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ABSTRACT: The research conducted an investigation into the utilization of medicinal plants
for treating influenza, while also employing molecular modeling to scientifically validate their
traditional applications. Informants were selected from IBI-Village and its environs using
a snowball sampling technique. Data collection utilized semi-structured questionnaires and
interviews. Consensus among informants and the cultural significance of the plants were assessed.
A total of 40 plants employed in traditional influenza care were identified, including Cymbopogon
citratus, Ocimum gratissimum, Tetradenia riparia, Eucalyptus globulus, Citrus limon, Zingiber
officinalis, and Lippia multiflora. The majority of these plants were shrubs and trees. Analysis
revealed that marital status influenced only the mode of recipe administration. Respondents were
categorized based on ethnomedical practices: some were prescribed based on plant condition and
parts used, while others focused on administration mode, preparation method, and form of use.
Molecular docking demonstrated that selected compounds formed stable complexes, categorized
into five classes: Neral and Eugenol (Class 1), Fenchone and Oseltamivir (Class 2), Eucalyptol
and 1,8-Cineole (Class 3), (+)-Limonene (Class 4), and Zingiberene (Class 5). Neral and Eugenol
formed two and four hydrogen bonds with the receptor, respectively. Molecular dynamics
simulations showed around 300 amino acid residues interacting with the ligand, with specific
residues like Arg_706, Val_709, Ser_712, and Arg_721 forming hydrogen bonds with Eugenol.
The integration of molecular dynamics, molecular docking, and ethnobotany highlighted the
potential efficacy of C. citratus and O. gratissimum against influenza at the molecular level.
Formulating pharmaceuticals based on essential oils from these plants could enhance influenza
management.

1. INTRODUCTION

According to the World Health Organization (WHO), more
than 80 per cent of the African population relies on traditional
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medicine to solve primary health problems (K.N. Ngbolua,
Rafatro, et al., 2011; K.N. Ngbolua, Rakotoarimanana, et
al., 2011; WHO, 2002). This medicine is based on the
use of medicinal plants, which have been used in various
forms for thousands of years to treat common diseases.
Their use represents important empirical knowledge that
healers and practitioners are known only for (Bitsindou,
1996). Moreover, medicinal plants are versatile resources
which can be used for food, nanotechnology, and agriculture,
demonstrating their importance in various fields beyond
traditional medicine (Gbatea et al., 2023; Kabengele et al.,
2023; Mbula et al., 2023; Razafimahatratra et al., 2023).

The use of medicinal plant medicines is transmitted orally
in traditional societies from generation to generation, and
the risk of losing this knowledge is real, as biological
resources are disappearing at alarming rates. The continent
of Africa has a wealth of highly diverse medicinal plants,
with more than 200,000 in Africa, many of which have
medical properties (Sofowora, 1993). The development of
these medicinal plants is of great concern to South African
countries, as most of the population relies directly on traditional
medicine and lacks adequate care, particularly in poor areas.
Moreover, for certain diseases that modern medicine does
not provide appropriate treatment, traditional recipes are an
alternative (Masengo et al., 2022; Tshilanda et al., 2014).
In fact, the antiviral activity of medicinal plants that treat
respiratory diseases is scientific evidence (Mpiana et al., 2022a,
2022b; K.N. Ngbolua et al., 2020).

In tropical regions in general, and in the Democratic
Republic of the Congo (DRC) in particular, influenza epidemics
are recurrent. Influenza-related respiratory infection caused by
influenza viruses is characterized by high genetic variability and
the pathogenicity of this disease is due to the ability of the
virus to induce disease in the infected host. This includes the
ability of the virus to penetrate cells, replicate, and provoke
an immune response, which can lead to symptoms such as
fever, cough, fatigue, and muscle aches (Babakazo et al., 2019;
Kavunga-Membo et al., 2015; Keilman, 2019; Meissner, 2001;
Nkwembe-Ngabana et al., 2017). During the year, the seasonal
outbreaks have been particularly frequent with a high mortality
rate, leading to a growing concern over public health (Babakazo
et al., 2019; Kavunga-Membo et al., 2015; Keilman, 2019).
Moreover, the risk of pandemics associated with zoonotic
influenza is a major concern for public health. In addition to
hygienemeasures, annual vaccinations remain themost effective
protection. The disease mainly affects the lungs, nose and
throat, particularly children, elderly, pregnant women, chronic
diseases and those with weak immune systems (Keilman, 2019;
Meissner, 2001; Nkwembe-Ngabana et al., 2017). In the DRC,
the lack of flu vaccines has led to the use of medicinal plants by
low-income people (Babakazo et al., 2019; Kavunga-Membo
et al., 2015; Keilman, 2019; Meissner, 2001; K.N. Ngbolua,
Rafatro, et al., 2011; K.N. Ngbolua, Rakotoarimanana, et
al., 2011; Nkwembe-Ngabana et al., 2017). This study
has been motivated by the high morbidity rates of influenza

(because Coronavirus epidemic is a massive respiratory disease
with influenza-like symptoms) in the central city of Kinshasa
compared with the rural villages without significant health
structures. The choice of Ibi village is justified by the fact
that it is one of the few rural areas of Kinshasa experiencing
different flu outbreaks in the city, thanks to easy and inexpensive
herbal medicines. In particular, the environment is rich in plant
diversity, including exotic and local species from forests and
savannahs. Furthermore, the population living there is almost
uniform and mainly composed of the Téké ethnic group. Due
to their extensive indigenous knowledge of medicinal plants,
the population has succeeded in managing various influenza
and epidemics in the last three years in Kinshasa and has
generated interest in the study. However, this disease can be
confused with common illnesses such as malaria and typhoid
fever, with which it shares the same symptoms (headache, fever,
etc.). The use of medicinal plants to treat influenza could be
beneficial for the poor population of Africa in general and the
DRC in particular, which lacks basic health facilities such as
respirators and essential medicines, especially at a time when
the Coronavirus is wreaking havoc. The overall objective of
this study is to identify traditionally used medicinal plants for
influenza treatment in the village of IBI and its surroundings in
the DRC.This will be achieved by combining an ethnobotanical
approach with molecular validation through molecular docking
and molecular dynamics simulation, aiming to assess their
potential efficacy against influenza at the molecular level.

2. MATERIAL AND METHODS

2.1. Study area

Ibi Village is located in the Bateké Plateau, a large structural
unit extending from Gabon to the DRC. Administratively, the
Ibi village is located in the urban-rural district of Maluku,
Kinshasa. It is 140 km east of Kinshasa City Centre, between
4◦15 and 4◦25 south latitudes, and between 16◦4 and 16◦12
east latitudes (Figure 1). The triangular Ibi village station covers
over 20,000 hectares. The main highway (National Road 1) is
8 km away, and is easily accessible by car (Bisiaux et al., 2009).

2.2. Material

In this study, all plants inventoried during survey constitute
our biological material. These are plant parts (roots, stems,
leaves) or whole plants used for the treatment of influenza-like
illnesses.

