPRD1
(0.243) (0528) | (1.526)

CHRM1 | CHRNA1 | CXCR2 | DRD3
(1.967) (2.286) | (1.849) | (2.186)

OPRL1 DRD1
(8.978) (12.158)

Cluster number and gene distribution for DZP group/ (degree of gene down or up-regulation regarding control group

NRF1
(-53.417)

TLR4
(-5.176)

DRD1 CSF3R | DRD4
(0428) | (0.749) | (-0.382)

OPRD1 BNDF | HTR2A | ATP2A1 | CXCR2 | TLR3 | CASP8 | CASP9 | DRD3
(0458) | (0.387) | (0.382) | (-0.010) | (:0.024) | (0.387) | (0.002) | (0.001) | (0.025)

CHRNAT TNF SIRT3 | PPARGC1A | GABRA5 | HTR1A | GABRG2 | CLCN1 | GABRAT
(0.141) (1499) | (0.863) | (0.722) | (1522) | (0.428) | (2.248) | (1.090) | (1.130)

GABBR1 | HSPA1B | SOD1 SELL
(1.916) (0.807) | (0.408) | (1.192)

NFKB1 | CHRM1 | S100B | CREB1 | OPRM1 | GABRA4 | GAPDH
(1.290) (0.898) | (1.568) | (0.062) | (1.615) | (4.297) | (5.223)

OPRL1
(2.518)
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Figure VI.3. Heatmap representation of hierarchical clustering of log2 transformed
gene expression values of 35 genes, represented as Z-scores for the different
treatment groups.
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Figure VI1.4. Significantly inhibited genes in OF1 mice brain samples after acute oral
administration of P. neochilus extracts (500 mg/Kg). Statistical significance using
Kruskal Wallis tests with *P < 0.05, **P <0.01 and ***P <0.005.
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Figure VL5. Significantly activated genes in OF1 mice brain samples after acute oral
administration of P. neochilus extracts (500 mg/kg). Statistical significance using
Kruskal Wallis tests with *P < 0.05, **P <0.01 and ***P <0.005.
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Figure VI.6. Cluster analysis grouping the expression behavior of the 35 genes
explored in relation with the untreated group. Figures a, b, ¢, and d represents the
difference between the AACt of each explored gene and the AACt calculated for the
control group in FLE, DLW, DLE and DZP groups respectively. Figure 3e represents
the same cluster analysis but considering the three P. neochilus extracts in a single
cluster.
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VI.4. Discussion

In Cuba, P. neochilus is traditionally more frequently used as sedative, hypnotic,
analgesic and muscle relaxant than as anti-microbial agent (most reported use). To
further validate scientific evidence for central nervous effects of P. neochilus grown
in Cuba, this paper aimed to explore the effect of different plant extract formulations
on animal behaviour as well as on gene expression of brain function related genes.
Firstly, the cytotoxicity of FLD, DLW and DLE extracts in PC12 and BV2 cell lines was
evaluated, showing no cytotoxic effect for the aqueous extracts. On the contrary, the
ethanol extract (DLE) showed a high cytotoxicity for both cell lines tested.
Moreover, upon previous phytochemical characterisation of the three explored
extracts (FLD, DLW, DLE), seven abietane diterpenoids were identified at higher
concentrations in the ethanol extract (DLE). Those non-polar abietane diterpenoid
compounds, extracted with preference in low/medium polar solvents such as
ethanol, could be the cause of such differences in the cytotoxic profile. Recent papers
have already shown cytotoxicity of various abietane diterpenoids isolated from
Plectranthus ssp. in several cell linesi461%5, [In a similar approach, the cytotoxic
profile of P. neochilus was correlated with the solvent polarity in an experimental
study using water, methanol, and acetone as solvents, being the acetone extract the

most active/toxicli1ol

Watery extracts (as FLD, and DLW), with low quantities of abietane diterpenoids but
high levels of polyphenol compounds, might offer a cyto-protection through
membrane stabilization and/or by its antioxidant propertiesi?sl. For example
rosmarinic acid, the most abundant polyphenol in the tested extracts, has been
described as a good neuroprotector by inhibiting ROS formation, lipid peroxidation,

and tau protein hyperphosphorylation on PC12 cellsito7.

The behavioural and motoric studies showed that mainly the FLD extract induces a
moderate decrease in the times of mice fall (expressed in seconds), showing similar
behaviour to the positive control group (DZP). To the best of our knowledge, no
previous studies refer to this effect of P. neochilus. Nevertheless, for other species of
the genus, also strong activity on CNS has been informed, such as for P. amboinicus
leaves extracts in ratsi**sl and in mice at doses of 500 and 750 mg/kg9llinducing a

remarkable anxiolytic effect and an appreciable decrease in the animal locomotion
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activityitoo2o0l, The fresh leaves essential oil of P aegyptiacus also showed a significant
central nervous system inhibition activity at doses of 150 mg/kg in the novelty-

induced behavioural test (NIB)zo1,

Furthermore, gene expression results demonstrated that in general, P. neochilus but
especially FLD extract generate significant changes in the level of expression of most
of the genes explored. All GABA receptors (GABRAS5, GABRGZ2, GABBR1, GABRA1, and
GABRA4) appear downregulated (in this order) when compared to the control
group, but especially with the diazepam group. On the contrary, the genes encoding
for the dopaminergic receptors, DRD1, DRD3, and DRD4, as well as opioid receptors,
appear overexpressed in comparison with the control group. Considering the role of
dopamine system in the “fight or flight” behaviour, the overexpression of dopamine
genes is surprising in view of the sedative and muscle relaxing profile informed for
P. neochilus extracts. Dopamine receptors consist of two main families D1 (including
DRD1 and DRD5 receptors) and D2 (including DRDZ2, DRD3, and DRD4 receptors).
Both families are coupled to a G-protein that activate (D1 family) or inhibit (D2
family) the adenylate cyclase. In consequence, one should expect that an increase or
decrease level of cAMP generates an antidepressant-like or depressant-like
response through a D1 or D2 family receptor activationi20z.. Drugs like quinpirole
have shown the so-called D-2/D-3 agonist biphasic effect in which at low doses
decreases the levels of locomotion, and movement and at high doses increases those

behaviour parametersi203.

This biphasic effect has been explained by two ways: the increment in the
production of endocannabinoids in the dorsal striatum after D-2/D-3 receptor
stimulation, and/or the anatomic location of these expressed D-2/D-3 receptors.
Evidence on the first hypothesis sustains that after the endocannabinoid stimulated
production by D-2/D-3 receptor activation, a trans-synaptic endocannabinoid
inhibitory feedback neutralizes the dopamine-induced facilitation of motor
activity204. The second hypothesis states that activation of the presynaptic
dopamine D2/D3 receptor produces a marked decrease in motor activity by
inhibiting dopamine release in the basal ganglia, but the stimulation of post-synaptic
dopamine D2/D3 receptors produces enhanced locomotion and characteristic

stereotyped behaviours (including jumping, climbing and oral movementsizsl,
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On the other hand, the presence of a D1-D3 receptor heteromer that mediates
locomotors activity in rodents, allows a simultaneous interaction between D1R
(adenylate cyclase activator) and D3R (adenylate cyclase inhibitor) agonistsizoél, In
this way, in this heteromer, a mimetic action on D3R increases the affinity of D1R
ligands triggering the strongest dopaminergic response mediated by the D1
receptori27l, This agonists behaviour has been described as “biased signalling” or
“functional selectivity” that encompasses the ability of the ligand to selectively
activate or block a G protein-dependent or independent signalling, emerging as one
of the main challenges in G protein-coupled receptor pharmacologyi2sl. Nowadays, it
is accepted that activation/inactivation of D1 and D2 might reciprocally modulate

each othertzo9],

In this context, all three P. neochilus extracts up-regulate DRD1 and DRD3 receptor
with statistical significance when compared to the control and diazepam groups. As
shown in Figure VI.5 and Table V1.2, the DRD1/ DRD3 expression level ratio is higher
in the dried leaves extracts (DLW, and DLE, favouring DRD1 expression). This might
explain small variations in behavioural anxiety effects in the Open Field Test (Figure
VI.1). A dopaminergic mechanism of action in the reduction of anxiety is not new for
plant pharmaceutical derivates, as occur with Galphimia glauca Cav., which is a

medicinal plant used for treating anxiety and sleep disordersiz1ol.

The interaction between sub-units of the same type of receptor is not the only
approach to understand the functionality of the central nervous system moving
away from the concepts of the classical pharmacology. At the present times, there is
a plethora of evidences proving that receptor-receptor interactions can also altered
receptor recognition, pharmacology and signallingf2:. Most of the studies target
dopamine heterodimers with GABA and opioid receptors. Evidence has shown that
D2-like agonists decrease the activity of the striate pallidal neurons and reduce
striatal GABA release, with a resultant non-expression of the GABAergic
receptorsi2:2l, This receptor-receptor co-activation has been described also for the
three main subclasses of the opioid (u, 6 and k) receptors. Studies on biomodels,
have demonstrated that dopamine modulates nociception in various regions of the

central nervous system213], while immunohistochemistry experiments confirmed a
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co-localization in form of hetero-oligomers of p-receptors with D1-receptors in

neurons of the cortex and caudate nucleus!214,

Also, Yoshida et al, stated an increase of dopamine release after fentanyl
administration as consequence of the simultaneous activation of p and 82 opioid
receptorsi2is. This multiple association between dopamine/opioid/GABA systems
has been described for nociception process in ratsi2:3.. Although the in vivo study did
not prove the antinociceptive effects of P. neochilus extracts, the analgesic effect
ranked third among the most common ethnobotanical uses reported in previous
studies in Cuba. What has been described above is consistent with the effect induced
on gene expression by P. neochilus extracts, therefore, it could be considered as a

possible mechanism of action.

With respect to the muscle contraction process (main effect observed during thein
vivo experiments, Figure VI.2), energy metabolism is pivotal whereasinhibition of
cell respiration might promote muscle relaxation. In fact, NRF1 gene (nuclear
respiratory factor that regulates key metabolic genes, mitochondrial respiration,
energy metabolism, cellular growth and DNA replication) appears in all clusters in
the last left branch as the gene with the lowest gene expression (Figure VI.6a-c).
Along the same way, GAPDH gene expression involved in carbohydrate energy
metabolismi216, is also decreased. The depletion of cellular energy resources might
contribute to the muscle relaxation process observed in vivo and scientifically
validate possible muscle relaxing effects of P. neochilus extracts reported by the

Cuban population.

Finally, inflammatory activity can also modulate stress, sleeping disorders and
depression2t7l. Reciprocally, the anti-inflammatory effects observed such as
inhibition of TLR4, TNFa, NFKB, SOD1, CSF3R and BNDF gene expression may also
contribute in alleviation of sleep disorders and inflammatory diseases, in line with

the traditional use of the plant in Cuba.

Of particular interest, Rosmarinic acid, one of the main compounds identified in P.
neochilus extracts, could mediate most of the mentioned molecular mechanisms. Its
two catechol groups behave as good antioxidant moieties which may reduce the
production of proinflammatory cytokines and microglia activity inhibitionsl,

Rosmarinic acid also proves to be an excellent neuroprotectant, modulating the
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neuronal apoptosis after an ischemic stroke by an antioxidant defence
mechanism219. Furthermore, according to Hase et al., pre-treatment with rosmarinic
acid restored the function of complex I in the mitochondrial respiratory reaction,
and activated the dopamine (DA) signalling pathway by preventing the expression
of monoamine oxidase (MAO) B enzymel220l. Both, mitochondrial respiration and
dopamine activation are also plausible mechanisms of action for P. neochilus

extracts in line with our experimental results.

The presence of other polyphenols in the P. neochilus extracts such as flavonol type
derivatives could also be linked to CNS activity as reported by the Cuban population,
for other medicinal plants. Chamomile flowers (Matricaria recutica L.) have been
used for centuries for their calming effect attributed to the flavone apigenin.
Likewise, linden flowers (Tilia sp.) are recognized as tranquilizers, due to the
presence of quercetin and kaempferoliz21, It is also well accepted that quercetin
(aglycone of some of the flavonoids identified in P. neochilus extracts improves
impaired mitochondrial biogenesis and mitochondrial function through regulation
of the SIRT1/PPARGC1A/NRF1 pathway and inhibition of inflammation through the
TLR4/NF-kB pathwaytz221,

Flavonoid specificinhibition of MAO-A, MAO-B or both, may contribute to protection
of neurons against neuroinflammation, activation of synaptic signalling and
improvement of cerebrovascular blood flow223.. Their involvement in Ca2+ pathways
and phosphorylation/dephosphorylation reactions in 3H-methyl-4-phenylpyridine
uptake by human neuronal dopaminergic cells has been suggested as an alternative
mechanism of action against depression, bipolar disorder and attention deficit
hyperactivity disorder, caused by abnormal dopamine levels. Flavonoids have also
demonstrated their ability to act on ion channels and membrane conductance,

activating Ca%* releasel224.

Abietane diterpenes is another family of compounds we recently identified in P.
neochilus. Sofar, there are only few reports linking these compounds to anti-
inflammatory activity, but rosmarol, a phenolic diterpene isolated from Rosmarinus
officinalis L., is known for its strong antioxidant and anti-inflammatory activity by
down-regulating the gene expression of the inflammatory enzymes iNOS and COX-2

and inhibiting the NF-kappaB activationi2zs]. In addition, rosmarol and carnosol
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(another phenolic diterpene) synergistically alleviate rheumatoid arthritis by

inhibiting the TLR4/NF-kB/HMGB1pathwaytz26l,

Altogether, our study confirms that consumption of fresh leaf extract (FLE) of P.
neochilus, prepared according to the Cuban ethnobotanic tradition, has significant in
vivo effect on mice motor coordination behaviour. At the biochemical level, inducible
gene expression changes of key genes regulating central nervous system
neurotransmitter signaling, as well as energy-metabolism and inflammation may

contribute to the reported sedative effects and improvement of sleep quality.

VL.5. Partial conclusions

The obtainedresults show that P. neochilus extracts, and FLD in more particular,
modify the motor coordination behaviour in the studied mice, which scientifically
validates the ethnomedicinal use of this plant for sedative purposes in the Cuban
population. Upon further gene expression analysis of the corresponding brain tissue,
we identified a preliminar mode of action via activation of the Dopamine/Opioid
system and concomitant inhibition of GABAergic, inflammation and energy
metabolic signalling pathways. Further studies are needed to evaluate whether
recently identified phytochemicals present in P. neochilus FLD extract such as
rosmarinic acid and some flavone derivatives are the main bioactives responsible

for the observed central nervous effects in vivo.
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CHAPTER VII. General Discussion

The Cuban population has a long tradition in the use of medicinal plants as an
alternative therapy to cure and/or alleviate different ailments. This tradition has
been inherited from generation to generation in such a way that it is currently part
of a "national program" for Primary Health Care in Cuba. The use of phytotherapics
opens up a range of opportunities for the economic development of the country and

makes up for the deficiencies of conventional medicines.

Lamiaceae, is one of the well-known botanical families and is characterized by
having aromatic species that are used as condiments, in the cosmetic industry, and
mainly for their medicinal properties. P. neochilus species belongs to this family,
being native to southern Africa. Its cultivation has become naturalized in South
America, mainly in Brazil. It is traditionally used to treat skin conditions, digestive
disorders and to relieve the symptoms of respiratory diseases. In 2016 its presence
was reported in Cuba and its cultivation has spread throughout the national

territory due to the sedative propertiesisl attributed by the Cuban population.

Taking into account the different medicinal usage reported for the species by the
South African and Brazilian versus the Cuban people respectively, it was decided to
setup a systematic bibliographic review and to characterize the ethnobotanical use

of the species in Cuba.