2.3. Research methods

2.3.1 Ethnobotanical survey

This study used the snowball sampling technique. It
consists of identifying the subject’s competent informant, and
after investigation, it indicates another competent informant
in the same community. This process continued until the
whole competent expert informant was investigated in the
study (Mawunu et al., 2023; K.N. Ngbolua, 2020). The
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Figure 1. Geographical location of the survey site (Ibi village) (Menga,
2012)

respondents were interviewed individually on the basis of a
predetermined questionnaire form. The main collected data
related to socio-demographic data (sex, age, level of education,
marital status) and ethnocultural data (adjectives names, parts
used, methods for making medical recipes, etc.).

2.3.2 Plant idenƟficaƟon and classificaƟon

The majority of the plants were identified in the field,
with the help of Professor Jean Lejoly, President of the
non-governmental organisation GI Agro in Ibi-village. The
identified plants were classified according to the APG IV
system (IV, 2016).

2.3.3 Determining the consensus of informants and cultural
importance

One of the techniques for assessing plant culture is the
proportion of the agreement (or consensus) of informants,
which takes into account the participants’ consensus and can
therefore be used to evaluate the cultural importance of plants.
In order to express the consensus or confidence index of
respondents to medicinal plants, we applied the formulas used
by Ilumbe et al. (2019):

ICs =
Na

Nt

Where ICs is the confirmation index (or informant consensus),
Na = number of people who cited this species, and Nt = total
number of people interviewed.

The local cultural importance of the plants was assessed
by calculating the plant use agreement value (VAUS) used
by Ilumbe (2010):V AUs = V Us x ICs, where VUs =
plant utilization value s; ICs = confirmation index. The plant
utilization value (VUs) is calculated using the formula: V Us =∑n

i=1 Uis

ns
Where Uis = number of uses of species s mentioned by

informant i; ns = number of people who mentioned this species.

2.3.4 Ecological characterizaƟon of plants

The inventoried plant species are classified into different
morphological types based on the Raunkiaer system (Raunkiaer,
1934), as adopted by Lejoly et al. (1988) and Menga (2012).
These types include trees (over 15 m in height), shrubs (under
7 m), small shrubs (under 2 m), lianas (climbing plants),
and annual herbs (plants whose aerial and underground parts
die each year). Biological types are also classified using the
Raunkiaer system, extended to tropical areas. These types are
geophytes (plants with buds and young leaves in the soil),
therophytes (plants that persist as seeds during unfavorable
seasons), caephytes (plants with small vegetative devices and
persistent leaves), and phanerophytes (plants with aerial sleeping
buds over 50 cm above the soil). Phanerophytes include
mesophanerophytes (10-30 m tall), microphanerophytes (2-10
m tall), nanophanerophytes (0.4-2 m tall), and lynephanero-
phytes (woody, climbing plants). The biotope types are
determined from existing floras and include primary forests,
secondary forests, savannahs, ruderal areas, and cultivated
species. The phytogeographical distribution is determined using
the classification ofMengaMenga (2012), based on criteria such
as widely distributed species (e.g., cosmopolitan, pantropical,
afro-neotropical, palaeotropical), widely distributed African
species (e.g., Afro-tropical continental, Afro-Malagasy), and
regional species (e.g., Sudanese, Guinean-Congolese, Zambezi).

2.3.5 Data processing and analysis

The data processing and analysis uses Microsoft Excel 2010
and IBM SPSS Statistics 20 as previously described (Masengo
et al., 2021). Briefly, the data collected was first input
into Microsoft Excel and analysed using IBM SPSS statis-
tics. A single-variable analysis of categorical variables (social-
demographic and ethnobotanical variables) was conducted
to obtain descriptive statistics including relative frequencies.
The Kolmogorov-Smirnov test is used to verify the normal
distribution of quantitative variables. Multivariate analysis,
in particular multi-correspondence analysis, is carried out
to investigate the relationship between dependent variables
(ethnological parameters) and independent variables (social and
socio-demographic parameters).

To better compare the floras, we constructed a hierarchical
ascending classification tree from a binary table of the species
at the two sites, using the hclust function, according to Ward’s
method, based on a Euclidean distance using R software (version
4.3.2). Similarity was estimated using Jaccard’s coefficient.

2.3.6 In silico study

2.3.6.1 Molecular docking study Molecular docking was carried
out using the seamDock server, following established protocols
from previous studies. The server employs the docking_py
library to prepare ligands and receptors, utilizing software like
AutoDock 4, AutoDock Vina, Qvina, and Smina for docking
calculations. Visualizations of the ligand-receptor interactions
are facilitated by JavaScript and the NGL Viewer. A seamless
framework manages the connection between the website and
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server. This framework, utilized in seamDock Web servers,
allows for the creation of interconnected cells containing data,
code, results, or web content. Cells can be synchronized
and shared, with transformations defined between them. The
seamless workflow operates continuously, enabling dynamic
modifications, additions, and deletions of cells (Chih-Hao et
al., 2002; Murail et al., 2021; Yu-Feng et al., 2016).

2.3.6.1.1 Input formatting The preparation of the input of the
ligand takes place in two steps. The first step is to convert
the ligand to pdb format using the free RDKit pathformatics
library. The ligand converter accepts Mol2, sdf and SMILES
formats. To calculate and optimize the 3D structure of the
bindings from 1D SMILES or 2D sdf/mol2 representations, the
default RDKit MMFFOptimizeMolecule function parameters,
the Merck MMFF94 molecular force field and up to 200
iterations are used. The pdb file of the ligand is then processed
with Prepare_ligand4.py from AutoDock Tools, which assigns
atomic types, calculates the atomic load, and repairs missing
hydrogen atoms. All ligand torsion remains active, resulting in
a pdbqt file. In order to prepare the structure of the receptor,
the mass center of the receptor is first placed at a (0, 0, 0)
position, and the residue of amino acids is cleaned with a filter
to remove the water or ligands from the receptor and retain
only protein atoms. The coordinate extension of the receptor
is extracted and used to define the maximum docking box
size. The protonation of protein residues is calculated using the
pdb2pqr Python library, based on the Propkamethod at pH 7.0.
Then, the autodocktools prepare_receptor4.py script is executed
to calculate the types and charges of the receptor atoms and to
add hydrogen atoms if there is no atom.

2.3.6.1.2 Docking procedure Once ligand structure, receptor
structure, docking box and docking parameters are defined, a
docking can be initiated by clicking on a special button in the
web form. The docking process varies depending on the selected
docking software. In AutoDock, the docking grid is calculated
in two consecutive steps (mgltools’ prepare_gpf4.py and
autogrid4 respectively). Then start MGLTools prepare_dpf4.py
to prepare the Docking parameter file and use it as the input
of autodock4. Vina, Smina and Qvina are simpler to perform,
as grids and input parameters files do not need to be pre-
calculated. All three docking software are launched directly
with the receptor and ligand pdbqt files defined as inputs.