The study was divided into two parts, the first related to a bibliometric study and
the second to an ethnobotanical study. As a result of the bibliometric study, in total
87 manuscripts were found, 32 of them with an ethnobotanical approach and 55 of a
chemical/pharmacological nature. For Cuba, only five hits were found: a first report
in 2016 announced the expansion of the species within the island, associated with
its ornamental and sedative usesi's, while two other follow up papers ratified the
ethnomedicinal use to treat anxiety, depression, and sleep deprivation(t*147l. The

most recent 2 hits were published results derived from the current PhD research.

The ethnobotanical study performed confirms that the species P. neochilus is
popularly known by the common name "Meprobamate" throughout Cuba,
attributing mainly sedative, hypnotic, analgesic and anti-inflammatory effects. It is
generally consumed as a decoction from the fresh leaves and stems of the plant, and

a cup of it is drunk at night approximately 30 minutes before going to bed.
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The study also reported that the species was well known by the population over 38
years old, predominantly by women. The study evidenced the prevalence of the
university level of education, with the majority of informants being formal workers.
Around 500 people who participated in the study declared to have made a
concomitant use of medications on at least one occasion, combining natural and
synthetic medications. The most frequent practice included the group of
benzodiazepines. The participants reported that the reason for the combination of
drugs was to achieve a higher threshold of pharmacological activity, highlighting the

central region as the one with the highest frequency in attending this practice.

Adverse reactions were reported by consumers of the species, despite the fact that
the general population tends to consider natural medicines to be non-toxic. The
most common reactions were vomiting, headaches, bradypsychia, dry mouth in the

morning, collywobbles and loss of orientation.

Of the 27 traditional healers and 106 health workers who participated in the study,
only nine of the interviewees knew or had read about the proven pharmacological

properties and the existence of references on the toxicity of the plant.

Taking into account these last two results results (possible side effects and poor
knowledge from sanitary personal), and the extensive use of the plant; it is
important to suggest training actions from the academia and health authorities.
These actions should mainly target doctors specialised in natural and traditional
medicine, integrative medicine, family doctors among other categories, so that they
can provide validated information on the use of the plant. The design of publicity
campaigns through the mass media and the internet, the distribution of printed
information material, and interventions in communities and primary schools may be
actions to follow in order to disseminate specialized information on the species.
These information and education actions for the population should address issues
related to ethnomedicinal uses (attributed and proven), the form of preparation,
quantity to be consumed, schedules, and adverse reactions, contributing in this way
to the rational use of the species. There is also a need to establish phytovigilance

strategies between health authorities, family doctors' offices and academia.

Despite the important information obtained, the ethnobotanical study of P. neochilus

should be deepened, extending it to other communities throughout the country, in
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order to increase the size of the sample and to be able to compile as much

traditional information as possible on this plant species in the country.

Chapter V was addressed into the determination of the quality parameters of dry
and fresh plant material, as well as its derived extracts, which due to its recent
presence on the island, lack (to the best of our knowledge) to previous scientific

information for the species that grows in Cuba.

The macroscopic parameters determined revealed that there were no phenotypic
differences throughout the year of study for the four lots collected. The cultivated
species was characterized by having a grey-green colour, with succulent leaves, and
many pubescent hairs on both foliar surfaces. The leaves have wrinkled edges,
perinervical venation, wedge-shaped base petiole, and a strong and characteristic
aromatic odour. These distinctive characteristics of its leaves are in coincidence

with those reported for the species growing in Brazil031111 and South Africattt.12109]

Micromorphological determinations showed that both leaf surfaces are pubescent,
but no glandular trichomes were observed. Despite the strong and characteristic
aromatic odor, it was not possible to obtain quantifiable values of essential oils by
the hydrodistillation method. This condition could be related to the absence of
glandular trichomes, substructures that play an important role in the production
and storage of essential oils22. The absence of glandular trichomes could be a
consequence of the naturalization/adaptative process of the species in Cuba, since
this species is typical of temperate climates and grows on the island in high

temperature conditions.

Recent studies have documented that the structure and chemical constituents of
trichomes can change due to the particular light regime, water stress, and salinity.
Therefore, trichomes represent dynamic protective structures that can be affected
due to plant-environment interactionsiz8. This hypothesis has also been put
forward by several authors proposing that the changes in trichome types and/or
their absence are a micromorphological expression conditioned by natural selection

pressuresi227.229],

Non-glandular trichomes protect plant organs against multiple biotic and abiotic
stresses. The protective and defensive functions of these epidermal appendages are

crucial for developing organs and can be attributed to the excellent combination of

77



CHAPTER VII. General Discussion

appropriate structural features and chemical reinforcement in the form of phenolic
compounds, mainly flavonoids. Both trichome formation and the accumulation of

phenolic compounds are interrelated at the molecular leveliz2s230,

On the other hand, an indirect defence mechanism against environmental
adversities is highly evolved in the Lamiaceae family, related to the presence of
jasmonic acidi231232, which stimulates the expression of defence genes as well as the
accumulation of other secondary metabolites such as diterpenoidsi233. Interestingly,
UPLC-DAD-MS/MS analysis revealed the presence of: phenolic compounds such as
rosmarinic acid, the presence of flavonoids, phytohormones (jasmonic acid) and

several abietane diterpenes.

Another indirect measure of its possible adaptation to the dry and arid climate of
the island can be seen in the results obtained in the drying process. As a species with
succulent leaves and stems, natural drying methods (sun and shade) had to be
discarded, since when applied, the samples of P. neochilus took more than three
weeks to dry. Thus, the risk of microbial contamination was increased, as occurred
in the shade dried batches. This resistance to natural drying may be due to the
cuticles of the epidermis, which, as described in the micromorphological study, had

wax incrustations, which delayed desiccation.

The physical, physical-chemical and chemical quality parameters of the drug
determined for the four batches studied showed slightly high total ash values. Total
ash values are a measure of the inorganic substances present in the plant, serving as
a reference to estimate the amount of salts, sands and metals, affecting their quality
if they are very high. The determination of soluble substances pointed to water as
the solvent with the highest extractive capacity for the total metabolites of the
species. This result could be related to the high polarity of the constituents present
in the leaf of the species. No statistically significant differences were observed in any

of the parameters between the four batches collected.

Quality control parameters of three extracts derived from the leaves of the species
that grow in Cuba were evaluated. One of them was a decoction from fresh leaves in
analogy to the traditional methods mentioned in the the surveys collected from the
Cuban population and as described in chapter IV. The other two extracts were

prepared by maceration from the dry drug using water and ethanol as solvents.
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All extracts showed a characteristic odour, while the colour varied according to the
state of the drug and the solvent used, further related to the nature of the extracted
compounds. The aqueous extract derived from fresh leaves of the species showed a
light green colour, the aqueous extract obtained from dried leaves showed a brown
colour and the hydroalcoholic extract showed a dark green colour, which may be
related to the concentration of photosynthetic pigments after extraction with
ethanol. All extracts had the same texture (slightly dense) and their pH values were
slightly acidic, in agreement to the weak acidic characteristics of the extracted

compounds, such as rosmarinic acid, abietane diterpenes, and flavonoids identified.

Although phytochemical UPLC-DAD-MS/MS profiling of the three extracts revealed
qualitative overlap, significant quantitative differences could be observed for each
compound in the different extracts. In addition, 18 compounds were identified, of
which 15 were reported for the first time in this species. Next, the decoction
consumed by the Cuban population was more thoroughly characterized which
identified rosmarinic acid as the main compound, a distinctive characteristic for the

genus Plectranthus and the family Lamiaceael234.

Remarkably, 15 of the identified compounds showed a high oxidation pattern and
classified into two main types of metabolites: flavonoids and abietane diterpenoids.
Of the 8 identified flavonoids, 7 have at least six oxygen atoms in their structure and
five shows a free or methoxylated catechol function in B-ring, indicating a high
oxidation pattern, probably a metabolic reflection of plantwater (draught) stress,

heat stress or a combination thereof for species that grow in Cubarts7.

Similarly, for 6 out of 7 abietan diterpenoids a high degree of oxidation can be
detected. Once again, it can be hypothesized that the presence of these compounds
with a high degree of oxidation could be related to the stress adaptive mechanisms
of the new ecosystem in which the species develops during naturalization of the

species in Cuba.

It has been described that plants subjected to water stress or the presence of high
temperatures reduce their levels of photosynthesisi235.236. The water stress inhibits
plant growth and photosynthesis, it increases reactive oxygen species (ROS), plasma
membrane  permeability, enzymatic antioxidants, and non-enzymatic

antioxidantsi237l. These adaptive changes usually manifest themselves in an increase
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in the production of phenolic and/or polyhydroxylated compounds to counteract
the increased production of reactive oxygen species. With these changes in the
chemical structure of the metabolites, a change in the pharmacological profile of the

plant can also be expected.

Structural analogues of the chemical compounds reported for the first time for the
species growing in Cuba are active on the CNS. The phenolic compound rosmarinic
acid identified in the extracts and characteristic for species of the Lamiaceae family
has been shown in preclinical studies to be active against a variety of
neuropsychiatric disorders such as anxiety(23823, depression and sleep disorders.
Some authors suggest that this effect may be related to its potent antioxidant and

anti-inflammatory propertiesiz4o,

On the other hand, different authors have reported the presence of this polyphenol
for other species of the genus such as Plectrhanthus, which have been shown to have
sedative-hypnotic effects. Kurman et al.,, reported the ethnomedicinal use of P.

amboinicus species to treat different symptoms related to anxiety disordersiz+1,

The anxiolytic activity of the hydroalcoholic extract of leaves of P. scutellarioides was
also reported and evaluated in albino rats in preclinical assays. The “ladder model”
and the "light and dark chamber model” were the methods used, showing that at the
doses of 100 (for the first) and 200 mg/kg (for the second), similar effects to
diazepam 2 mg/kg (positive control drug) were achieved [242. This effect has been
also reported for other species of the Lamiaceae family. A recent study on different
Salvia limbata leaf plantations showed a correlation between the levels rosmarinic
acid produced by its leaves and the sedative-hypnotic and anxiolytic effects of its
extracts on mice through the “pentobarbital-induced loss of righting reflex test” and

the “open-field test” preclinical modelsiz3:

Other compounds identified in extracts derived from P. neochilus leaves were
flavonoids. These secondary metabolites showed sedative-hypnotic, anxiolytic and
antidepressant effects, as well as an improvement in memory capacity in mice. As
mechanism of action it was suggested the prevention of antioxidant enzyme
impairment and the regulation of serotonergic and cholinergic neurotransmitter
pathwaysiz342441,, In open-field tests, flavonoids such as quercetin exhibited an

anxiolytic effect in experimental animals, which may or may not be related to motor
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coordination or neuromuscular blockade. This effect may be related to central

depressant activity24l,

Recent studies have revealed that flavonoids play a key role as a therapeutic agent
in several central nervous system disorders. The most prominent hypotheses on the
pathogenesis of anxiety and depression point out quercetin in the context of the
search for new therapeutic targets to mediate altered neurotransmitter levels.
Depletion of serotonin (5-HT), noradrenaline and dopamine, as systems involved in
the dysregulation of physiological arousal and negative emotions, emerge as the
focuses. Furthermore, quercetin may be one of the main factors regulating anxiety in
the hypothalamic-pituitary-adrenal (HPA) axis, whose function is to respond to
chronic stress and the suppression of neurogenesis in the dentate gyrus of the

hippocampusl244,

Several pharmacological activities of species belonging to the family Lamiaceae are
mainly attributable to their diterpene content. Structural homologues to those
identified in extracts derived from P. neochilus leaves, but in species of the genus
Salvia, were shown to be molecular targets of bioactive diterpenes responsible for
the treatment of diseases related to the nervous system. Effects on different
pathways, including apoptosis signalling, oxidative stress phenomena, beta-amyloid
plaque accumulation and tau phosphorylation, have been considered as mechanisms
of the anti-Alzheimer's properties of diterpenes. On the other hand, their sedative
activity, due to their effect on benzodiazepine and kappa opioid receptors, has been
informed. The neuroprotective activity of several Salvia species has been also
reported as one of its neuropharmacological properties due to the presence of

diterpenesiz4l,

Another example of the sedative and muscle relaxation activity associated with the
presence of abietane diterpenes regards to carnosic acid and seco-abietane
derivatives reported for Salvia leriifolia Benth. In a preclinal study on mice, these
compounds showed a sedative and muscle relaxant activity similar to bromazepam
(reference drug)i2+6l. These compounds are positional isomers to those identified in
P. neochilus extracts, and may be related to the sedative-hypnotic activity reported

by the Cuban population.
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In general, the phytochemical characterisation of the extracts derived from the
leaves of P. neochilus allowed us to suggest which secondary metabolites could be
related to the new ethnopharmacological uses reported (sedative and hypnotic). It
also allows us to visualise the possible mechanism of pharmacological action,
providing a variety of phytochemical markers necessary in the design of further
stability and quality parameters studies as a prelude to obtaining a future

pharmaceutical form as a final product.

Nevertheless, in order to improve the results showed in this research, quality
parameters of the plant drug and extracts derived from P. neochilus should be
determined for a larger number of batches collected at different geographical areas
of Cuba and at different times of the year, with a view to standardisation. The use of
other analytical techniques such as NMR to identify the pure compounds isolated
from the plant are also welcome. Altogether, efforts should be made to ensure a
sustainable source of cultivation of the plant species, which will underpin future
research for the development of phytomedicines and their introduction into the

Cuban National Health System.

To assess whether the extracts were toxic to the cells under study at the working
concentrations, cell viability tests were performed on two cell lines related to the
central nervous systems; classifying the aqueous extracts as "non-toxic" in the two
cell lines tested. A completely different behaviour was observed in the ethanolic
extract, which revealed significant cytotoxicity against all cell lines tested in this

study (PC12 >64 pg/mL and BV2 >32 pug/mL).

As reported in chapter IV, the Cuban population uses P. neochilus species mainly for
its ethnopharmacological benefits, i.e., sedative, hypnotic, analgesic or anti-
inflammatory effects following consumption of the aqueous extract obtained from
the fresh leaves as a decoction. According to the metabolites detected in chapter V,
this effect could be related to the flavonoids and abietan diterpenes identified for
the first time for the species although the possible influence of other metabolites
that may be present cannot be ruled out. These compounds showed a relative high
oxidation pattern which may contribute to a different bioactivity profile and
alternative traditional usage by the Cuban population as compared to the generally

reported ethnomedicinal use elsewhere in the world.
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After analysing the results obtained in chapters IV and V, the neuropharmacological
profile of the three extracts was studied to evaluate the effect of the extracts in
experimental in vivo mouse models, with the aim of verifying the real effect of the
extracts without mediating psychological or suggestive factors. In this
neuropharmacological study, exploratory behaviour and motor coordination were
evaluated in experimental in vivo models. The experimental design consisted of 5
groups of 10 male OF1 mice (n=50), using Diazepam as a positive control.
Benzodiazepines are reference drugs used to evaluate neuropharmacological effects.
It is known that its mechanism of action occurs through the GABAergic pathway,

acting as an inhibitory neurotransmitter of the CNS.

As a result of this study, it was shown that the aqueous extract made from the fresh
leaves and consumed as a decoction by the Cuban population induces a moderate
decrease in the grasping times of the mice’s (expressed in seconds), showing a

similar behaviour to that of the positive control group treated with diazepam.

As far as we know, there is no documented experimental scientific evidence prior to
this research that refers to the experimental evaluation of P. neochilus as species as a
potential muscle relaxant and sleep inducer. However, this effect has been reported

in two other species of the genus Plectranthus.