2.3.6.1.3 Input/Output visualization The 3D NGL viewer is inte-
grated into the Web page to enable interactive and comprehen-
sive 3D visualization of different molecular structures. A 3D
visualization step allows checking the calculated 3D structure
of ligands and receptor inputs. All interactions between ligands
and receptors are calculated by the NGL Viewer. JavaScript
functions can be used to display an interactive display in the
NGL scene of a docking position selected from the result table
or highlight the molecular contact from the interaction table.

In this study, the major compounds of the essential oils
from the seven most cited plants were selected and subjected
to molecular docking analysis using enzyme RNA polymerase
PB1-PB2 subunits from Influenza A Virus (PDB ID : 3A1G) as
a molecular target (Sugiyama et al., 2009). These compounds
are: Neral (C. citratus); Eugenol (O. gratissimum); Fenchone (T.
riparia); Eucalyptol (E. globulus); (+)-Limonene (C. limon); 1,
8-Cineole (L. multiflora); and Zingiberene (Z. officinale) (Almas
et al., 2021; Brügger et al., 2019; Joshi, 2013; Petretto et al.,
2023; Zhang et al., 2022).

2.3.6.2 Molecular dynamics simulation Molecular dynamics (MD)
was performed for 100 nanoseconds with Schrödinger LLC’s
Desmond software (version 2019-4) with the OPLSA force
field. A 10 Å orthorhombic box was solvated using the TIP3P
water model, and the system was neutralized by adding chloride
ions (Ferreira et al., 2021). Prior to the MD simulation, the
binding of proteins and ligands was performed as the first
crucial step to predict the static view of the binding position
of molecules in the active site of proteins (Hildebrand et al.,
2019). MD simulations, which incorporate Newton’s classical
motion equations, generally simulate atomic movements over
time and predict the binding state of ligands in physiological
environments (Rasheed et al., 2021). The ligand-receptor
complex was preprocessed by the Maestro Protein Preparation
Wizard, which included optimization, minimization and, if
needed, filling missing residues, as well as a system created via
the system builder tool. The TIP3P (Three-Point Transferable
Intermolecular Interaction Potential) solvent model is based on
an orthorhombic box with a temperature of 300 K, 1 atm
pressure and a force field of OPLS_2005 (Shivakumar et al.,
2010). The model is neutralized and simulates physiological
conditions using a counter ion and a 0.15 M sodium chloride.
The models are loosened before simulation, and the paths are
stored for inspection after each 100 ps. The equilibration of
the protein (PDB ID: 3A1G) and bound ligand (eugenol) was
monitored by tracking fluctuations in their respective RMSDs
throughout the simulation. In addition, the ‘extendedness’ of
the ligand was assessed by computing its radius of gyration
(rGyr) at each simulation step, where rGyr is equivalent to its
principal moment of inertia (Matondo et al., 2022).

2.3.7 Ethical consideraƟons

The study protocol was approved by the Ethics Committee of
the Life Sciences Department at the University of Kinshasa (eth-
ical clearance certificate number EPHYMED/015/CDB/2023).
The study followed the principles laid down in the Helsinki
Declaration to ensure that respondents provided their free and
informed consent. Furthermore, the study fully adheres to the
confidentiality and ethical rules of the Democratic Republic of
the Congo, as well as to the regulations relating to access and
benefit sharing (ABS) in relation to the use of plant genetic
resources. The respondents were explicitly informed that their
participation in the survey was entirely voluntary and free of
any form of coercion. They also confirmed that the results of
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the study would be shared with them through an open-access
article that local leaders would be able to distribute (Masengo et
al., 2021; Mongeke et al., 2018).

3. RESULTS AND DISCUSSION

3.1. Sociodemographic profile of respondents

Table 1
Socio-demographic characteristics of the
respondents
Variable Frequency Percentage
Sex

• Male 54 51,9
• Female 50 48,1
Total 104 100,0

Age group
• 18-35 years 55 52,9
• 36-50 years 33 31,7
• >50 years 16 15,4
Total 104 100,0

Marital status
• Married 76 73,1
• Single 26 25,0
• Divorced 2 1,9
Total 104 100,0

Educational level
• Secondary education 52 50,0
• Illiterate 22 21,2
• Primary school-aged 21 20,2
• University graduates 9 8,7
Total 104 100,0

A total of 104 people participated in the survey, 54 (52%)
and 50 (48%) were men and female respectively (Table 1). This
result differs from the results of Sassa (2013) and Menga et
al. (2022), in which women dominate, but which contradicts
Bokulu (2019) and emphasizes men’s predominance. Among
the respondents, young people aged 18 to 35 were the majority
(52.9%), followed by adults (36 to 50 years: 31.7%) and
elderly people (15.4%) (Table 1). This age distribution
follows the normal distribution of Kolmogorov-Smirnov (p =
0.9983>0.05). The dominance of young people in knowledge
transmission is proof that they are now responsible for the
problem and will be able to take over the transmission of
naturalistic knowledge. Half (50%) of the respondents had
secondary education. Illiterate people make up 21.2% of
the sample, and primary school-aged people make up 20.2%.
University graduates are the least represented (Table 1). The
results show that 104 participants were 18 years old at the
minimum, 60 years old at the maximum, 38.22 years on
average, and 14.15 years on average. The Kolmogorov–Smirnov
test (dof 10.4 = 0.2319, p=0.000) and the Shapiro–Wilk test
(dof 10.4 = 0.896, p=0.000) show that the age distribution of
the respondents does not match the normal distribution of the
population in the area of the survey (p<0.05).

Regarding marital status, Table 1 also indicates that married
individuals were the most numerous, followed respectively by
single and divorced individuals.

3.2. FlorisƟc and ecological characterisƟcs

3.2.1 DistribuƟon of taxa

The results of ethnobotany survey on anti-influenza medic-
inal plants traditionnaly used in Ibi villages revealed 40 plant
species divided into 36 species, 28 families, 17 species and 6
classifications. The Malvidae clan has four orders, 10 families
and 13 species. The Zingiberaceae family is best described in
three species (Aframomum alboviolaceum, A. melegueta, Zingiber
officinale). Details are provided in Table 2.

Legend: TM: Morphological types; TB: Biological types;
DP: Phytogeographical distribution; MsPh: Mesophanero-
phytes; McPh: Microphanerophytes; NPh: Nanophanero-
phytes; Phgr: Climbing phanerophytes; Chd : Chamaephytes;
Gb: Bulbous geophytes; Grh: Rhizomantose geophytes; Thd:
Erect therophytes; F: Forest; Sav: Savanna; Rud: Ruderal;
Cult: Cultural; PR: Multiregional; Pan: Pantropical; At : Afro-
tropical; Pal: Palaeo-tropical; CGC: Centroguinean; Guin:
Guinean T: Trees; Shr: Shrubs; Subs: Subshrubs; Lia: Lianes;
Ha: Annual herbs; PH: Perennial herbs.