For the species Plectranthus amboinicus, the anxiolytic effect and a considerable
decrease in its motor activity have previously been reported. This effect was verified
using preclinical observational methods to assess anxious behaviour in the elevated
maze model, the light-dark model, and the hole-board test in rats at doses
equivalent to 350 mg/kg9sl and in mice at doses of 500 and 750 mg/kg(tou. These
concentrations are equivalent/similar to those used in this investigation. Besides
the shared neuropharmacological aspects by P. amboinicus and P. neochilus similar
antimicrobial, antiinflammatory, antitumor, antioxidant and analgesic effects have
also been reported. The species (P. amboinicus) grows well under severe drought, as
it has a lot of water stored in its succulent tissues. It also survives well in severe heat
and burning sun, as well as perennial shade. However, these conditions modify the
chemical profile and the pattern of accumulation of bioactive components in
different parts of the plant. It has been recognized that its essential oil content

varies according to various growth parameters, such as geographical features,
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climate and different stages of collection of plant materialz+71. Both the quality and
the quantity of chemical compounds found in the essential oil are directly related to
the collection area. It is rich in monoterpenes and oxygenated sesquiterpenes(io4,
and its yield varies from an abundant 6.52% to a minimum of 0.55%. Of the non-
volatile compounds, rosmarinic acid and several flavonoids of the flavone and
flavonol type stand out, all with multiple oxygen atoms that exceed an average of six
per compound, although detailed studies of their oxidation pattern depending on
the area and collection conditions have not been analyzed, as has previously been
done for volatile compounds2+7l. Such detailed analysis might contribute in finding a
scientific explanation for "new" pharmacological properties attributed to P.

neochilus that grows in Cuba.

The species Plectranthus aegyptiacus also exhibited significant activity on the CNS at
doses of 150 mg/kg in the novelty-induced behaviour test (NIB)ou. The activity on
the CNS of the extracts obtained from the leaves of these species could be related to
the presence of essential oils, but also to rosmarinic acid and the presence of some

polyhydroxylated flavonesi2+s.

In general, the results obtained from the observational methods to evaluate the
possible anxiolytic effect of the extracts tend to be inconclusive, and sometimes it is
very difficult to discriminate mild differences between the behaviors of the
experimental animals by extract groups. This could be mainly due to the fact that the
intraspecific differences of the animals sometimes exceed the differences between
the treatments, generating high variability of the results when experimenting with
crude natural extracts, due to the presence of a mixture of compoundsiz#l. In these
cases, the compounds present in the extracts can act synergistically but also
antagonistically, which sometimes masks the individual effect of its components. In
contrast, standardized extracts which are chemically well characterized, allow a

more robust analysis, as in the present investigation.

In this study, three extracts with different proportions of two classes of compounds
were considered: flavonoids (flavonol and flavone type) and abietan diterpenes,
which together with rosmarinic acid (as the main compound) make up the complex

matrix of P. neochilus extracts, as described in chapter V.
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In order to elucidate the possible pharmacological mechanism of action of the
extracts derived from the leaves of the P. neochilus species, a gene expression study
of 35 genes was carried out, using whole brains samples of the mice collected at the
end of the in vivo study. These 35 genes were intentionally selected on the basis of
possible underlying mechanisms associated with the neuropharmacological
sedative, hypnotic, analgesic and anti-inflammatory activities attributed by the

Cuban population.

The results of the gene expression analysis showed no expression for GABA
receptors and a differentiated expression of the pathway for dopamine, opioids and
a set of genes associated with muscle relaxation, metabolism and the immune/anti-

inflammatory response.

Two different families characterize dopamine receptors: the D1-type (including D1
and D5 receptors) and the D2-type (including D2, D3, and D4 receptors). Both
receptors are coupled to a G protein, but with different adenylate cyclase
stimulation profile. The D1 family mediates activation signals, while the D2 family
mediates inhibition signals of such enzyme. For this reason, it is expected that the
increase or decrease in cAMP levels may cause a similar response to that is caused
by antidepressant or depressants drugs of the CNS, depending on which family of
dopamine receptors is stimulated: type D1 or type D220z, However, despite these
contrary effects; many commercial drugs such as apomorphine or clozapine are not
completely selective for any specific type of the five dopaminergic receptors; since
all of them share similar structural characteristics and, consequently, they present

different affinity constants depending on the type of receptor to which they bind 2031,

For more than 30 years, the biphasic effect of the so-called D-2/D-3 agonist,
quinpirole, has been recognized: at low doses it decreases locomotion and

movement levels and at high doses it increases these behavioural parameterszo4.

This biphasic effect has been explained in two ways: increased endocannabinoid
production in the dorsal striatum after stimulation of D-2/D-3 receptors, and/or the
anatomical location of these D-2/D-3 receptors. Evidence for the first hypothesis
supports that following stimulated production of endocannabinoids by activation of
D-2/D-3 receptors, a transsynaptic inhibitory feedback of endocannabinoids

neutralizes dopamine-induced facilitation of motor activityizesi. The second holds
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that activation of the presynaptic dopamine D2/D3 receptor produces a marked
decrease in motor activity by inhibiting dopamine release in the basal ganglia; but
stimulation of postsynaptic dopamine D2/D3 receptors results in increased
locomotion and characteristic stereotyped behaviours (including jumping, climbing,

and oral movements)(2o6l,

On the other hand, the presence of a heteromeric D1-D3 receptor that mediates
locomotor activity in rodents is well established. The existence of this heteromer
causes a simultaneous synergistic interaction between agonists D1R (activator of
adenylate cyclase) and D3R (inhibitor of adenylate cyclase), which has been
emonstrated by numerous methods and molecular intermediatesi207l. Thus, in this
heteromer, a mimetic action on the D3R increases the affinity of the D1R ligands,
triggering a response in which that mediated by the D1 receptor prevailsizesl. This
agonist behavior known as "biased signaling” or "functional selectivity" responds to
the ability of the ligand to selectively activate or block G protein-dependent or
independent signaling. In consequence, the reciprocal modulation of D1/D2
receptors is currently recognized, either in favor of activation (prevalence of the
effect mimicked by D1 receptors) or of deactivation (prevalence of the effect
mimicked by D2 receptors) 209, Such a characteristic has been pointed out as one of
the main challenges of the modern pharmacology relating to G protein-coupled

receptorsfzsol,

In this context, the experimental results in mouse brains show that P. neochilus
extracts upregulate the D1 and D3 receptors with high statistical significance when
compared with the control and diazepam groups. According to the results expressed
in the color scale of the heatmap (see Figure VI.3) and/or in the cluster dendrogram
constructed in Figure VL6, the D-1, and D-3 activation levels are more evident in the
extracts of dry leaves (DLW, and DLE) than in the fresh leaf extract (FLD) in both
types of receptors. This is in full agreement with the results in the Open Field Test
(see Figure VI.1), in which the stereotyped behaviors rearing behaviour, central
square duration and grooming behavior are increased in the experimental groups of
dry leaves in relation to the diazepam and FLD groups. A dopaminergic mechanism
of action in reducing anxiety has also been described for Galphimia glauca, which is

a medicinal plant used to treat anxiety and sleep disordersi210,
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Current concepts of modern pharmacology recognize, based on the evidence that
receptor-receptor interactions can alter the recognition, pharmacology, and
signalling of both or other receptors, that the concepts of classical pharmacology are
not sufficient to explain the complex functioning of the CNSi211, Most studies focus
on dopamine heterodimers with GABA and opioid receptors. Experimental evidence
has shown, within the framework of what is called receptor-receptor interactions,
that the reduction in the striatal release of GABA due to its consequent
underexpression of its receptors may be the result of the interaction of D2-type
agonists, decreasing the activity of neurons in the striatum pallidus(2:2i. The striatum
is a structure in which most of the cortical information directed to the basal ganglia
converges. Furthermore, it is innervated by a very high density of the five types of
dopamine receptors, which makes it an important component in a sensorimotor and
cognitive region, therefore; in the regulation of locomotor activity and stereotypic

movementsi2s],

Recent results show that a stimulation of central dopamine D2 receptors could
produce different discriminative effects on the structure of the nucleus accumbens.
Thus, D1 receptor antagonists and/or GABAB receptor agonists may elicit a
dopamine D2 receptor-like effect by regulating identical neurons in the brain. The
authors of the study conclude that the activation/inactivation of D1 and D2 in the

nucleus accumbens can be reciprocally modulated to regulate the brain circuitizel.

This receptor-receptor coactivation has also been described for dopaminergic-
opioid receptors. The three major subclasses of opioid receptors (y, §, and ) are
involved in the regulation of striatal dopaminergic function. Like p receptors,
dopaminergic signaling plays an important role in pain modulation. Biomodel
studies have shown that dopamine modulates nociception in various regions of the
CNS, including various regions of the cortex, periaqueductal gray, and basal
ganglia?z¢. Immunohistochemical experiments demonstrated co-localization in the
form of hetero-oligomers of p receptors with D1 receptors in neurons of the cortex

and caudate nucleus(214,

Animal studies suggest a role for dopamine and the opioid system in reward-related
processes. Yoshida et al., demonstrated that the simultaneous activation of the p and

62 opioid receptors after the administration of fentanyl leads to an increase in the
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release of dopaminel21sl, In contrast to increased extracellular dopamine release in
the nucleus accumbens and dorsal caudate stimulated by p receptors and §-opioid
agonists in rats, activation of k receptors down regulates D2 receptors with impact
on locomotor activity. Recent evidence supports, at the neuronal level that the
inhibition of dopaminergic neurons in the somatodendritic region and in terminal
release sites by k receptor agonists can occur through several signaling pathways
and ion channels, these being specific effects at each of the different synaptic

sitest(2s2],

Understanding the activity of a plant extract within the complex system of CNS
interactions by moving to the binary relationships described above maybe an over
simplification. However, this evidence gives some first clues of a possible
mechanism that supports the neuropharmacological usage of extracts of P. neochilus
by the inhabitants of Cuba. In general, our in vitro/in vivo results reveal an
overexpression of D1/D3, y, and 6 receptors, accompanied by an underexpression of
GABA receptors, consistent with the altered locomotor activity and the stereotypic
movements observed in mice under study. Similarly, multiple reciprocal
associations between dopamine/opioid/GABA signaling systems have been
described for the nociception process in ratsizszl. Even when the in vivo study did not
evaluate the antinociceptive effects of P. neochilus extracts, the analgesic effect was
ranked third among the most common ethnobotanical uses, as stated in chapter 1V,
and the overexpression of D1/D3, y, and 6 receptors can be interpreted as a possible

molecular mechanismof action for such activity.

In addition to the neurotransmitters studied, other genes explored are directly
related to the process of muscle contraction. In this context, atpa2al receptors
(alpha 2 subunit of the Na+/K+ transporter), CLCN1 (voltage-gated chloride
channels) and, to a lesser extent, muscarinic (CHRM1) and nicotinic (CHRNA1)
receptors show a lower level of expression with respect to the control group,
coinciding with the results of the in vivo experiment for the muscle contraction
process. Energy is essential and the downregulation of genes associated with
cellular respiration and energy production is a common finding in experimental

groups, but especially in FLD. Therefore, this is another hypothesis to be considered
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and, consequently, it also offers experimental evidence of the possible relaxing effect

expressed by the Cuban population.

Genes such as NRF1 and GAPDH (glyceraldehyde-3-phosphate dehydrogenase)
show a seven and five times log fold downregulation respectively, occupying the
first and third positions among the 35 genes explored. Other genes associated with
energy and/or cellular metabolism, such as ATPA2A1, SOD1, PPARGC1A
(peroxisome proliferative-activated receptor, gamma, co-activator 1 alpha) are also
expressed at lower levels than the control group. The blocking or inhibition of all
these mechanisms for obtaining energy by the cell may be related to the muscle
relaxation process observed in the experimental biomodels and, consequently, it
also offers experimental evidence of the possible relaxing effect expressed by the

Cuban population.

Finally, the results also suggest involvement of an immunomodulatory mechanism
of action. Sleep and appetite disorders, anxious mood and difficulty concentrating
are some of the characteristics of GAD, associated with psychosocial and functional
impairment. Studies have shown that pro-inflammatory cytokines induce microglial
activation with consequent neuro-inflammation. Currently, there is solid scientific
evidence correlating the level of pro-inflammatory cytokines and microglial
activation with behaviour and emotions, while experimental studies link stress and

GAD with increased immune system activity217.,

In the brain, there are cellular actors that support immunity, within which
microglial cells play an essential role, acting as the resident innate immune system
by eliminating damaged brain tissue and pathogensi2:8. Activated microglia can be
associated with depression and appear increased in the hippocampus and amygdala,
brain structures related to this disorder. In this context, our experimental results
show that P. neochilus extracts moderately decrease expression of most genes
associated with inflammatory and/or immune system intermediates such as TNFa,
NFKB, SOD1, SELL, CSF3R, BDNF, TLR3, TLR4, SIRT3 AND S100B, in this respect, the
immunomodulatory effects of the plant may also support the use of the plant by the

inhabitants of Cuba to treat sleep disorders.

The only exception within this group of downregulated genes is the CXCRZ gene,

which revealed a 3 logfold increase in expression. Despite its role in the
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inflammatory process, this chemokine receptor (activated indistinctly by seven
different chemokines) is associated with different signaling pathways at different
stages of development, as to enhance the survival of hippocampus neurons.
Furthermore, CXCL1, CXCL6 and CXCL8 emerge as the most important activators of
the CXCR2 gene, being involved in different aspects of dopaminergic neuron
development, including proliferation, neurogenesis and differentiationi2ssl. This
versatility means that the effector functions of CXCRZ, depending on the
circumstances, are constantly balancing between the border of protection and
destructionzs4. Therefore, the upregulation of this gene may be more associated
with its role in the development of dopaminergic neurons than with its anti-
inflammatory function, considering that all dopaminergic genes were also

overexpressed after the intake of P. neochilus in mice.

In Chapter IV, several side effects were reported by the Cuban population after the
consumption of P. neochilus leaves decoction. These effects could now be associated
with the molecular mechanism suggested in the present work, being closely related
to the most common adverse reactions to dopaminergic and/or opioid drugs. Thus,
nausea and vomiting could be associated with actions on opioid and DR1 receptors,
loss of orientation, bradypsychia, and colibacillosis with interaction with opioid and
DR2/DR3 receptors, while morning dry mouth is a common side effect of the opioid

drugs.[92255],

Thoroughly, the changes induced in the in vivo behavior of mice and gene expression
after an acute dose of P. neochilus extracts offer scientific evidence that supports the
ethnobotanical use that the Cuban population makes of this plant. All this evidence
can also be correlated with the chemical composition of the species that grows in

Cuba, as was written in chapter V.