3.2.2 Ecological characterisƟcs of plants

3.2.2.1 Biological types Figure 2A illustrates the spectrum of
biological types. Phanerophytes predominate (77%), followed
by geophytes (10%) and chamaephytes (8%). These results
corroborate those of (Menga et al., 2022; K.N. Ngbolua et
al., 2019; Sassa, 2013). Phanerophytes are woody perennial
plants that are rich in secondarymetabolites due to their efficient
anatomical structures (Bokulu, 2019).

3.2.2.2 Morphological types Analysis of the morphological types
of the species recorded shows the preponderance of shrubs
(33%) and trees (28%), with the other categories less well rep-
resented (Figure 2B). These results corroborate those of (Menga
et al., 2022; K.N. Ngbolua et al., 2019; Sassa, 2013), but with
a ratio of 30% trees and 21% shrubs.

These results demonstrate the impact of woody plants in the
treatment of traditional influenza-related pathologies, according
to N.K. Ngbolua et al. (2016), woody species have a high
alkaloid content compared with herbaceous plants. In addition
to the fact that the perennial nature of these plant species
guarantees the availability and sustainability of the rawmaterial,
these woody plants contain anatomical production and reserve
structures such as secretory canals, secretory pockets and more
efficient latex cells that enable them to produce and accumulate
secondary metabolites responsible for curative power.

3.2.2.3 Types of leaf size Analysis of leaf types shows a clear
preponderance of mesophyllous species (67%), with the
other categories less well represented (Figure 2C). This high
level of representation is considered linked to the nature
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Table 2
Floristic list and ecological characteristics of species
CLADE ORDER FAMILY SCIENTIFIC NAME TB TM TF TD TH DP
Magnoliidae Laurales Lauraceae Cinnamomum verum J.Presl MsPh T Mes Sarc Cult Pan

Persea americana Mill. MsPh T Mes Sarc Cult AA
Magnolales Annonaceae Annona senegalensis Pers. McPh Shr Mes Sarc Sav GC-

SZ
Piperales Piperaceae Piper nigrum L. PhGr Lia Mes Sarc For GC

Monocotyledonae Asparagales Amarylli-
daceae

Allium sativum L. Gb PH Micr Scler Cult Pal

Poales Poaceae Cymbopogon citratus (DC.) Stapf Hcés PH Micr Scler Cult Pan
Zingib-
erales

Zingiberaceae Aframomum melegueta K.Schum. Grh PH Mes Sarc Sav GC

Zingiber officinale Roscoe Grh PH Macr Sarc Cult GC-
SZ

Aframomum alboviolaceum (Ridley) K. Schum. Grh PH Mes Sarc Sav AM
Rosidae-Fabidae Fabales Fabaceae Millettia drastica Boulanger MsPh Shr Mes Ballo For GC

Senna occidentalis (L.) Link NPh Subs Mes Ballo For Pan
Polygalaceae Securidaca longipenduculata Fresen. McPh Shr Micr Pter For BCG

Malpighiales Clusiaceae Garcinia kola Heckel MaPh T Mes Sarc For GC
Garcinia mangostana L. McPh Shr Macr Sarc Cult Pan

Euphorbiaceae Alchornea cordifolia (Schum. &Thonn.)
Müll.Arg.

McPh Shr Mes Sarc For At

Phyllanthaceae Hymenocardia acida Tul. McPh Shr Micr Pter Sav At
Rosales Cannabaceae Cannabis sativa L. Chd Ha Nan Scler Cult Pan

Rosidae-Malvidae Brassicales Caricaceae Carica papaya L. MsPh T Macr Sarc Cult AA
Moringaceae Moringa oleifera Lam. MsPh T Micr Ballo Cult Pan

Malvales Malvaceae Adansonia digitata L. MsPh T Mes Sarc Sav Pan
Myrtales Combretaceae Combretum micranthum G.Don MsPh Shr Mes Sarc Sav GC

Myrtaceae Psidium guajava L. MsPh Shr Mes Sarc Cult Pan
Eucalyptus globulus Labill. MsPh T Mes Sarc Cult Pan

Sapindales Anacardiaceae Mangifera indica L. MsPh T Mes Sarc Cult Pan
Spondias dulcis Parkinson MsPh T Mes Sarc Cult Pan

Burseraceae Dacryodes edulis (G. Don) HJ Lam MsPh T Mes Sarc For CGC
Meliaceae Azadirachta indica A.Juss. MsPh T Mes Sarc Cult Pan
Rutaceae Citrus limon (L.) Osbeck McPh Shr Mes Sarc Cult Pan

Citrus sinensis (L.) Osbeck McPh Shr Mes Sarc Cult Pan
Simaroubaceae Quassia africana (Baill.) McPh Shr Mes Baro For CGC

Asteridae-Lamiidae Gentianales Apocynaceae Mondia whitei (Hook.f.) Skeels PhGr Lia Macr Ballo For CGC
Rubiaceae Morinda morindoides (Boulanger) Milne-Redh. PhGr Lia Mes Sarc For GC

Sarcocephalus latifolius (Sm.) EABruce McPh Shr Mes Sarc Sav PR
Lamiales Lamiaceae Ocimum gratissimum L. NPh Subs Mes Scler Rud Pal

Tetradenia riparia (Hochst.) Nebr McPh Shr Nan Scler Sav Guin
Verbenaceae Lippia multiflora Moldenke Chp PH Mes Sarc Sav CGC

Solanales Solanaceae Capsicum frutescens L. NPh Subs Mes Sarc Cult Pan
Nicotiana tabacum L. Thd Ha Macr Sarc Cult Pan

Asteridae-
Campanulidae

Asterales Asteraceae Chromolaena odorata (L.) RM King & H. Rob. Chd PH Micr Scler Sav Pal
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of the environment in which a large proportion of the
species inventoried are found, since they come from a
forest environment and therefore benefit from very low light
levels, which are favourable to the development of mesophyll
species (Tshituka, 2015).

3.2.2.4 Types of diaspora Analysis of diaspore types (Figure 2D)
highlights the prevalence of sarcochorous species (67%) and, to
a lesser extent, sclerochorous species (15%) and ballochorous
species (10%). Sarcochorous species have fleshy, edible fruits
whose juicy pulp is highly prized by rodents, birds, and humans,
ensuring widespread dissemination of diaspores. However, this
dissemination occurs over short distances because the diaspore
is relatively heavy and most of the animal consumers involved
(except for humans) prefer to eat it on the spot rather than
transport it over long distances. As a result, dispersal occurs
from near to near, over short distances (Menga et al., 2022).

3.2.2.5 Habitat types Habitat types are shown in Figure 2E.This
figure shows that 46% of the species are cultivated and 26%
come from forest and savannah, respectively. These results
are similar to those of Sassa (2013) and Menga et al. (2022).
The predominance of cultivated species in the medicinal flora
of the IBI village and surrounding area is evidence of the
integration of medicinal plants into the agricultural sector
and constitutes a participatory and sustainable management
strategy that will make it possible to perpetuate phytomedicinal
resources. This is an encouraging solution for the long-term
survival of the species. However, it would be better to put these
observations into perspective, given that most cultivated species
are exotic (Menga et al., 2022).