Considering the chemical composition of the extracts, rosmarinic acid, as the main
compound, could be involved in the aforementioned mechanisms. Its two catechol
groups allow it to show good antioxidant activity, consequently reducing the
production of proinflammatory cytokines, and inhibiting the microglia activation2+o,
Lev et al. reported that this inflammatory response is mediated by the suppression
of the HMGB1/TLR4/NF-kB signaling pathwayi2s¢ll. Furthermore, and according to

Hase et al., pretreatment with rosmarinic acid restores the function of complex I in
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the mitochondrial respiratory reaction, and activates the dopamine (DA) signaling
pathway by preventing the expression of the enzyme monoamine oxidase (MAO)
Br2201, Both mitochondrial respiration and dopamine activation were also potential
mechanisms addressed for P. neochilus extracts based on experimental results. In
addition, rosmarinic acid proves to be an excellent neuroprotector after an ischemic
stroke, due to its antioxidant defense mechanism that decreases the apoptotic

cascadelz19],

However, rosmarinic acid is not the only bioactive to which the various
pharmacological activities detected can be attributed. Other polyphenols such as
flavones and flavonol-like derivatives detected in P. neochilus extracts may also
contribute to the anti-inflammatory activity. Chamomile flowers could serve as an
example, having been used for centuries for their calming effect, which has been
scientifically attributed to the flavonoid apigenini®. Likewise, linden flowers (Tilia
sp.) are recognized as tranquilizers, due to the presence of quercetin and

kaempferol, which are responsible for the sedative effect observediz21,

A plethora of experimental results support the activity attributable to flavonoids,
such as the case of quercetin (aglycone of some of the flavonoids identified in P.
neochilus extracts) in Chapter V. This compound proved that ameliorates the
impairment of mitochondrial biogenesis and mitochondrial function by regulating
the pathway SIRT1/PPARGC1A/NRF1 and the inhibition of inflammation through the
TLR4/NF-kB pathway2221. All these genes appear repressed in the present work, so
the quercetin derivatives present in the extracts of P. neochilus may also contribute

to the pharmacological activities.

Flavonoids are also inhibitors of MAO-A, MAO-B, or both, while protecting neurons
against neuroinflammation, activating synaptic signaling, and improving
cerebrovascular blood flowiz). Its involvement in Ca?* pathways and
phosphorylation/dephosphorylation reactions in 3H-methyl-4-phenylpyridine
uptake by human neuronal dopaminergic cells has been suggested as a possible
mechanism supporting its use in depression, bipolar disorder and attention deficit
hyperactivity disorder, which are diseases associated with abnormal levels of
dopamine. Flavonoids have also demonstrated their ability to act on ion channels

and membrane conductivity, activating Ca2+ releasel?24. Taking into account their
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ability to cross the blood-brain barrier (BBB), these compounds stand out as
effective modulators of the dopaminergic system and, consequently, could further

contribute to the activity observed in P. neochilus extracts.

Although bibliographic evidenceis more limited for presence of abietan diterpenes
in P. neochilus extracts, their activity may also contribute in the observed
pharmacological effects. Rosmarol, a phenolic diterpene isolated from Rosmarinus
officinalis L., has been shown to have antioxidant activity as well as strong anti-
inflammatory activity by downregulating the gene expression of the inflammatory
enzymes iNOS and COX-2 by inhibiting the activation of NF-kappaB22s.. Likewise,
rosmarol and carnosol (another phenolic diterpene) synergistically alleviate

rheumatoid arthritis by inhibiting the TLR4 /NF-xB/MAPK pathway?2261.

In silico studies can also gives light to the molecular mechanisms involved in P.
neochilus mode of action. Fenoldopam, a selective dopaminergic D1 receptor agonist
it's a benzazepine with a catechol group like dopamine. Recent in silico studies
demonstrated that Fenoldopam can bind DR1 receptors in the orthosteric binding
pocket (OBP) similarly to dopamine. Ligands are very dynamic in the receptor
binding pocket and different ligand binding modes could lead to conformational
heterogeneity of the intracellular receptor pocket, which may contribute to multiple
active state conformations and recruitment of various transducers. Nevertheless,
the extracellular loop residue L190ECL2 plays an important role in the stabilisation

of catechol agonistsi257,

Considering the possible ligand-receptor binding site of this selective DR1 receptor
agonist drug and its similarity in terms of the presence of catechol groups to some of
the chemical compounds identified in the P. neochilus extracts, an analogous
behaviour could be suggested. Of the compounds identified for the extracts:
rosmarinic acid (compound 9), some of the flavones (compounds 2 and 5) and the
abietane diterpenes (compounds 16, 11 and 17) have a catechol group in their
structure. In addition, compounds 11 and 17 have an acetyl group in their structure,
which behaves as an electron donor isostere of the dopamine amino group (NH2), so
these compounds could behave as dopamine bioisosteres. Therefore, it could be

possible that these compounds identified in extracts of the plant species under study
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could activate the dopaminergic receptor families DR1 (DR1 and DR5) and DR2
(DR2, DR3 and DR4).

Future preclinical pharmacological and toxicological studies must be carried out to
complement and/or deepen the mechanism of action of the extracts obtained, and in
particular, the one that reproduces the popular consumption of the leaves of the
plant in Cuba as a sedative. Preclinical studies at repeated doses to observe the
behaviour of the extracts over time; in vitro pharmacological studies with selective
dopaminergic (D1R and D2R) and opioid (i, k and &) receptor agonists are some of

those who could provide the most information.
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CHAPTER VIII. Conclusions

The species that grows and use the Cuban population corresponds to P.
neochilus, confirming and detailing the use of the plant by Cuban population
as hypnotic and sedative throughout the island, being different with what is

worldwide informed.

Quality control parameters of Cuban P. neochilus cultivars revealed the
absent of glandular trichomes, essential oil production, as well as 15 new
compounds for the species, highlighting 8 flavone derivatives, 7 abietane

diterpenoids and rosmarinic acid as main compound.

Plant extracts caused sedative effect as well as a significant muscle relaxing
effect in mice biomodels. Additionally modify on brain samples the
expression of dopaminergic and opioid genes; while muscle contraction

related genes and inflammation intermediaries were negatively modulated.

94



CHAPTER IX




CHAPTER IX. Future Perspectives

CHAPTER IX. Future Perspectives

- The ethnobotanical study of P. neochilus should be deepened, extending it
to other communities throughout the country, in order to increase the
size of the sample and to be able to compile the greatest amount of
traditional information existing in the country on this plant species.

- To replicate the tests for the determination of pharmacognostic quality
parameters with more diverse cultivars (other regions of the country) for
future standardisation of the results; and to repeat the tests for the
determination of pharmacognostic parameters of extracts derived from
leaves of cultivated species of P. neochilus (other regions of Cuba) in order
to standardise their physical, physical-chemical characteristics

- Carry out preclinical studies at repeated doses to observe the behaviour
of the extracts over time. Conduct in vitro pharmacological studies with
selective dopaminergic (D1R and D2R) and opioid (i, ¥ and &) receptor

agonists. Toxicological testing for product safety.

95



REFERENCES




References

References

1.

2.

10.

11.

12.

13.

14.

15.

Staner, L. Sleep and anxiety disorders. Dialogues in clinical neuroscience
2022.

Bhaskar, S.; Hemavathy, D.; Prasad, S. Prevalence of chronic insomnia in adult
patients and its correlation with medical comorbidities. Journal of family
medicine and primary care 2016, 5, 780.

Roth, T. Insomnia: definition, prevalence, etiology, and consequences. Journal
of clinical sleep medicine 2007, 3, S7-S10.

Taylor, D.J.; Mallory, L.J.; Lichstein, K.L.; Durrence, H.H.; Riedel, B.W.; Bush,
A.]. Comorbidity of chronic insomnia with medical problems. Sleep 2007, 30,
213-218.

American Psychiatric Association, D.; Association, A.P. Diagnostic and
statistical manual of mental disorders: DSM-5; American psychiatric
association Washington, DC: 2013; Volume 5.

Vos, T.; Lim, S.S.; Abbafati, C.; Abbas, K.M.; Abbasi, M.; Abbasifard, M.; Abbasi-
Kangevari, M.; Abbastabar, H.; Abd-Allah, F.; Abdelalim, A. Global burden of
369 diseases and injuries in 204 countries and territories, 1990-2019: a
systematic analysis for the Global Burden of Disease Study 2019. The Lancet
2020, 396, 1204-1222.

Morin, C.M.; Edinger, ].D.; Krystal, A.D.; Buysse, D.J.; Beaulieu-Bonneau, S,;
Ivers, H. Sequential psychological and pharmacological therapies for
comorbid and primary insomnia: study protocol for a randomized controlled
trial. Trials 2016, 17, 1-12.

Mayo-Wilson, E.; Dias, S.; Mavranezouli, I.; Kew, K. Clark, D.M.; Ades, A,
Pilling, S. Psychological and pharmacological interventions for social anxiety
disorder in adults: a systematic review and network meta-analysis. The
Lancet Psychiatry 2014, 1, 368-376.

McHugh, R.K.; Whitton, S.W.; Peckham, A.D.; Welge, ].A.; Otto, M.W. Patient
preference for psychological vs pharmacologic treatment of psychiatric
disorders: a meta-analytic review. The Journal of clinical psychiatry 2013, 74,
13979.

Liu, L.; Liu, C; Wang, Y.; Wang, P.; Li, Y.; Li, B. Herbal medicine for anxiety,
depression and insomnia. Current neuropharmacology 2015, 13, 481-493.
Lambrechts, I[.A.; Lall, N. Plectranthus neochilus. 2020, 235-240,
doi:10.1016/b978-0-12-816814-1.00036-3.

York, T.; De Wet, H.; Van Vuuren, S. Plants used for treating respiratory
infections in rural Maputaland, KwaZulu-Natal, South Africa. Journal of
ethnopharmacology 2011, 135, 696-710.

Mota, L.; Figueiredo, A.C.; Pedro, L.G.; Barroso, J.G.; Miguel, M.G.; Faleiro, M.L,;
Ascensao, L. Volatile-Oils Composition, and Bioactivity of the Essential Oils of
Plectranthus barbatus, P. neochilus, and P. ornatus Grown in Portugal.
Chemistry & biodiversity 2014, 11, 719-732.

Pereira, M.; Matias, D.; Pereira, F.; Reis, C.P.,; Simdes, M.F.; Rijo, P.
Antimicrobial screening of Plectranthus madagascariensis and P. neochilus
extracts. Biomed. Biopharm. Res 2015, 12, 127-138.

Ramborger, B.P.; Paz, M.E.G.; Kieling, KM.C.; Carrico, M.R.S.; de Paula Gollino,
G.; Costa, M.T.; Ribeiro, V.B.; Folmer, V.; Denardin, E.L.G.; de Jesus Soares, J.
Toxicological parameters of aqueous residue after using Plectranthus
neochilus for 2, 4-D phytoremediation. Chemosphere 2021, 270, 128638.

96



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.
28.

29.

30.

31.

32.

33.
34.

35.

References

Brito, E.; Gomes, E.; Fale, P.L.; Borges, C. Pacheco, R.; Teixeira, V.,
Machuqueiro, M.; Ascensao, L.; Serralheiro, M.L.M. Bioactivities of decoctions
from Plectranthus species related to their traditional use on the treatment of
digestive problems and alcohol intoxication. | Ethnopharmacol 2018, 220,
147-154, doi:10.1016/j.jep.2018.04.006.

de Souza, P.M.; de Sales, P.M.; Simeoni, L.A,; Silva, E.C.; Silveira, D.; de Oliveira
Magalhaes, P. Inhibitory activity of a-amylase and a-glucosidase by plant
extracts from the Brazilian cerrado. Planta Medica 2012, 78, 393-399.

Santos, LE.M.; Téllez, J.R. Dos especies de Plectranthus (Lamiaceae) de
reciente introduccion en Cuba. Bouteloua 2016, 92-96.

Heredia-Diaz, Y.; Garcia-Diaz, ].; Lopez-Gonzalez, T.; Chil-Nufiez, I.; Arias-
Ramos, D.; Escalona-Arranz, J.C.; Gonzalez-Fernandez, R.; Costa-Acosta, |;
Suarez-Cruz, D.; Sanchez-Torres, M. Estudio etnobotdnico de las plantas
medicinales usadas por los habitantes de Holguin, Regién Oriental, Cuba.
Boletin Latinoamericano y del Caribe de Plantas Medicinales y Aromdticas
2018, 17,160-196.

Brodal, P. The central nervous system: structure and function; oxford
university Press: 2004.

Zeng, H.; Sanes, J.R. Neuronal cell-type classification: challenges,
opportunities and the path forward. Nature Reviews Neuroscience 2017, 18,
530-546.

Krnjevi¢, K. Chemical nature of synaptic transmission in vertebrates.
Physiological Reviews 1974, 54, 418-540.

He, F.; Sun, Y.E. Glial cells more than support cells? The international journal
of biochemistry & cell biology 2007, 39, 661-665.

Moore, K.L.; Dalley, A.F.; Agur, AM. Clinically oriented anatomy; Lippincott
Williams & Wilkins: 2013.

Brenner, G.M.; Stevens, C.W. Farmacologia basica; Elsevier: 2019.

Saladin, K.S. Anatomy & Physiology: The Unity of Form and Function 4th
Edition by. 2018.

Shepherd, G.M. Neurobiology; Oxford University Press: 1988.

Tassé, M.J.; Bush, K.; Center, N. International Classification of Diseases, (ICD-
10). 2015.

Hoyos, C.; Glozier, N.; Marshall, N.S. Recent evidence on worldwide trends on
sleep duration. Current Sleep Medicine Reports 2015, 1, 195-204.

Lopez, O.LF.; Hernandez, B.].; Almirall, R.B.A.; Molina, D.S.; Navarro, J.R.C.
Manual para diagnoéstico y tratamiento de trastornos ansiosos. MediSur
2012, 10, 466-479.

Association, A.P. Anxiety disorders: DSM-5® selections; American Psychiatric
Pub: 2015.

Kheirbek, M.A.; Klemenhagen, K.C.; Sahay, A.; Hen, R. Neurogenesis and
generalization: a new approach to stratify and treat anxiety disorders. Nature
neuroscience 2012, 15,1613-1620.

Siegel, ].M. The neurotransmitters of sleep. J Clin Psychiatry 2004, 65, 4-7.
Longordo, F.; Kopp, C. Liithi, A. Consequences of sleep deprivation on
neurotransmitter receptor expression and function. European Journal of
Neuroscience 2009, 29,1810-1819.

Chen, L.; Zhang, X.; Hu, C.; Zhang, Y.; Zhang, L.; Kan, ].; Li, B.; Du, J. Regulation
of GABAA and 5-HT Receptors Involved in Anxiolytic Mechanisms of Jujube



36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49,

References

Seed: A System Biology Study Assisted by UPLC-Q-TOF/MS and RT-qPCR
Method. Frontiers in Pharmacology 2020, 11, 01320.

Agrawal, J.; Dwivedi, Y. GABAA receptor subunit transcriptional regulation,
expression organization, and mediated calmodulin signaling in prefrontal
cortex of rats showing testosterone-mediated impulsive behavior. Frontiers
in neuroscience 2020, 14, 600099.

de la Mora, M.P.; Gallegos-Cari, A.; Arizmendi-Garcia, Y.; Marcellino, D.; Fuxe,
K. Role of dopamine receptor mechanisms in the amygdaloid modulation of
fear and anxiety: Structural and functional analysis. Progress in neurobiology
2010, 90, 198-216.

Weger, M.; Sandi, C. High anxiety trait: a vulnerable phenotype for stress-
induced depression. Neuroscience & Biobehavioral Reviews 2018, 87, 27-37.
Maron, E.; Nutt, D. Biological markers of generalized anxiety disorder.
Dialogues in clinical neuroscience 2022.

Molina, E.; Cervilla, J.; Rivera, M.; Torres, F.; Bellon, ].A.; Moreno, B.; King, M.;
Nazareth, [.; Gutierrez, B. Polymorphic variation at the serotonin 1-A receptor
gene is associated with comorbid depression and generalized anxiety.
Psychiatric genetics 2011, 21, 195-201.

Cooper, A.J.; Narasimhan, S.; Rickels, K.; Lohoff, F.W. Genetic polymorphisms
in the PACAP and PAC1 receptor genes and treatment response to
venlafaxine XR in generalized anxiety disorder. Psychiatry research 2013,
210,1299-1300.

Narasimhan, S.; Aquino, T.D.; Multani, P.K.; Rickels, K.; Lohoff, F.W. Variation
in the catechol-O-methyltransferase (COMT) gene and treatment response to
venlafaxine XR in generalized anxiety disorder. Psychiatry research 2012,
198, 112-115.

Lohoff, F.; Narasimhan, S.; Rickels, K. Interaction between polymorphisms in
serotonin transporter (SLC6A4) and serotonin receptor 2A (HTR2A) genes
predict treatment response to venlafaxine XR in generalized anxiety disorder.
The pharmacogenomics journal 2013, 13, 464-469.

Lohoff, FW.; Aquino, T.; Narasimhan, S.; Multani, P.; Etemad, B.; Rickels, K.
Serotonin receptor 2A (HTRZ2A) gene polymorphism predicts treatment
response to venlafaxine XR in generalized anxiety disorder. The
pharmacogenomics journal 2013, 13, 21-26.

Narasimhan, S.; Aquino, T.D.; Hodge, R.; Rickels, K.; Lohoff, F.W. Association
analysis between the Val66Met polymorphism in the brain-derived
neurotrophic factor (BDNF) gene and treatment response to venlafaxine XR
in generalized anxiety disorder. Neuroscience letters 2011, 503, 200-202.
Perlis, R,; Fijal, B.; Dharia, S.; Houston, ]. Pharmacogenetic investigation of
response to duloxetine treatment in generalized anxiety disorder. The
Pharmacogenomics Journal 2013, 13, 280-285.

Tian, L.; Rauvala, H., Gahmberg, C.G. Neuronal regulation of immune
responses in the central nervous system. Trends in immunology 2009, 30, 91-
99.

Capuron, L.; Miller, AH. Immune system to brain signaling:
neuropsychopharmacological implications. Pharmacology & therapeutics
2011, 130, 226-238.

Prinz, M.; Priller, ]. The role of peripheral immune cells in the CNS in steady
state and disease. Nature neuroscience 2017, 20, 136-144.



50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

References

Sethi, R.; Goémez-Coronado, N.; Walker, A.].; Robertson, 0.D.A.; Agustini, B,;
Berk, M.; Dodd, S. Neurobiology and therapeutic potential of cyclooxygenase-
2 (COX-2) inhibitors for inflammation in neuropsychiatric disorders.
Frontiers in psychiatry 2019, 10, 605.

Schrott, L.M.; Crnic, L.S. Anxiety behavior, exploratory behavior, and activity
in NZBx NZW F1 hybrid mice: role of genotype and autoimmune disease
progression. Brain, behavior, and immunity 1996, 10, 260-274.

Sakic, B.; Szechtman, H.; Talangbayan, H.; Denburg, S.; Carbotte, R.; Denburg,
J.A. Behavior and immune status of MRL mice in the postweaning period.
Brain, Behavior, and Immunity 1994, 8, 1-13.

O’Donovan, A.; Hughes, B.M.; Slavich, G.M.; Lynch, L.; Cronin, M.-T.; O’Farrelly,
C.; Malone, K.M. Clinical anxiety, cortisol and interleukin-6: Evidence for
specificity in emotion-biology relationships. Brain, behavior, and immunity
2010, 24,1074-1077.

Hall, M.H.; Smagula, S.F.; Boudreau, R.M.; Ayonayon, H.N.; Goldman, S.E,;
Harris, T.B.; Naydeck, B.L.; Rubin, S.M.; Samuelsson, L.; Satterfield, S.
Association between sleep duration and mortality is mediated by markers of
inflammation and health in older adults: the Health, Aging and Body
Composition Study. Sleep 2015, 38, 189-195.

Frey, D.J.; Fleshner, M.; Wright Jr, K.P. The effects of 40 hours of total sleep
deprivation on inflammatory markers in healthy young adults. Brain,
behavior, and immunity 2007, 21, 1050-1057.

Zheng, Z.-H.; Tu, ]J.-L.; Li, X.-H.; Hua, Q.; Liu, W.-Z,; Liu, Y.; Pan, B.-X;; Hu, P,;
Zhang, W.-H. Neuroinflammation induces anxiety-and depressive-like
behavior by modulating neuronal plasticity in the basolateral amygdala.
Brain, behavior, and immunity 2021, 91, 505-518.

Holder, M.K.; Blaustein, J.D. Developmental time course and effects of
immunostressors that alter hormone-responsive behavior on microglia in the
peripubertal and adult female mouse brain. PLoS One 2017, 12,e0171381.
O’Loughlin, E.; Pakan, ].M.; Yilmazer-Hanke, D.; McDermott, KW. Acute in
utero exposure to lipopolysaccharide induces inflammation in the pre-and
postnatal brain and alters the glial cytoarchitecture in the developing
amygdala. Journal of neuroinflammation 2017, 14, 1-12.

Vogel, H.G.; Maas, ].; Hock, F.J.; Mayer, D. Drug discovery and evaluation: safety
and pharmacokinetic assays; Springer: 2013.

Ther, L. Uber eine einfache Methode zur Bestimmung von Weck-und
Beruhigungsmitteln im Tierversuch. Dtsch. Apoth.-Ztg. 1953, 93, 292.
Boissier, J. Dissociation de deux composantes dans le compartment
d'investigation de la souris. Arch Int Pharmacodyn 1964, 147, 372-378.
Boissier, J.; Simon, P.; Lwoff, ]. L'utilisation d'une réaction particuliére de la
souris (méthode de la planche a trous) pour I'étude des médicaments
psychotropes. Therapie 1964, 19, 571-589.

Weischer, M.-L. Eine einfache Versuchsanordnung zur quantitativen
Beurteilung von  Motilitit und Neugierverhalten bei  Mausen.
Psychopharmacology 1976, 50, 275-279.

Allmark, M.; Bachinski, W. A method of assay for curare using rats. Journal of
the American Pharmaceutical Association 1949, 38, 43-45.



65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

References

Boissier, ].-R.; Tardy, J.; Diverres, ].-C. Une nouvelle méthode simple pour
explorer l'action «tranquillisante»: le test de la cheminée. Pharmacology
1960, 3, 81-84.

Dunham, N. A note on a simple apparatus for detecting neurological deficit in
rats and mice. ] Am Pharm Ass 1957, 46, 208-209.

Hattesohl, M.; Feistel, B.; Sievers, H.; Lehnfeld, R.; Hegger, M.; Winterhoff, H.
Extracts of Valeriana officinalis L. sl show anxiolytic and antidepressant
effects but neither sedative nor myorelaxant properties. Phytomedicine 2008,
15, 2-15.

Mulyawan, E.; Ahmad, M.R,; Islam, A.A.; Massi, M.; Hatta, M.; Arif, S.K. Effect of
Valerian Extract on GABRB3 Gene MRNA Expression and Sedation in BALB/C
Mice. Current Bioactive Compounds 2020, 16, 1249-1257.

Akhondzadeh, S.; Naghavi, H.; Vazirian, M.; Shayeganpour, A.; Rashidi, H.;
Khani, M. Passionflower in the treatment of generalized anxiety: A pilot
double-blind randomized controlled trial with oxazepam. Journal of clinical
pharmacy and therapeutics 2001, 26, 363-367.

Graziano, S.; Orsolini, L.; Concetta Rotolo, M.; Tittarelli, R.; Schifano, F,;
Pichini, S. Herbal highs: review on psychoactive effects and
neuropharmacology. Current Neuropharmacology 2017, 15, 750-761.

Salehi, B.; Zakaria, Z.A.; Gyawali, R.; Ibrahim, S.A.; Rajkovic, |.; Shinwari, Z.K.;
Khan, T.; Sharifi-Rad, J.; Ozleyen, A.; Turkdonmez, E. Piper species: A
comprehensive review on their phytochemistry, biological activities and
applications. Molecules 2019, 24, 1364.

Sarris, J.; Stough, C.; Bousman, C.A.; Wahid, Z.T.; Murray, G.; Teschke, R;
Savage, K.M.; Dowell, A.; Ng, C.; Schweitzer, I. Kava in the treatment of
generalized anxiety disorder: a double-blind, randomized, placebo-controlled
study. Journal of clinical psychopharmacology 2013, 33, 643-648.

Sharma, A.; Angulo-Bejarano, P.I.; Madariaga-Navarrete, A.; Oza, G.; Igbal, H,;
Cardoso-Taketa, A.; Luisa Villarreal, M. Multidisciplinary investigations on
Galphimia glauca: a Mexican medicinal plant with pharmacological potential.
Molecules 2018, 23, 2985.

Jiménez-Ferrer, E.; Herrera-Ruiz, M.; Ramirez-Garcia, R.; Herrera-Arellano, A.;
Tortoriello, ]J. Interaction of the natural anxiolytic Galphimine-B with
serotonergic drugs on dorsal hippocampus in rats. Journal of
ethnopharmacology 2011, 137, 724-729.

Aviles-Montes, D.; Herrera-Ruiz, M.; Roman-Ramos, R.; Jimenez-Ferrer, E.;
Gonzalez-Cortazar, M.; Zamilpa, A.; Tortoriello, J. Pharmacological interaction
between galphimine-A, a natural anxiolytic compound and GABAergic drugs.
International Journal of Pharmacology 2015, 11, 944-955.

Santillan-Urquiza, M.A.; Herrera-Ruiz, M.; Zamilpa, A.; Jiménez-Ferrer, E,;
Roman-Ramos, R.; Tortoriello, ]J. Pharmacological interaction of Galphimia
glauca extract and natural galphimines with ketamine and haloperidol on
different behavioral tests. Biomedicine & Pharmacotherapy 2018, 103, 879-
888.

Herrera-Arellano, A.; Jiménez-Ferrer, E.; Zamilpa, A.; Morales-Valdéz, M,;
Garcia-Valencia, C.E.; Tortoriello, ]. Efficacy and tolerability of a standardized
herbal product from Galphimia glauca on generalized anxiety disorder. A
randomized, double-blind clinical trial controlled with lorazepam. Planta
medica 2007, 73, 713-717.



78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

References

Herrera-Arellano, A.; Jiménez-Ferrer, J.E.; Zamilpa, A.; Garcia-Alonso, G;
Herrera-Alvarez, S.; Tortoriello, ]J. Therapeutic effectiveness of Galphimia
glauca vs. Lorazepam in generalized anxiety disorder. A controlled 15-week
clinical trial. Planta medica 2012, 78, 1529-1535.

Mishra, L.-C.; Singh, B.B.; Dagenais, S. Scientific basis for the therapeutic use
of Withania somnifera (ashwagandha): a review. Alternative medicine review
2000, 5, 334-346.

Andrade, C.; Aswath, A.; Chaturvedi, S.; Srinivasa, M.; Raguram, R. A double-
blind, placebo-controlled evaluation of the anxiolytic efficacy ff an ethanolic
extract of withania somnifera. Indian journal of psychiatry 2000, 42, 295.
Salve, |.; Pate, S.; Debnath, K.; Langade, D. Adaptogenic and anxiolytic effects
of ashwagandha root extract in healthy adults: a double-blind, randomized,
placebo-controlled clinical study. Cureus 2019, 11.

Fuladi, S.; Emami, S.A.;; Mohammadpour, A.H.; Karimani, A.; Manteghi, A.A;;
Sahebkar, A. Assessment of the efficacy of Withania somnifera root extract in
patients with generalized anxiety disorder: a randomized double-blind
placebo-controlled trial. Current Reviews in Clinical and Experimental
Pharmacology Formerly Current Clinical Pharmacology 2021, 16, 191-196.
Moradkhani, H.; Sargsyan, E.; Bibak, H.; Naseri, B.; Sadat-Hosseini, M.; Fayazi-
Barjin, A.; Meftahizade, H. Melissa officinalis L., a valuable medicine plant: A
review. Journal of Medicinal Plants Research 2010, 4, 2753-2759.

Doukani, K.; Selles, A.S.M.; Bouhenni, H. Melissa officinalis (lemon balm). In
Naturally Occurring Chemicals Against Alzheimer's Disease; Elsevier: 2021;
pp. 225-241.

Miraj, S.; Azizi, N. Kiani, S. A review of chemical components and
pharmacological effects of Melissa officinalis L. Der Pharmacia Lettre 2016, 8,
229-237.

Miraj, S.; Rafieian-Kopaei; Kiani, S. Melissa officinalis L: A Review study with
an antioxidant prospective. Journal of evidence-based complementary &
alternative medicine 2017, 22, 385-394.

Sofowora, A.,; Ogunbodede, E.; Onayade, A. The role and place of medicinal
plants in the strategies for disease prevention. African journal of traditional,
complementary and alternative medicines 2013, 10, 210-229.

Haybar, H.; Javid, A.Z.; Haghighizadeh, M.H.; Valizadeh, E.; Mohaghegh, S.M.;
Mohammadzadeh, A. The effects of Melissa officinalis supplementation on
depression, anxiety, stress, and sleep disorder in patients with chronic stable
angina. Clinical nutrition ESPEN 2018, 26, 47-52.

Cases, ].I,, Alvinb | Feuillére, Nicolasa | Roller, Marca | Sukkar, Samir G. Pilot
Trial of Melissa Officinalis L. Leaf Extract in the Treatment of Volunteers
Suffering from Mild-to-moderate Anxiety Disorders and Sleep Disturbances.
Mediterranean Journal of Nutrition and Metabolism 2011, 4, 211-218.
Amsterdam, ].D.; Shults, ].; Soeller, I.; Mao, ].J.; Rockwell, K.; Newberg, A.B.
Chamomile (Matricaria recutita) may have antidepressant activity in anxious
depressed humans-an exploratory study. Alternative therapies in health and
medicine 2012, 18, 44.

Morita, K.; Hamano, S.; Oka, M., Teraoka, K. Stimulatory actions of
bioflavonoids on tyrosine uptake into cultured bovine adrenal chromaffin
cells. Biochemical and biophysical research communications 1990, 171, 1199-
1204.



92.
93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

References

Publica., M.d.S. Formulario Nacional de Medicamentos. 2014.

de la Paz Martin-Viafia, N.; Rodriguez Chanfrau, ].; Lopez Herndndez, 0.D.;
Gonzalez Sanabia, M.L.; Gil Apan, ].M.; Fuste Moreno, V.M.; Nogueira Mendoza,
A. Desarrollo tecnoldgico de un medicamento sedante de origen natural a
partir de Justicia pectoralis Jacq. Revista Cubana de Plantas Medicinales 2011,
16,227-235.

Fonseca, F.N.; Silva, A.H.; Leal, L.K. Justicia pectoralis Jacq:, Acanthaceae:
preparation and characterisation of the plant drug including
chromatographic analysis by HPLC-PDA. Revista Brasileira de Farmacognosia
2010, 20,871-877.

Leal, L.LK.A.M.; Silva, AH.; Viana, G.S.d.B. Justicia pectoralis, a coumarin
medicinal plant have potential for the development of antiasthmatic drugs?
Revista Brasileira de Farmacognosia 2017, 27, 794-802.

Laffita, I.U.; Rodriguez, L.P.; Naranjo, E.T.; Hernandez, Y.L.I. Caracterizacién
etnobotanica de la Lawsonia inermis L. en el Distrito José Marti Norte,
Santiago de Cuba. Revista Cientifica del Amazonas 2020, 3, 6-17.

Pimm, S.L.; Jenkins, C.N.; Abell, R.; Brooks, T.M.; Gittleman, J.L.; Joppa, L.N.;
Raven, P.H.; Roberts, C.M.; Sexton, J.0. The biodiversity of species and their
rates of extinction, distribution, and protection. science 2014, 344, 1246752.
Ji, HF,; Li, XJ; Zhang, H.Y. Natural products and drug discovery: can
thousands of years of ancient medical knowledge lead us to new and
powerful drug combinations in the fight against cancer and dementia? EMBO
reports 2009, 10, 194-200.