Table 3
Taxa distribution
CLADE Order Families Species
Magnoliidae 3 3 4
Monocotyledonae 3 3 5
Rosidae-Fabidae 3 6 9
Rosidae-Malvidae 4 10 13
Asteridae-Lamiidae 3 5 8
Asteridae-Campanulidae 1 1 1
TOTAL 17 28 40

3.2.2.6 Chorological types Analysis of chorological types shows
the prevalence of Pantropical species (43%), followed by
Guineo-Congolese species (33%); the other categories are less
well represented (Figure 3). The predominance of pantropical
species in this study show that the local flora has undergone
some contact with flora with eastern and southern affinities,
through the cultivation of exotic plants Mawunu et al. (2023);
Menga et al. (2022).

Figure 2. Ecological characteristics of inventoried plants (A. Biological
types ; B. Morphological types ; D. Leaf types; D. Types of diaspora; E.
Habitat types). GC = Guineo-Congolese, Pal = Palaeotropical, AA =
Afro-American, AM = Afro-Malagasy, GC-SZ= Guineo-Congolese
Sudano-Zambezian, Pan= Pantropical, PR = Multi-regional.

Figure 3. Chorological types. GC = Guineo-Congolese, Pal =
Palaeotropical, AA = Afro-American, AM =Afro-Malagasy, GC-SZ=
Guineo-Congolese Sudano-Zambezian, Pan= Pantropical, PR
=Multi-regional

3.3. Ethnobotanical characterisƟcs of plants

3.3.1 Informant consensus and cultural importance

This ethnobotanical survey of 104 people identified 40
medicinal plants used to treat influenza, which was cited 281
times and were involved in 64 medicinal recipes. Table 4 shows
the cultural importance of each plant inventoried. The table
shows that the most frequently cited species with the highest
cultural importance are: C. citratus (16.7% cited; VAUs = 0.30),
O. gratissimum (12.8% cited; VAUs = 0.23), T. riparia (11.7%
cited; VAUs = 0.21), E. globulus andC. limon (respectively 7.1%
cited; VAUs = 0.13), Z. Officinale and L. multiflora (respectively
6.4% cited; VAUs = 0.12).

These results differ slightly from those of Menga et al. (2022)
who inventoried 42 medicinal plants used to treat influenza
in the urban neighbourhoods of Mont-Ngafula commune in
Kinshasa. The most frequently cited plants were O. basilicum
(18.9%), C. ambrosioides (11.5%), C. citratus (7.9%), T. riparia
(6.8%), C. limon (6.4%), M. indica (5.6%), P. americana
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(4.8%),D. edulis (4.1%), and B. patula (3.7%). However, there
is no great similarity between the two floras (Jaccard’s coefficient
= 0.464), although 26 species are common to both, including
A. melegueta, A. cordifolia, C. limon, C. sinensis, C. citratus and
D. edulis, E. globulus, H. acida, L. multiflora, M. indica, M.
whitei, M. morindoides, M. oleifera, N. tabacum, O. basilicum,
O. gratissimum, P. americana, P. guayava, S. longipenduculata,
T. riparia, Z. officinale. The flora of anti-influenza medicinal
plants at Mont-Ngafula contains a higher proportion of exotic
and cultivated species than at Ibi-village on the Batékés plateau,
as shown in the Figure 4.

Figure 4. Dendrogram of Euclidean distance between the different
surveys (Ward’s method), (Legend: in green: species common to both
floras, in red: species exclusive to Ibi, in blue: species exclusive to
Mont-Ngafula).

3.3.2 Parts of plants used in medicinal recipes

The parts of the species used in the recipes to treat influenza
are mainly the leaves (80% cited), followed to a lesser extent
by the fruit (11% cited), and with the other organs cited least
often (Figure 5). These results are similar to those of Menga et
al. (2022), who obtained almost similar proportions, i.e. 75%
of citations for leaves and 13% for fruits. Similar observations
were also made by Lautenschläger et al. (2018); Mawunu et al.
(2022); Sassa (2013) in Angola; Bikandu (2012); Djoza et al.
(2023); Liyongo et al. (2023) in the DRC. The high frequency
of use of leaves is partly explained by the ease and speed of
harvesting Bitsindou (1996); K.N. Ngbolua et al. (2019), but
also by the fact that most secondarymetabolites are accumulated
in them. In addition to this, the use of leaves and fruits in
phytotherapy is a non-destructive practice, allowing sustainable
use of the plant, if harvesting is carried out non-invasively.

3.3.3 PreparaƟon of medicinal recipes

The proportions of the different methods of preparation
of anti-influenza medicinal recipes are shown in Figure 6.
Figure 6 shows a high use of decoction (82%) and, to a lesser

Table 4
Use agreement value of plants inventoried
Species N.R N.I N.C % C VUs ICs VAUs
C. citratus 4 22 47 16.73 2.14 0.14 0.30
O. gratissimum 3 16 36 12.81 2.25 0.10 0.23
T. riparia 2 15 33 11.74 2.20 0.10 0.21
E. globulus 2 7 20 7.12 2.86 0.05 0.13
C. limon 2 6 20 7.12 3.33 0.04 0.13
Z. officinalis 2 6 18 6.41 3.00 0.04 0.12
L. multiflora 3 9 18 6.41 2.00 0.06 0.12
M. morindoides 2 5 12 4.27 2.40 0.03 0.08
C. sinensis 2 5 8 2.85 1.60 0.03 0.05
S. latifoluis 1 8 8 2.85 1.00 0.05 0.05
S.
longipenduculata

1 4 8 2.85 2.00 0.03 0.05

C. odorata 1 6 6 2.14 1.00 0.04 0.04
A. albo-violaceum 2 2 3 1.07 1.50 0.01 0.02
M. indica 2 3 3 1.07 1.00 0.02 0.02
P. guajava 3 3 3 1.07 1.00 0.02 0.02
S. occidentalis 2 3 3 1.07 1.00 0.02 0.02
A. sativum 1 3 3 1.07 1.00 0.02 0.02
A. digitata 1 2 2 0.71 1.00 0.01 0.01
A. melegueta 2 2 2 0.71 1.00 0.01 0.01
C. frutenscens 2 2 2 0.71 1.00 0.01 0.01
D. edulis 1 2 2 0.71 1.00 0.01 0.01
N. tabaccum 2 2 2 0.71 1.00 0.01 0.01
O. americanum 1 2 2 0.71 1.00 0.01 0.01
P. americana 2 2 2 0.71 1.00 0.01 0.01
Q. africana 2 2 2 0.71 1.00 0.01 0.01
S. cytherea 2 2 2 0.71 1.00 0.01 0.01
A. cordifolia 1 1 1 0.36 1.00 0.01 0.01
A. senegalensis 1 1 1 0.36 1.00 0.01 0.01
A. indica 1 1 1 0.36 1.00 0.01 0.01
C. nobilis 1 1 1 0.36 1.00 0.01 0.01
C. papaya 1 1 1 0.36 1.00 0.01 0.01
C. verum 1 1 1 0.36 1.00 0.01 0.01
C. micratum 1 1 1 0.36 1.00 0.01 0.01
G. mangostana 1 1 1 0.36 1.00 0.01 0.01
G. kola 1 1 1 0.36 1.00 0.01 0.01
H. acida 1 1 1 0.36 1.00 0.01 0.01
M. drastica 1 1 1 0.36 1.00 0.01 0.01
M. whitei 1 1 1 0.36 1.00 0.01 0.01
M. oleifera 1 1 1 0.36 1.00 0.01 0.01
P. nigrum 1 1 1 0.36 1.00 0.01 0.01