Ahmed, E.; Arshad, M.; Saboor, A.; Qureshi, R.; Mustafa, G.; Sadiq, S.;
Chaudhari, S.K. Ethnobotanical appraisal and medicinal use of plants in
Patriata, New Murree, evidence from Pakistan. Journal of Ethnobiology and
Ethnomedicine 2013, 9, 1-10.

Raymond M. Harley, S.A,, Andrey L. Budantsev, Philip D. Cantino, Barry ]J.
Conn, Renée ]. Grayer, Madeline M. Harley, Rogier P.]. de Kok, Tatyana V.
Krestovskaja, Ramoén Morales, Alan ]. Paton, and P. Olof Ryding. "Labiatae"”
The Families and Genera of Vascular Plants volume VII. 2004, 167-275.

Zhao, F.; Chen, Y.-P.; Salmaki, Y.; Drew, B.T.; Wilson, T.C.; Scheen, A.-C.; Celep,
F.; Brauchler, C.; Bendiksby, M.; Wang, Q. An updated tribal classification of
Lamiaceae based on plastome phylogenomics. BMC biology 2021, 19, 1-27.
Rice, L.; Brits, G.; Potgieter, C.; Van Staden, ]. Plectranthus: A plant for the
future? South African Journal of Botany 2011, 77, 947-959.

Caixeta, S.C.; Magalhaes, L.G.; de Melo, N.I.; Wakabayashi, K.A.; de P. Aguiar,
G.; de P. Aguiar, D.; Mantovani, A.L.; Alves, ].M.; Oliveira, P.F.; Tavares, D.C.
Chemical composition and in vitro schistosomicidal activity of the essential
oil of Plectranthus neochilus grown in Southeast Brazil. Chemistry &
Biodiversity 2011, 8, 2149-2157.

Lukhoba, C.W.; Simmonds, M.S.; Paton, A.J. Plectranthus: A review of
ethnobotanical uses. Journal of ethnopharmacology 2006, 103, 1-24.
Abdel-Mogib, M.; Albar, H.; Batterjee, S. Chemistry of the genus Plectranthus.
Molecules 2002, 7,271-301.

Waldia, S.; Joshi, B.C.; Pathak, U.; Joshi, M.C. The genus Plectranthus in India
and its chemistry. Chemistry & Biodiversity 2011, 8, 244-252.

Rijo, P. Phytochemical study and biological activities of diterpenes and
derivatives from Plectranthus species. 2011.



108.

109.
110.

111.

112.

113.

114.

115.

116.

117.

118.

1109.

120.

121.

122.

References

El-Deeb, B.; Fayez, K., Gherbawy, Y. Isolation and characterization of
endophytic bacteria from Plectranthus tenuiflorus medicinal plant in Saudi
Arabia desert and their antimicrobial activities. Journal of plant interactions
2013, 8, 56-64.

Mukoma, T. Plectranthus neochilus Schltr.(Lamiaceae). 2004.

Matias, D.; Nicolai, M.; Fernandes, A.S.; Saraiva, N.; Almeida, J.; Saraiva, L.;
Faustino, C.; Diaz-Lanza, A.M.; Reis, C.P.; Rijo, P. Comparison Study of
Different Extracts of Plectranthus madagascariensis, P. neochilus and the
Rare P. porcatus (Lamiaceae): Chemical Characterization, Antioxidant,
Antimicrobial and Cytotoxic Activities. = Biomolecules 2019, 9,
doi:10.3390/biom9050179.

Crevelin, E.J.; Caixeta, S.C.; Dias, H.].; Groppo, M.; Cunha, W.R.; Martins, C.H.G,;
Crotti, A.E.M. Antimicrobial activity of the essential oil of Plectranthus
neochilus against cariogenic bacteria. Evidence-Based Complementary and
Alternative Medicine 2015, 2015.

Tempone, A.G.; Sartorelli, P.; Teixeira, D.; Prado, F.O.; Calixto, L.A.; Lorenzi, H.;
Melhem, M.S. Brazilian flora extracts as source of novel antileishmanial and
antifungal compounds. Memdrias do Instituto Oswaldo Cruz 2008, 103, 443-
449,

Aguiar G, LK, Severiano M, Groppo M, Ambrosio S, Crevelin E. Antifungal
activity of the essential oils of plectranthus neochilus (Lamiaceae) and
tagetes erecta (Asteraceae) cultivated in brazil. International Journal of
Complementary & Alternative Medicine 2018, 11,
doi:10.15406/ijcam.2018.11.00343.

ORSINI, G. Coleus y Plectranthus (Lamiaceae) en Venezuela: actualizacién
nomenclatural y usos tradicionales. Revista de la Facultad de Farmacia 2020,
83.

Coelho, M.d.F.B.; ARRUDA, R.; Pereira, E.D.; Bomfim, A.B.; Germano, E.B.
Propagation of Plectranthus neochilus. Schlechter. journal of Global
Biosciences 2014, 3, 494-498.

Ramborger, B.P.; Paz, M.E.G.; Denardin, E.L.G.; de Jesus Soares, ].; Roehrs, R. A
review of anatomical, physiological, biological characteristics and uses of
Plectranthus neochilus. Ciéncia e Natura 2020, 42, 12.

Duarte, M.d.R.; Lopes, ].F. Stem and leaf anatomy of Plectranthus neochilus
Schltr., Lamiaceae. Revista Brasileira de Farmacognosia 2007, 17, 549-556.
Lorenzi, H.; Matos, F.]. Plantas medicinais no Brasil: nativas e exdticas; 2002.
Fernandes, ].M.; Lopes, C.R.A.S.; Almeida, A.A.S.D. Morfologia de espécies
medicinais de boldo cultivadas no Brasil. Research, Society and Development
2021, 10,e42910615824-e42910615824.

Machado, C.D.; dos Santos, V.L.P.; Novak, R.S.; Koch, M.S.; Arcaro, G.; Raman,
V.; Franco, C.R.C; Farago, P.V,, Budel, ].M. Contributions of trichome
micromorphology to the characterization of species traded as “BOLDO”. Flora
2021,279,151827.

Galbiatti, M.I,; Cassola, F.; Mesquita, A.T.; Pinheiro, G.P.; Mayer, ].L.S.; Sawaya,
A.C.H.F. Plectranthus neochilus Schitr.: Anatomic and cytogenetic analyses
and chemical characterization of its essential oil. South African Journal of
Botany 2021, 143, 97-106.

Codd, L. Lamiaceae, in: Leistner, O.A. 1985.



123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

References

Andrade, J.E.d.C.M.d. Unravelling new ethnopharmacological roles of
Plectranthus species: biological activity screening. 2016.

Lujan, M.C.; Martinez, G.J. Etnobotanica médica urbana y periurbana de la
ciudad de Cérdoba (Argentina). 2019.

Fedon, [.C.y.C.-D.C.A. Botanicaenvenezuela. Available online:
https://botanicaenvenezuela.blogspot.com/search?g=Plectranthus+neochilu
s (accessed on 14/10/2022).

Matuzalen Almao, ].J. Perfil fitoquimico y estudio de la toxicidad aguda y
actividad analgésica del extracto acuoso liofilizado de las hojas secas de la
especie Plectranthus neochilus schltr (lamiaceae). Available online:
http://caelum.ucv.ve/handle/10872/15107 (accessed on 14/10/2022).
Tareau, M.A.; Palisse, M.; Odonne, G. As vivid as a weed... Medicinal and
cosmetic plant uses amongst the urban youth in French Guiana. Journal of
ethnopharmacology 2017, 203, 200-213.

Pooley, E. A field guide to wild flowers of KwaZulu-Natal and the eastern
region. Natal Flora Publications Trust, Durban. 1998.

Morau, D.; Libelle, T.; Garde, F. Performance evaluation of green roof for
thermal protection of buildings in Reunion Island. Energy Procedia 2012, 14,
1008-1016.

Ramborger, B.P.; Gularte, C.A.O.; Rodrigues, D.T.; Gayer, M.C.; Carrigo, M.R.S,;
Bianchini, M.C.; Puntel, R.L. Denardin, E.L.G; Roehrs, R. The
phytoremediation potential of Plectranthus neochilus on 2, 4-
dichlorophenoxyacetic acid and the role of antioxidant capacity in herbicide
tolerance. Chemosphere 2017, 188, 231-240.

Pereira, G.d.C. Estudo de viabilidade de fitorremediagcdo de sulfentrazone
(boral 500) por plectranthus neochilus (boldo gamba) em meio aquoso.
2018.

Lawal, O.; Hutchings, A.; Oyedeji, O. Chemical Composition of the Leaf Oil of
Plectranthus neochilus Schltr. Journal of Essential Oil Research 2010, 22, 546-
547.

Aguiar, G.; Lima, K.; Severiano, M.; Groppo, M.; Ambrésio, S.; Crevelin, E.
Antifungal activity of the essential oils of Plectranthus neochilus (Lamiaceae)
and Tagetes erecta (Asteraceae) cultivated in Brazil. Int. ]| Complement.
Altern. Med 2018, 11, 00343.

Bandeira, J.; Barbosa, F.; Barbosa, L.; Rodrigues, I.; Bacarin, M.; Peters, ].;
Braga, E. Composicdo do o6leo essencial de quatro espécies do género
Plectranthus. Revista Brasileira de Plantas Medicinais 2011, 13, 157-164.
Viana, A.J.S. Estudo quimico e de atividade biolégica de Plectranthus
neochilus Schltr.(Lamiaceae). 2011.

Antinarelli, L.M.; Pinto, N.C.; Scio, E.; Coimbra, E.S. Antileishmanial activity of
some Brazilian plants, with particular reference to Casearia sylvestris. Anais
da Academia Brasileira de Ciéncias 2015, 87, 733-742.

Rijo, P.; Matias, D.; Fernandes, A.S.; Simdes, M.F.; Nicolai, M.; Reis, C.P.
Antimicrobial plant extracts encapsulated into polymeric beads for potential
application on the skin. Polymers 2014, 6, 479-490.

Giraldo, D.; Baquero, E.; Bermunez, A.; Oliveira-Miranda, M.A. Caracterizaciéon
del comercio de plantas medicinales en los mercados populares de Caracas,
Venezuela. Acta botanica venezuelica 2009, 32, 267-301.



https://botanicaenvenezuela.blogspot.com/search?q=Plectranthus+neochilus
https://botanicaenvenezuela.blogspot.com/search?q=Plectranthus+neochilus
http://caelum.ucv.ve/handle/10872/15107

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

References

del Sol, A.B.; Sanchez, L.R.B.; Naranjo, R.A.; Engondo, F.K. Uso tradicional de
las plantas medicinales por la poblaciéon del municipio de Santa Clara, Cuba.
Journal of Pharmacy & Pharmacognosy Research 2018, 6, 374-385.

MACHIN, M.P.; OYARZUN, M.L.S.; CARDENAS, M.d.L.A.B,; RODRIGUEZ, F.M;;
FAZ, E.M. RIVAS, M.R; OROZCO, O.R.M.; MOSQUERA, D.M.G. Estudio
etnobotanico de las plantas mas utilizadas como diuréticas en la Provincia de
Villa Clara, Cuba. Boletin Latinoamericano y del Caribe de Plantas Medicinales
y Aromdticas 2011, 10, 46-55.

ONEIL Oficina Nacional de Estadistica e Informacién (ONEI), Anuario
Estadistico de Cuba 2016.

TRAMIL. 2018. (Traditional Medicine in the Islands). Requerimientos de encuestas.
Programa de investigacion aplicada a la medicina popular del Caribe, Republica
Dominicana. Encuestas TRAMIL. http://www.tramil.net/es/content/modelo-encuestas
LUZ, T.R.S.A. Bioprospeccao de espécies vegetais aromaticas da Amazonia
Legal frente Aedes aegypti L.(DIPTERA: CULICIDAE): uma alternativa para o
controle de arboviroses. 2021.

Ramborger, B.P.; Paz, M.E.G.; Kieling, KM.C.; Costa, M.T.; Denardin, E.L.G,;
Roehrs, R. EFETIVIDADE DA FITORREMEDIACAO DO HERBICIDA 2, 4-D POR
PLECTRANTHUS NEOCHILUS. Anais do Saldo Internacional de Ensino,
Pesquisa e Extensdo 2021, 13.

Ramborger, B.P. Avaliacao toxicolégica da fitorremediagdo, extratos e 6leo
essencial de Plectranthus neochilus. 2022.

Sitarek, P.; Toma, M.; Ntungwe, E.; Kowalczyk, T.; Skala, E.; Wieczfinska, ].;
Sliwinski, T.; Rijo, P. Insight the Biological Activities of Selected Abietane
Diterpenes Isolated from Plectranthus spp. Biomolecules 2020, 10,
doi:10.3390/biom10020194.

Haber, R.B.Y.; Arranz, J.C.E. Usos etnofarmacoldégicos de plantas en el
tratamiento de enfermedades crénicas no transmisibles en Santiago de Cuba.
Orange Journal 2020, 2, 4-22.

Belyani Vargas Batis, Y.M.R.G., Aleixi Cuadra Tamayo, Rubert Rodriguez
Fonseca, Leudis Rios Vargas, Héctor Valdés Rodriguez, Miriela Rizo Mustelier.
Potencialidades de la flora medicinal existente en fincas suburbanas para
generar bienes y servicios en Santiago de Cuba. Agrotecnia de Cuba 2021, 45,
32-41.

Silva, N.S.; da Nébrega, P.I; Marinho, M.L.; Santana, C.C.; de Assis, M.B.
Utilizacdo do extrato hidroalcodlico de plectranthusneochilus no controle da
dor pos-operatéria em gatas. Revista Verde de Agroecologia e
Desenvolvimento Sustentdvel 2012, 7, 17.

Cretton, S.; Saraux, N.; Monteillier, A.; Righi, D.; Marcourt, L.; Genta-Jouve, G.;
Wolfender, J].-L.; Cuendet, M.; Christen, P. Anti-inflammatory and
antiproliferative  diterpenoids  from  Plectranthus  scutellarioides.
Phytochemistry 2018, 154, 39-46.

Arumugam, G.; Swamy, M.K;; Sinniah, U.R. Plectranthus amboinicus (Lour.)
Spreng: botanical, phytochemical, pharmacological and nutritional
significance. Molecules 2016, 21, 369.

Nogueira, A.O.; Oliveira, Y.I.S.; Adjafre, B.L.; de Moraes, M.E.A.; Aragao, G.F.
Pharmacological effects of the isomeric mixture of alpha and beta amyrin
from Protium heptaphyllum: a literature review. Fundamental & clinical
pharmacology 2019, 33, 4-12.



153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

References

Spagnuolo, C.; Moccia, S.; Russo, G.L. Anti-inflammatory effects of flavonoids
in neurodegenerative disorders. European journal of medicinal chemistry
2018, 153,105-115.

Caixeta, S.C.; Magalhdes, L.G.; de Melo, N.I.; Wakabayashi, K.A.; de P. Aguiar,
G.; de P. Aguiar, D.; Mantovani, A.L.; Alves, ].M.; Oliveira, P.F.; Tavares, D.C.
<Chemical Composition and in vitro Schistosomicidal Activity of the Ess.pdf>.
CHEMISTRY & BIODIVERSITY 2011, 8.

Madaleno, .M. Plantas da medicina popular de Sdo Luis, Brasil. Boletim do
Museu Paraense Emilio Goeldi. Ciéncias Humanas 2011, 6, 273-286.

Daio, E.; de Souza, A.S.; de Fatima, M.; Coelho, B.; Amorim, A.V. Use of
medicinal plants in piroas and barra nova, redencao. J Global Biosci 2017, 6,
4758-4762.