N.R: Number of recipes, N.I: Number of pieces of information, N.C: Number of citations, % C: frequency
of citation, Vus: plant use value, Ics: confirmation index, VAUs: plant use agreement value.

extent, infusion (7%); the other preparation methods are less
well represented. These results corroborate those of Bikandu
(2012); Menga et al. (2022); Sassa (2013). The prevalence
of decoction can be explained by the fact that this method of
preparing recipes makes it possible to disinfect the raw plant
material (Mawunu et al., 2022; Tahiri et al., 2012), and to
collect the most active ingredients and attenuate or cancel
out the toxic effects of recipes (K.N. Ngbolua et al., 2019).
Infusion, otherwise, prevents thermal denaturation of the active
ingredients (K.N. Ngbolua et al., 2019).
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3.3.4 ComposiƟon of medicated recipes

In most of the influenza recipes in the region studied,
plants were used in combination with other plants (multispecific
recipes, 73%) and to a lesser extent alone (monospecific recipes,
23%). These results differ from those of Menga et al. (2022),
who found that monospecific recipes predominated. According
to N’guessan et al. (2009), the use of multispecific recipes may
entail health risks for patients. In fact, plant-based mixtures,
when mismatched, are dangerous and toxic. In Africa, where
the majority of the population depends on herbal medicine,
it is reported that around 30% of fatal accidents are generally
linked to combinations of medicinal plants. These results differ
from those of Menga et al. (2022) where monospecific recipes
predominate.

3.3.5 Use of medicinal recipes

Theproportions of the different forms of use of anti-influenza
medicinal recipes are shown in Figure 7. Most recipes are used in
the form of syrups (57%), and sometimes as inhalations (10%).

3.3.6 Methods of administering drug recipes

Recipes are administered are shown in Figure 8. It can be
seen that the oral route (77%) is the most commonly used for
administering flu recipes, followed by the steam bath (14%).

3.3.7 Physical state of consumpƟon of recipes and opinion on
treatment efficacy

Most of the plants used to combat influenza in Ibi-villages are
consumed in their fresh state (93%), while the dry state accounts
for barely 7%. Approximately 62% of those surveyed said that
anti-influenza treatment based on plants gave a complete cure,
34% thought that the cure was partial, while only 4% thought
that the use of plants had no flu at all. There is currently a
great deal of experimental evidence demonstrating the anti-flu
activity of medicinal plants (Wang et al., 2006; Pleschka et al.,
2006; Rajasekaran et al., 2013; Mohamed et al., 2020).

Figure 5. Parts used (%).

From Figure 9, it can be observed that only the mode of
recipe administration has been influenced by the sociodemo-
graphic parameter ”marital status.” However, it should be noted

Figure 6. Recipe preparation methods (%).

Figure 7. Types of revenue use.

Figure 8. Methods of medicinal administration (%).

that the respondents can be grouped into two categories based
on ethnomedical practice: the first group consists of those who
prescribe, recipes based on the condition of the plant and the
parts used (axis 1), and then those who prescribe recipes based
on the mode of administration, preparation method, and form
of use (Figure 10).

Figure 11 and 12, respectively, provide the energetic
values of complexation (thermodynamic stability of complexes
formed between the receptor and chemical compounds from
various essential oils) and the hierarchical classification of these
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Figure 9. Multiple Correspondence Analyses (MCA) of
Sociodemographic and Ethnobotanical Variables.

Figure 10. Categories of respondents based on ethnomedical
prescription.

compounds based on thermodynamic stability.

Figure 11. Thermodynamic stability of the complexes formed between
the receptor and the major chemical compounds of the selected plant
essential oils.

Figure 12. Hierarchical Ascendant Classification of Selected
Compounds.

It can be deduced from this figure that the selected
compounds form a thermodynamically stable complex and are
divided into five classes, namely: Class 1: Neral (-3.9±0.16
kcal/mol) and Eugenol (-4.09±0.31 kcal/mol); Class 2:
Fenchone (-5.36±0.52 kcal/mol) andOseltamivir (-5.35±0.56
kcal/mol); Class 3: Eucalyptol (-5.08±0.49 kcal/mol) and
1,8-Cineole (-5.08±0.49 kcal/mol); Class 4: (+)-Limonene (-
5.62±0.62 kcal/mol); and Class 5: Zingiberene (-7.01±0.51
kcal/mol). Only two compounds, Neral [N9(D) OD1; R8(D)
NH2], and Eugenol [N9(D) OD1; N9(D) ND2; R8(D)
NE; R8(D) NH2], form two and four hydrogen bonds with
the receptor, respectively, while the positive control forms six
[C692(A) O; C693(A) SG; T24(B) O; V25(B) O; V25(B) O;
C693(A) SG].

The RNA-dependent RNA polymerase of the influenza virus
(Figure 13 and 14) is a versatile heterotrimeric complex that
employs a ’cap-snatching’ mechanism to generate viral mRNA.
This process involves the cleavage of host cell mRNA to generate
a cap-containing oligonucleotide, which can then be elongated
using the viral genomic RNA as a template. The inhibition of
it by both compounds (eugenol and neral) is evidence of the
potential anti-influenza activity of these aromatic plants.

Figure 13. Crystal Structure of RNA polymerase PB1-PB2 subunits
from Influenza A Virus (Sugiyama et al., 2009).
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Figure 14. Structure and physicochemical properties of Neral (A) and Eugenol (B); RNA-dependent RNA polymerase complex with neral (C), eugenol
(D) and oseltamivir (Positive control) (E)

Molecular docking and molecular dynamics (MD) were
employed in this study as tools to predict the antiviral properties
of the selected compounds. Molecular docking predicts the
interaction of an active compound with a specific biological
target, providing insights into the potential mechanism of
action. On the other hand, MD simulates the movement of
atoms and molecules over time, offering information about the
stability of molecular interactions. This approach allows for
the simulation of a compound’s behavior within a complex
biological environment. In this study, compounds considered
stable (∆G < 0) and forming at least one hydrogen bond
(eugenol and neral) underwent a thorough analysis to estimate
their molecular electrostatic potential. The bioactive compound
shows a high molecular electrostatic potential (MEP: eugenol)
was selected for MD. A high value of MEP indicates the
presence of strongly charged regions, influencing the molecule’s
ability to interact with its biological target. Strongly positive
regions attract negatively charged regions of surrounding
molecules, and vice versa, playing a crucial role in molecular
interactions such as binding with biological receptors. The
study results indicate that eugenol possesses a region delimited
by oxygen atoms 2 and 4 with a high electrostatic potential,
suggesting a highly reactive area. Meanwhile, the region
between hydrogen 22 and hydrogen 17 are electronically
repulsive (Figure 15a). In comparison to eugenol, neral is
potentially less electrostatic (Figure 15b) but exhibits equivalent
electronic repulsion on the opposite side. It is noteworthy that
the area delimited by oxygen atom 4 and carbon atom 1 shows
a high electrostatic potential, indicating a highly reactive region

of neral. On the other hand, the region between carbon 27,
hydrogen 13, and hydrogen 14 are electronically repulsive.

The RMSD (Root Mean Square Deviation: Figure 16a)
and RMSF (Root Mean Square Fluctuation: Figure 16b) are
two important measures used in molecular dynamics to assess
the stability and flexibility of molecular structures over time.
RMSD calculates the root mean square deviation between the
positions of atoms in a molecular structure during simulation
compared to a reference structure. It is noteworthy that the
formed complex remains stable only between 90 and 100 ns, as
indicated in the figure below. Indeed, during this time interval,
the ligand maintains a low deviation from the receptor.

On the other hand, RMSF (Root Mean Square Fluctuation)
measures the amplitude of fluctuations in atomic positions
relative to their mean position during the simulation. The
results of the current study indicate a high RMSF for a specific
group of atoms, suggesting significant flexibility or mobility in
that region (Figure 16b).

Approximately 250 residues of 3A1G were calculated
using the Root Mean Square Fluctuation (RMSF) to explore
the flexibility of each residue and its fluctuation during
the simulation period as indicated in the Figure 16b. A
consistent RMSD (between 90 and 100 ns) with a high RMSF
(>4) indicates that the protein receptor maintains its overall
structure, but specific parts fluctuate significantly, indicating
what is referred to as local flexibility.

The Figure 16c allows for the identification of interactions
that stabilize the complex. These interactions fall into three
types: hydrophobic interactions (bonds), hydrogen bonds, and
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Figure 15. Electrostatic potential map of Eugenol (A) and Neral (B)

Figure 16. A) Root Mean Square Deviation plot obtained for the 3A1G-Eugenol complex; B) Root Mean Square Fluctuation plot obtained for
3A1G-Eugenol complex; C) Protein-ligand contact plots ; D) Ligand property trajectory.

water bridges.
In general, nearly 300 amino acid residues are involved in

the interaction with the ligand. However, specifically, the amino
acids Arg_706, Val_709, Ser_712, and Arg_721 interacted with
the ligand through hydrogen bonds. Hydrogen bonds play a key
role in protein-ligand interactions and protein folding; hence,
they are crucial to consider in drug design (Abdalla et al., 2022;
Boufissiou et al., 2022).

To assess the stability of the selected compound, its properties
were analyzed by calculating RMSD, molecular surface area
(MolSA), solvent-accessible surface area (SASA), gyration radius

(rGyr), and polar surface area (PSA) (Figure 16d). TheRMSD is
a measure of the deviation of atomic positions from a reference
structure over time. Molecular surface area (MolSA) represents
the total surface area of a molecule, providing information
about the overall size of a molecule and its interactions with
other molecules or surfaces. Solvent-accessible surface area
(SASA) measures the surface of a molecule that is accessible to
solvent molecules, offering insights into interactions between a
molecule and its environment. Changes in SASA can indicate
structural modifications during processes such as binding or
ligand release. Gyration radius (rGyr) is a measure of the average
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size of a molecule, calculated by considering the positions of
atoms relative to the center of mass. It provides information
about the compactness of a molecule and how it folds or
unfolds. Polar surface area (PSA) measures the surface of
a molecule occupied by polar atoms, helping predict the
molecule’s solubility as polar molecules tend to interact more
easily with water molecules (Abdalla et al., 2022; Boufissiou et
al., 2022).

The various properties of the ligand analyzed, except for
SASA, exhibited low fluctuations at the beginning of the
simulation but gradually reached equilibrium and remained
constant throughout the simulation. This confirmed the
stability of the ligands in the protein’s active site. However, it is
important to note that no intramolecular hydrogen bonds were
detected.

Eugenol, the biologically active principle of selected plants,
is a natural compound with several remarkable pharmacobi-
ological properties. It is recognized for its analgesic, anti-
inflammatory, antimicrobial, and antioxidant effects. These
properties make it a promising candidate for the treatment of
pain, inflammation, infections, and as an antioxidant agent.
It is also well known for its beneficial effects on digestion.
However, it may present toxicological risks, including acute
toxicity at high doses, skin allergic reactions, and adverse effects
on reproduction (Juergens, 2014; Prashar et al., 2006; Viuda-
Martos et al., 2008). The prediction of probable off-target
activity and the pharmacokinetics of eugenol using the ProTox-
II web tool Umar et al. (2022) shows that the predicted LD50

is approximately 1930 mg/kg (predicted toxicity Class: 4). This
compound is likely to interact with the Androgen receptor,
Amine oxidase A, and Prostaglandin G/H synthase 1. From
a pharmacokinetic standpoint, this compound is predicted to
be potentially neurotoxic and can cross the blood-brain barrier
while inhibiting the cytochromes CYP2C19 and CYP2C9
(Table 5 ). Bioinformatic prediction also shows that eugenol
is biologically active against five cancer cell lines: PC-6 (small
cell lung carcinoma), MDA-MB-453 (breast adenocarcinoma),
NALM-6 (adult B acute lymphoblastic leukemia), MeWo
(melanoma), and RPMI-8226 (multiple myeloma), and against
three non-tumor cell lines: WI-38-VA13 (embryonic lung
fibroblast), HaCat (keratinocyte), and IMR-90 (embryonic
lung fibroblast). Furthermore, it has also been demonstrated
that eugenol is a promising candidate for combating various
viruses. Laboratory studies have shown that eugenol has the
ability to inhibit the replication of several viruses, including
herpes simplex virus, influenza virus, and hepatitis C virus and
SARS-CoV-2 (Manivannan et al., 2022).

The results of molecular dynamics validate those of molecular
docking. Thus, by combining the ethnobotanical approach
with molecular docking and molecular dynamics, this study
has demonstrated the potential efficacy of C. citratus and O.
gratissimum against influenza at the molecular level. These two
plants could be used therapeutically to combat influenza in the
DRC.