Langvik, E.; Saksvik-Lehouillier, [.; Kennair, L.E.O.; Sgrengaard, T.A,;
Bendixen, M. Gender differences in factors associated with symptoms of
depression among high school students: an examination of the direct and
indirect effects of insomnia symptoms and physical activity. Health
Psychology and Behavioral Medicine 2019, 7,179-192.

Pappa, S.; Barmparessou, Z.; Athanasiou, N.; Sakka, E.; Eleftheriou, K
Patrinos, S.; Sakkas, N.; Pappas, A, Kalomenidis, I, Katsaounou, P.
Depression, Insomnia and Post-Traumatic Stress Disorder in COVID-19
Survivors: Role of Gender and Impact on Quality of Life. Journal of
Personalized Medicine 2022, 12, 486.

Beyra, A.; Le6n, M.; Iglesias, E.; Ferrandiz, D.; Herrera, R.; Volpato, G.; Godinez,
D.; Guimarais, M.; Alvarez, R. Estudios etnobotdnicos sobre plantas
medicinales en la provincia de Camagliey (Cuba). In Proceedings of the
Anales del jardin botanico de Madrid, 2004; pp. 185-204.

Zambrano-Intriago, L.F.; Buenafio-Allauca, M.P.; Mancera-Rodriguez, N.J.;
Jiménez-Romero, E. Estudio etnobotanico de plantas medicinales utilizadas
por los habitantes del area rural de la Parroquia San Carlos, Quevedo,
Ecuador. Universidad y Salud 2015, 17,97-111.

Roque, A.d.A.;; Rocha, R.d.M.; Loiola, M.I.LB. Uso e diversidade de plantas
medicinais da Caatinga na comunidade rural de Laginhas, municipio de Caicé,
Rio Grande do Norte (nordeste do Brasil). Revista Brasileira de Plantas
Medicinais 2010, 12, 31-42.

Silva, T.; Freire, E. Abordagem etnobotanica sobre plantas medicinais citadas
por populacdes do entorno de uma unidade de conservacdo da caatinga do
Rio Grande do Norte, Brasil. Revista Brasileira de Plantas Medicinais 2010, 12,
427-435.

Griffin, C.E.; Kaye, A.M.; Bueno, F.R.; Kaye, A.D. Benzodiazepine pharmacology
and central nervous system-mediated effects. Ochsner Journal 2013, 13, 214-
223.

Jeon, S.J.; Park, H.J.; Gao, Q.; Lee, H.E.; Park, S.J.; Hong, E.; Jang, D.S.; Shin, C.Y.;
Cheong, J.H.; Ryu, ]J.H. Positive effects of B-amyrin on pentobarbital-induced
sleep in mice via GABAergic neurotransmitter system. Behavioural Brain
Research 2015, 291, 232-236.

Organization, W.H. World Health Organization Access to medicines: Making
market forces serve the poor, 2017. Ten years in public health 2007-2017 .
2107.



166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

References

Newman, D.J.; Cragg, G.M. Natural products as sources of new drugs over the
nearly four decades from 01/1981 to 09/2019. Journal of natural products
2020, 83,770-803.

Borges, C.V.; Minatel, [.O.; Gomez-Gomez, H.A.; Lima, G.P.P. Medicinal plants:
Influence of environmental factors on the content of secondary metabolites.
In Medicinal plants and environmental challenges; Springer: 2017; pp. 259-
2717.

Yuan, Y.; Tang, X;; Jia, Z.; Li, C.; Ma, ].; Zhang, ]. The effects of ecological factors
on the main medicinal components of Dendrobium officinale under different
cultivation modes. Forests 2020, 11, 94.

Borges, G.A.; Ferreira, ].F.; Elias, S.T.; Guerra, E.N.S.; Simeoni, L.A. Cytotoxic
effect of Plectranthus neochilus extracts in head and neck carcinoma cell
lines. African Journal of Pharmacy and Pharmacology 2016, 10, 157-163.
Thamkaew, G.; Sjoholm, [; Galindo, F.G. A review of drying methods for
improving the quality of dried herbs. Critical Reviews in Food Science and
Nutrition 2021, 61, 1763-1786.

Garcia, C.; Teodésio, C.; Oliveira, C.; Oliveira, C.; Diaz-Lanza, A.; Reis, C.;
Duarte, N.; Rijo, P. Naturally occurring Plectranthus-derived diterpenes with
antitumoral activities. Current Pharmaceutical Design 2018, 24, 4207-4236.
Garcia-Diaz, J.E.-A., ].C. Rojas-Vargas, ].A.; Machado-Garcia, R. Gordillo-Pérez,
M. Escalona-Caparros, A. Pharmacognostic and phythochemical studies of
Croton linearis Jacq. leaves. . J. Pharmacogn. Phytochem. Res 2016, 8, 512-
518.

THEOBALD, W.L. Trichome description and classification. Anatomy of the
Dicotyledons. 2nd edition. 1979, 1, 40-53.

Organization, W.H. World Health Organization Quality control methods for
medicinal plant materials World Health Organization Geneva;. 1998.

Zeng, ].; Tan, M.; Peng, X,; Luo, Q. Standardization and quality control of
herbal extracts and products. Traditional herbal medicine research methods:
identification, analysis, bioassay, and pharmaceutical and clinical studies
2011,377-427.

Wang, M.; Carver, ].J.; Phelan, V.V,; Sanchez, L.M.; Garg, N.; Peng, Y.; Nguyen,
D.D.; Watrous, J.; Kapono, C.A.; Luzzatto-Knaan, T. Sharing and community
curation of mass spectrometry data with Global Natural Products Social
Molecular Networking. Nature biotechnology 2016, 34, 828-837.

Nothias, L.-F.; Petras, D.; Schmid, R.; Diihrkop, K.; Rainer, ].; Sarvepalli, A.;
Protsyuk, I.; Ernst, M.; Tsugawa, H.; Fleischauer, M. Feature-based molecular
networking in the GNPS analysis environment. Nature methods 2020, 17,
905-908.

Duarte, M.d.R.; Lopes, ].F. Anatomia caulinar e foliar de Plectranthus
neochilus Schltr., Lamiaceae. Revista Brasileira de Farmacognosia 2007, 17,
549-556.

de Oliveira, G.G.; Neto, F.C.; Demarque, D.P.; de Sousa Pereira-Junior, J.A,;
Peixoto Filho, R.C.S.; de Melo, S.J.; da Silva Almeida, ].R.G.; Lopes, ].L.C.; Lopes,
N.P. Dereplication of flavonoid glycoconjugates from Adenocalymma
imperatoris-maximilianii by untargeted tandem mass spectrometry-based
molecular networking. Planta medica 2017, 83, 636-646.

Ferreres, F.; Llorach, R, Gil-Izquierdo, A. Characterization of the
interglycosidic linkage in di-, tri-, tetra-and pentaglycosylated flavonoids and



181.

182.

183.

184.

185.

186.

187.

188.

189.

190.
191.

192.

193.

194.

195.

196.

References

differentiation of positional isomers by liquid chromatography/electrospray
ionization tandem mass spectrometry. Journal of Mass Spectrometry 2004,
39,312-321.

Vukics, V.; Guttman, A. Structural characterization of flavonoid glycosides by
multi-stage mass spectrometry. Mass Spectrometry Reviews 2010, 29, 1-16.
Grayer, R.J.; Eckert, M.R,; Lever, A, Veitch, N.C; Kite, G.C; Paton, AlJ.
Distribution of exudate flavonoids in the genus Plectranthus. Biochemical
Systematics and Ecology 2010, 38, 335-341.

Abdissa, N.; Frese, M.; Sewald, N. Antimicrobial abietane-type diterpenoids
from Plectranthus punctatus. Molecules 2017, 22, 1919.

Cuyckens, F.; Claeys, M. Mass spectrometry in the structural analysis of
flavonoids. Journal of Mass spectrometry 2004, 39, 1-15.

Ablajan, K.; Abliz, Z.; Shang, X.Y.; He, ].M.; Zhang, R.P.; Shi, ].G. Structural
characterization of flavonol 3, 7-di-O-glycosides and determination of the
glycosylation position by using negative ion electrospray ionization tandem
mass spectrometry. Journal of Mass Spectrometry 2006, 41, 352-360.
Alasbahi, R.H.; Melzig, M.F. Plectranthus barbatus: a review of
phytochemistry, ethnobotanical uses and pharmacology-part 2. Planta
medica 2010, 76, 753-765.

Llauradé Maury, G.; Méndez Rodriguez, D.; Hendrix, S.; Escalona Arranz, J.C.;
Fung Boix, Y.; Pacheco, A.O.; Garcia Diaz, J.; Morris-Quevedo, H.J.; Ferrer
Dubois, A.; Aleman, E.I. Antioxidants in plants: A valorization potential
emphasizing the need for the conservation of plant biodiversity in Cuba.
Antioxidants 2020, 9, 1048.

Sampaio, B.L.; Edrada-Ebel, R.; Da Costa, F.B. Effect of the environment on the
secondary metabolic profile of Tithonia diversifolia: a model for
environmental metabolomics of plants. Scientific reports 2016, 6, 1-11.
Escalona, ].C.; Peres-Roses, R.; Rodriguez, ].R.; Laurido, C.; Vinet, R;
Lafourcade, A.; Jaimes, L., Martinez, ]J.L. Traditional Medicine in Cuba:
Experience in Developing Products based on Medicinal Plants. THERAPEUTIC
MEDICINAL PLANTS 2016, 174.

Albus, U. Guide for the care and use of laboratory animals (8th edn). 2012.
Archana, C. Antianxiety effect of alcoholic leaf extract of Plectranthus
amboinicus in mice. Asian journal of biomedical and pharmaceutical sciences
2013, 3, 29-32.

Wilson, R.C,; Vacek, T.; Lanier, D.L.; Dewsbury, D.A. Open-field behavior in
muroid rodents. Behavioral biology 1976, 17, 495-506.

Dunham, N.; Miya, T.; Edwards, L. The Pharmacological Activity of a Series of
Basic. Journal of the American Pharmaceutical Association 1957, 46, 64-66.
Angela Pérez-Novo, C.; Claeys, C.; Speleman, F.; Van Cauwenberge, P.; Bachert,
C.; Vandesompele, J. Impact of RNA quality on reference gene expression
stability. Biotechniques 2005, 39, 52-56.

Ndjoubi, K.O.; Sharma, R.; Badmus, J.A.; Jacobs, A.; Jordaan, A.; Marnewick, J.;
Warner, D.F.; Hussein, A.A. Antimycobacterial, cytotoxic, and antioxidant
activities of abietane diterpenoids isolated from plectranthus
madagascariensis. Plants 2021, 10, 175.

Berenguer-Rivas, C.A.; Lores, O.F.; Escalona-Arranz, J.C.; de la Vega-Acosta, |.;
Arro-Diaz, D.].; Guisado-Bourzac, F.; Llaurad6-Maury, G.; Morris-Quevedo, H.J.



197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

References

Cytoprotective activity of extracts from Adelia ricinella L. aerial parts. Journal
of Pharmacy & Pharmacognosy Research 2021, 9, 892-904.

Rong, H.; Liang, Y.; Niu, Y. Rosmarinic acid attenuates (3-amyloid-induced
oxidative stress via Akt/GSK-33/Fyn-mediated Nrf2 activation in PC12 cells.
Free Radical Biology and Medicine 2018, 120, 114-123.

Tiwari, D.; Nagar, H.; Dwivedi, G.; Tripathi, R.; Jena, J. Evaluation of anti-
anxiety activity of Plectranthus amboinicus (Lour.) on rats. Asian ] Pharm Clin
Res 2012, 5,110-113.

Magalingam, K.B.; Radhakrishnan, A.K.; Haleagrahara, N. Protective
mechanisms of flavonoids in Parkinson’s disease. Oxidative medicine and
cellular longevity 2015, 2015.

Moon, D.-0.; Kim, M.-0.; Lee, ]J.-D.; Choi, Y.H.; Kim, G.-Y. Rosmarinic acid
sensitizes cell death through suppression of TNF-a-induced NF-kB activation
and ROS generation in human leukemia U937 cells. Cancer letters 2010, 288,
183-191.

Akuegbe, E.D.; Oyemitan, LA.; Ogunlowo, LI; Miya, G.M.; Oyedeji, 0.0,
Oyedeji, A.O. Behavioural activities and chemical composition of fresh leaf
essential oil of Plectranthus aegyptiacus from Southwest Nigeria in mice. GSC
Biological and Pharmaceutical Sciences 2021, 14, 064-076.

D'Aquila, P.S.; Collu, M.; Gessa, G.L.; Serra, G. The role of dopamine in the
mechanism of action of antidepressant drugs. European journal of
pharmacology 2000, 405, 365-373.

Missale, C.; Nash, S.R.; Robinson, S.W.; Jaber, M.; Caron, M.G. Dopamine
receptors: from structure to function. Physiological reviews 1998, 78, 189-
225.

Eilam, D.; Szechtman, H. Biphasic effect of D-2 agonist quinpirole on
locomotion and movements. European journal of pharmacology 1989, 161,
151-157.

Beltramo, M.; de Fonseca, F.R.; Navarro, M.; Calignano, A.; Gorriti, M.A,;
Grammatikopoulos, G.; Sadile, A.G.; Giuffrida, A.; Piomelli, D. Reversal of
dopamine D2 receptor responses by an anandamide transport inhibitor.
Journal of Neuroscience 2000, 20, 3401-3407.

Luque-Rojas, M.].; Galeano, P.; Suarez, |.; Araos, P.; Santin, L.]J.; de Fonseca,
F.R.; Calvo, E.B. Hyperactivity induced by the dopamine D2/D3 receptor
agonist quinpirole is attenuated by inhibitors of endocannabinoid
degradation in mice. International Journal of Neuropsychopharmacology
2013, 16, 661-676.

Guitart, X.; Moreno, E.; Rea, W.; Sdnchez-Soto, M.; Cai, N.-S.; Quiroz, C.; Kumar,
V.; Bourque, L.; Cortés, A.; Canela, E.I. Biased G protein-independent signaling
of dopamine D1-D3 receptor heteromers in the nucleus accumbens.
Molecular neurobiology 2019, 56, 6756-6769.

Fiorentini, C.; Busi, C.; Gorruso, E.; Gotti, C.; Spano, P.; Missale, C. Reciprocal
regulation of dopamine D1 and D3 receptor function and trafficking by
heterodimerization. Molecular pharmacology 2008, 74, 59-69.

Mori, T., Yamashita, K., Takahashi, K., Mano, S.; Sato, D.; Narita, M.
Characterization of the discriminative stimulus effect of quinpirole: Further
evidence for functional interaction between central dopamine D1/D2-
receptors. Pharmacology Biochemistry and Behavior 2022, 213, 173314.



210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.
222.

223.

224.

References |

Borras, S.; Martinez-Solis, I.; Rios, ].L. Medicinal Plants for Insomnia Related
to Anxiety: An Updated Review. Planta Medica 2021.

Qian, M.; Vasudevan, L.; Huysentruyt, ]., Risseeuw, M.D.; Stove, C,;
Vanderheyden, P.M.; Van Craenenbroeck, K. Van Calenbergh, S. Design,
synthesis, and biological evaluation of bivalent ligands targeting Dopamine
D2-Like Receptors and the p-Opioid Receptor. ChemMedChem 2018, 13, 944-
956.

de la Mora, M.P,; Ferré, S.; Fuxe, K. GABA-dopamine receptor-receptor
interactions in neostriatal membranes of the rat. Neurochemical research
1997, 22,1051-1054.

Li, C.; Sugam, J.A.; Lowery-Gionta, E.G.; McElligott, Z.A.; McCall, N.M.; Lopez,
AJ.; McKlveen, ].M.; Pleil, K.E.; Kash, T.L. Mu opioid receptor modulation of
dopamine neurons in the periaqueductal gray/dorsal raphe: a role in
regulation of pain. Neuropsychopharmacology 2016, 41, 2122-2132.

Juhasz, J.R.; Hasbi, A.; Rashid, A.J.; So, C.H.; George, S.R.;; O'Dowd, B.F. Mu-
opioid receptor heterooligomer formation with the dopamine D1 receptor as
directly visualized in living cells. European journal of pharmacology 2008,
581, 235-243.

Yoshida, Y.; Koide, S.; Hirose, N.; Takada, K.; Tomiyama, K.; Koshikawa, N.;
Cools, A. Fentanyl increases dopamine release in rat nucleus accumbens:
involvement of mesolimbic mu-and delta-2-opioid receptors. Neuroscience
1999, 92, 1357-1365.

Rashedinia, M.; Alimohammadi, M.; Shalfroushan, N.; Khoshnoud, M.];
Mansourian, M.; Azarpira, N.; Sabahi, Z. Neuroprotective effect of syringic
acid by modulation of oxidative stress and mitochondrial mass in diabetic
rats. BioMed Research International 2020, 2020.

Carlessi, A.S.; Borba, L.A.; Zugno, A.L;; Quevedo, J.; Réus, G.Z. Gut microbiota-
brain axis in depression: The role of neuroinflammation. European Journal of
Neuroscience 2021, 53, 222-235.

Engelhardt, B.; Vajkoczy, P.; Weller, R.0. The movers and shapers in immune
privilege of the CNS. Nature immunology 2017, 18, 123-131.

Cui HY, Z.X,, Yang Y, Zhang C, Zhu CH, Miao ]JY, Chen R. Rosmarinic acid elicits
neuroprotection in ischemic stroke via Nrf2 and heme oxygenase 1 signaling.
Neural Regen Res 2018, 13, 2119-2128, doi:doi: 10.4103/1673-5374.241463.
Hase, T.; Shishido, S.; Yamamoto, S.; Yamashita, R.; Nukima, H.; Taira, S.;
Toyoda, T.; Abe, K,; Hamaguchi, T.; Ono, K. Rosmarinic acid suppresses
Alzheimer’s disease development by reducing amyloid B aggregation by
increasing monoamine secretion. Scientific Reports 2019, 9, 1-13.

Jager, A.K,; Saaby, L. Flavonoids and the CNS. Molecules 2011, 16, 1471-1485.

Shen, P.; Lin, W,; Ba, X.; Huang, Y.; Chen, Z.; Han, L.; Qin, K;; Huang, Y.; Tu, S.
Quercetin-mediated SIRT1 activation attenuates collagen-induced mice
arthritis. Journal of Ethnopharmacology 2021, 279, 114213.

Spencer, ].P. The impact of fruit flavonoids on memory and cognition. British
Journal of Nutrition 2010, 104, S40-547.

Meireles, M.; Moura, E.; Vieira-Coelho, M.A.; Santos-Buelga, C.; Gonzalez-
Manzano, S.; Dueiias, M.; Mateus, N.; Faria, A.; Calhau, C. Flavonoids as
dopaminergic neuromodulators. Molecular nutrition & food research 2016,
60,495-501.



225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

References

Lai, C.-S.; Lee, ]J.H.; Ho, C.-T.; Liu, C.B,; Wang, J.-M.; Wang, Y.-].; Pan, M.-H.
Rosmanol potently inhibits lipopolysaccharide-induced iNOS and COX-2
expression through downregulating MAPK, NF-«kB, STAT3 and C/EBP
signaling pathways. Journal of Agricultural and Food Chemistry 2009, 57,
10990-10998.

Li, L.; Pan, Z.; Ning, D.; Fu, Y. Rosmanol and carnosol synergistically alleviate
rheumatoid arthritis through inhibiting TLR4/NF-kB/MAPK pathway.
Molecules 2021,27, 78.

Kaur, J.; Kariyat, R. Role of trichomes in plant stress biology. Evolutionary
ecology of plant-herbivore interaction 2020, 15-35.

Karabourniotis, G.; Liakopoulos, G.; Nikolopoulos, D.; Bresta, P. Protective and
defensive roles of non-glandular trichomes against multiple stresses:
structure-function coordination. Journal of Forestry Research 2020, 31, 1-12.
Wilkens, R.T.; Shea, G.0.; Halbreich, S.; Stamp, N.E. Resource availability and
the trichome defenses of tomato plants. Oecologia 1996, 106, 181-191.
Dhankhar, R.; Regmi, K.; Kawatra, A.; Gulati, P. Trichomics: Trichomes as
Natural Chemical Factories. In Phytochemical Genomics: Plant Metabolomics
and Medicinal Plant Genomics; Springer: 2023; pp. 379-402.

Ghorbel, M,; Brini, F.; Sharma, A.; Landi, M. Role of jasmonic acid in plants: the
molecular point of view. Plant Cell Reports 2021, 40, 1471-1494.

Wang, J.; Song, L.; Gong, X.; Xu, J.; Li, M. Functions of jasmonic acid in plant
regulation and response to abiotic stress. International Journal of Molecular
Sciences 2020, 21, 1446.

De Silva, D.L.R.H., A.M.; Mansfield, T.A. . Where does all the calcium go?
Evidence of an important regulatory role for trichomes in two calcicoles.
Plant Cell Environ 1996, 19, 880-886.

Abdelhalim, A.; Hanrahan, J. Biologically active compounds from Lamiaceae
family: Central nervous system effects. Studies in Natural Products Chemistry
2021, 68, 255-315.

Zhao, W.; Liu, L.; Shen, Q.; Yang, |J.; Han, X;; Tian, F.; Wu, ]. Effects of water
stress on photosynthesis, yield, and water use efficiency in winter wheat.
Water 2020, 12, 2127.

Nemeskéri, E.; Helyes, L. Physiological responses of selected vegetable crop
species to water stress. Agronomy 2019, 9, 447.

Sun, Y.; Wang, C.; Chen, H.Y.; Ruan, H. Response of plants to water stress: a
meta-analysis. Frontiers in plant science 2020, 11, 978.

Ahamed, A.N.; Yaser, S.M.; Idhris, S.M.; Padusha, M.S.A.; Sherif, N.A.
Phytochemical and pharmacological potential of the genus Plectranthus—A
review. South African Journal of Botany 2023, 154, 159-189.

Ghasemzadeh Rahbardar, M.; Hosseinzadeh, H. Effects of rosmarinic acid on
nervous system disorders: an updated review. Naunyn-Schmiedeberg's
Archives of Pharmacology 2020, 393, 1779-1795.

Dahchour, A. Anxiolytic and antidepressive potentials of rosmarinic acid: A
review with focus on antioxidant and anti-inflammatory effects.
Pharmacological Research 2022, 106421.

Punet Kumar, S.; Kumar, N. Plectranthus amboinicus: a review on its
pharmacological and pharmacognostical studies. American Journal of
Physiology 2020, 10, 55-62.



242,

243.

244,

245.

246.

247.

248.

249.

250.

251.

252.

253.

254.

255.
256.

References

Shanbhag, P.; Bhat, R;; Mestha, S.V.; Nagesh, S.; Nayak, R.K. Investigation of
Anti-anxiety  Activity of Hydroalcoholic Extract of Plectranthus
scutellarioides Leaves in Experimental Animal Models. 2022.

Jahani, R.; Behzad, S.; Saffariha, M.; Tabrizi, N.T.; Faizi, M. Sedative-hypnotic,
anxiolytic and possible side effects of Salvia limbata CA Mey. Extracts and the
effects of phenological stage and altitude on the rosmarinic acid content.
Journal of Ethnopharmacology 2022, 282, 114630.

Wrobel-Biedrawa, D.; Grabowska, K.; Galanty, A.; Sobolewska, D.; Podolak, L.
A flavonoid on the brain: quercetin as a potential therapeutic agent in central
nervous system disorders. Life 2022, 12, 591.

[slam, M.S.; Hossain, R.; Ahmed, T.; Rahaman, M.M.; Al-Khafaji, K.;; Khan, R.A;
Sarkar, C.; Bappi, M.H.; de Andrade, E.M.; Aradjo, .M. Anxiolytic-like effect of
quercetin possibly through GABA receptor interaction pathway: In vivo and
in silico studies. Molecules 2022, 27, 7149.

Akaberi, M.; [ranshahi, M.; Mehri, S. Molecular signaling pathways behind the
biological effects of Salvia species diterpenes in neuropharmacology and
cardiology. Phytotherapy Research 2016, 30, 878-893.

Arumugam, G., Mallappa Kumara Swamy, and Uma Rani Sinniah. Plectranthus
amboinicus (Lour.) Spreng: botanical, phytochemical, pharmacological and
nutritional significance. Molecules 2016, 21, 369.

Akuegbe, E.D,, et al. . "Behavioural activities and chemical composition of
fresh leaf essential oil of Plectranthus aegyptiacus from Southwest Nigeria in
mice. GSC Biological and Pharmaceutical Sciences 2021, 14, 064-072.

Pham, L.L.; Watford, S.M.; Pradeep, P.; Martin, M.T.; Thomas, R.S.; Judson, R.S;
Setzer, R.W.; Friedman, K.P. Variability in in vivo studies: defining the upper
limit of performance for predictions of systemic effect levels. Computational
Toxicology 2020, 15, 100126.

Ferré, S. The GPCR heterotetramer: challenging classical pharmacology.
Trends in pharmacological sciences 2015, 36, 145-152.

Centonze, D.; Picconi, B.; Baunez, C.; Borrelli, E.; Pisani, A.; Bernardi, G.;
Calabresi, P. Cocaine and amphetamine depress striatal GABAergic synaptic
transmission through D2 dopamine receptors. Neuropsychopharmacology
2002, 26, 164-175.

Acri, ].B,; Thompson, A.C; Shippenberg, T. Modulation of pre-and
postsynaptic dopamine D2 receptor function by the selective kappa-opioid
receptor agonist U69593. Synapse 2001, 39, 343-350.

Edman, L.C.; Mira, H.; Erices, A.; Malmersjo, S.; Andersson, E.; UHLen, P.;
Arenas, E. a-Chemokines Regulate Proliferation, Neurogenesis, and
Dopaminergic Differentiation of Ventral Midbrain Precursors and
Neurospheres. Stem Cells 2008, 26, 1891-1900.

Veenstra, M.; Ransohoff, RM. Chemokine receptor CXCR2: physiology
regulator and neuroinflammation controller? Journal of neuroimmunology
2012, 246, 1-9.

VADEMECUM. Vademecum Internacional 2011, 11.

Lv, R;; Du, L.; Liu, X.; Zhou, F.; Zhang, Z.; Zhang, L. Rosmarinic acid attenuates
inflammatory responses through inhibiting HMGB1/TLR4/NF-xB signaling
pathway in a mouse model of Parkinson's disease. Life sciences 2019, 223,
158-165.



References

257. Chen, S.; Teng, X.; Zheng, S. Molecular basis for the selective G protein
signaling of somatostatin receptors. Nature Chemical Biology 2023, 19, 133-
140.



ANNEX




Annex

ANNEX 1. Modelo de encuesta etnobotanica sobre la planta conocida

popularmente como meprobamato

Localizacién de la entrevista:

I.- Datos socio-demograficos del informante:
» Sexo: Masculino___ Femenino_____
» Nivel de Escolaridad terminado:

Primaria ___  Secundaria _  Preuniversitario Universitario ___

Técnico Obrero calificado __  Sin nivel escolar terminado___
» Edad: 18-27 __  28-37__ 38-47__ 48-57__ 58-67_ 68ymas__
» Ocupacion:

Estudiante __ Ama de casa __ Trabajador __ Jubilado __ Sin ocupacién __

IL.- Datos de la planta.

1. ;Conoce Ud. y ha utilizado la planta nombrada popularmente como
“meprobamato”?

Si_ No__
2. ;Conoce Ud. acerca de algiin uso que se le daa estaplanta? Si__  No__
Medicinal ___ Ornamental ___ Religioso___ Otros __

3. ;(Conoce cual (es) usos medicinales se le atribuyen a esta planta?

Sedante___ Para tratar trastornos digestivos___ Relajante muscular__
Somnifero___ Otros (especifique)__
4. ;La ha empleado alguna vez con fines medicinales? Si__ No__ ;Para qué?
5. (Cuando la consume, experimenta algun efecto en el organismo? Si__ No
___¢Cual(es)?

6. ;Como clasificaria Ud. el efecto causado por ella en el organismo?
Muy beneficioso __  Beneficioso __ Perjudicial __

De ser no beneficioso o perjudicial el efecto causado por la planta, especifique cual o
cuales fueron estos.
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7. (Como conocio las propiedades medicinales de esta planta?
Familiares __ Vecinos__ Amigos __ Religiosos __

Yerberos__ Otros (cual) __

8. (Qué parte de la planta emplea para su uso medicinal?
Hojas _ Raiz_ Tallo__ Ramas__ Planta completa _

9. (Como la utiliza?

Fresca Seca___ Frescay seca __ Nosé

10. ;Como obtiene la planta que utiliza?

De yerberos__ La sembrada en su casa__ De espacios abiertos___

De unjardin __ Nosé __  Otros (especifique)___
11. ;En qué forma usted la consume?

Decoccion __ Infusion __ No sé__ Otras (Especifique)

12. Cuantas hojas usted utiliza para la elaboracion de preparacion vegetal.
Marque el rango donde se encuentra esta.

1-5 hojas___ 6-10 hojas___ 11-15 hojas__ Mas de 15 hojas__

Otras

13. ;Qué cantidad de agua usted utiliza para elaborar la preparacion anterior?
Menosdeunvaso__ Unvaso__ Masdeunvaso __ Un litro __
Otra cantidad (especifique)

14. ;Qué cantidad de la preparacion usted consume diariamente?

Menos de una taza__ Un taza__ Dos taza (un vaso) ___
Un litro __ Otra cantidad ____
15. ;Cuales son las vias de administracion que emplea?

Oral _ Nasal _ Dérmica (tépica) _ Rectal __ Vaginal __ Otras_

16. ;En qué horarios consume Ud. la preparacion de la planta?
Mafiana___ Tarde___ Noche__ Sin distincion de horarios_ A todahora__
Mafiana y noche __ Tarde y noche ____

17. ;{Por cuanto tiempo Ud. consume la preparaciéon?

1- 5dias__ 6-10dias___ 11-15dias___ Por tiempo indefinido___
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Todos los dias __Otro (especifique)

18. Marque en cual de estos periodos, ud. utiliza la planta:

Antes de la enfermedad (Prevenirla)___ Durante la enfermedad (sin la crisis)__

Durante la crisis de la enfermedad___ Durante toda la enfermedad__

19. ;Consume la preparacion conjuntamente con alimentos? Si _ No_.
20. ;Cuando la consume con alimentos experimenta algun efecto adverso?
Si__ No__ .De ser Si su respuesta, especifique cudl o cudles fueron estos:

21. ;Utiliza la planta de forma conjunta con otros medicamentos? Si__No____
De ser Si, su respuesta. Especifique cudl (es) medicamentos son:

a) ¢;Hamanifestado algin efecto en el organismo? Si___ No____.Deser Si, su
respuesta. Especifique cual (es) son:

b) Especifique si estos efectos, fueron negativos: Si__ No__

22. ;La ha utilizado en nifios?: Si_ No__

23. (Recomendaria Ud. suuso? Si__ No__ ;Por qué?
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