This study thus strongly emphasizes the need to protect
traditional knowledge because it is obvious that some of the
owners of such knowledge are older (47.1%), and the risk of
losing valuable information is high. In order to ensure the fair
and ethical distribution of this knowledge and in accordance
with the principles of access and beneficial distribution, the
findings of the study must be returned to traditional knowledge
owners through a large-scale awareness campaign. In addition,
in order to expand the scope of research to other regions,
close collaboration with local organizations, especially in the
field of the efficacy and safety of plant products, is important.
The establishment of a comprehensive and harmonised plan
for ethnobotany research in the DRC will facilitate the
documentation of traditional knowledge for knowledge owners
and scientific communities. This is the first study in this region
on respiratory diseases such as influenza to date.

Medical facilities, especially in the DRC, play an important
role in the management of diseases in poor areas within the
framework of universal health care. Medical facilities are often
affordable and free, so people with low incomes can afford
expensive medical services (economic access). In many parts of
Africa, knowledge of plant medicinal properties is passed down
from generation to generation. Traditional healers and local
herbalists have extensive experience in treating many diseases
using these plants.

These plants tend to grow naturally and are easily available
to local communities, reducing the need to spend money on
imported drugs. The use of medicinal plants is deeply rooted
in the culture and identity of many communities, contributing
beyond physical health to the spiritual and mental well-being of
individuals. It should be noted that rural medical infrastructure
is limited. In this respect, medical plants can complement
modern medicine by providing treatments when other options
are not available (complementing modern medicine). The risk
of serious side effects is also lower than some synthetic drugs.
This reduces the risk to patients, especially in areas where
emergency medical services are limited. However, medical use
requires detailed knowledge to avoid unwanted side effects and
potential drug interactions. Furthermore, scientific research is
needed to verify the effectiveness and safety of these treatments.
In Africa, in the context of universal health coverage, traditional
knowledge of plants must be combined with modern medical
practices to ensure that everyone receives comprehensive and
high-quality health care.

4. CONCLUSIONS AND SUGGESTIONS

The ethnobotanical study of plants used to treat influenza
carried out in Ibi-village on the Batékés plateau, has achieved all
its objectives. A total of 40 plants used in the traditional care
and treatment of influenza were identified, includingC. citratus,
O. gratissimum, T. riparia, E. globulus, C. limon, Z. officinalis
and L. multiflora, all of which are particularly well known to
the local population and widely used to treat flu-like illnesses,
either alone or in association with other species. Often, it is
the leaves that are used to prepare the drugs, which are often
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Table 5
Off-target activity predictionand the ADMET profile of Eugenol
Classification Target Prediction Probability
Organ toxicity Hepatotoxicity Inactive 0,67
Organ toxicity Neurotoxicity Active 0,51
Organ toxicity Nephrotoxicity Inactive 0,63
Organ toxicity Respiratory toxicity Inactive 0,98
Organ toxicity Cardiotoxicity Inactive 0,89
Toxicity end points Carcinogenicity Inactive 0,73
Toxicity end points Immunotoxicity Inactive 0,83
Toxicity end points Mutagenicity Inactive 0,97
Toxicity end points Cytotoxicity Inactive 0,90
Toxicity end points BBB-barrier Active 0,77
Toxicity end points Ecotoxicity Inactive 0,55
Toxicity end points Clinical toxicity Inactive 0,60
Toxicity end points Nutritional toxicity Inactive 0,84
Tox21-Nuclear receptor signalling pathways Androgen Receptor (AR) Inactive 0,99
Tox21-Nuclear receptor signalling pathways Estrogen Receptor Alpha (ER) Inactive 0,97
Tox21-Stress response pathways Nuclear factor (erythroid-derived 2)-like 2/antioxidant responsive element (nrf2/ARE) Inactive 0,99
Tox21-Stress response pathways Phosphoprotein (Tumor Supressor) p53 Inactive 0,99
Molecular Initiating Events Thyroid hormone receptor alpha (THRα) Inactive 0,90
Molecular Initiating Events Thyroid hormone receptor beta (THRβ) Inactive 0,78
Molecular Initiating Events GABA receptor (GABAR) Inactive 0,96
Molecular Initiating Events Achetylcholinesterase (AChE) Inactive 0,67
Molecular Initiating Events Voltage gated sodium channel (VGSC) Inactive 0,95
Metabolism Cytochrome CYP1A2 Inactive 0,74
Metabolism Cytochrome CYP2C19 Active 0,53
Metabolism Cytochrome CYP2C9 Active 0,69
Metabolism Cytochrome CYP2D6 Inactive 0,72
Metabolism Cytochrome CYP3A4 Inactive 0,72
Metabolism Cytochrome CYP2E1 Inactive 0,99

made by decoction. The majority of these plants are shrubs and
trees, most of which are cultivated, making them inexpensive,
accessible, and effective. Influenza and cough are the illnesses
for which traditional recipes are best suited. The results of
molecular dynamics and molecular docking combined with
the ethnobotanical approach have demonstrated the potential
efficacy of C. citratus andO. gratissimum against influenza at the
molecular level. These two plants could be used therapeutically
to combat influenza. It is therefore desirable to formulate a
phytomedicine based on these two plants in order to verify or
test its efficacy and its toxicity in vitro and in vivo; to carry
out phytochemical studies in order to identify the chemical
compounds and isolate the molecules responsible for treating
influenza.

5. LIMITATION OF THE FINDINGS

This study has limitations, including ethnobotanical biases
due to the variability of local knowledge, and the reliability of
the collected data depending on the accuracy of the informants.
These limitations underscore the need for further studies (in
vitro and in vivo) to confirm the efficacy and safety of eugenol
and eugenol-rich extracts.
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from informants a prior oral consent was taken. Consent for
publication: Not applicable-this manuscript has no personal
data from the authors. Availability of data and materials:
The original data is presented in the article. There is no
supplementary data. The raw data without the names of
informants can be provided by authors.

CONFLICTS OF INTEREST

Authors declare that there is no conflict of interest.

N a t u r a l R e s o u r c e s f o r H u m a n H e a l t h 2024, 4, 230–246 | 243

https://doi.org/10.53365/nrfhh/187385


Pisco et al View Article Online

ACKNOWLEDGMENTS

The authors sincerely thank the informants for their
voluntary and spontaneous participation in this study. They
also thank the anonymous reviewers for the relevance of their
comments, which helped improve the quality of themanuscript.

ORCID

Menga Mukolo Pisco 0009-0000-5565-566X

Gerengbo Koto Georges 0009-0009-6086-9713

Mawunu Monizi 0000-0001-6658-9223

Masengo Ashande Colette 0000-0002-9086-5731

Tshimankinda Mpiana Pius 0000-0002-8590-6017

Mudogo Virima 0000-0002-4603-3620

Koto-te-Nyiwa Ngbolua 0000-0002-0066-8153

AUTHOR CONTRIBUTIONS

PMM conceived and designed the study. GKG and CMA
carried out data collection, integrated the inventory, and
performed the analysis, as well as contributed to manuscript
writing. PMM, MM, PTM, VM and NKN identified the
plants, reviewed, and edited the manuscript. All authors have
read and approved the final published version.

REFERENCES

Abdalla, M., Eltayb, W.A., El-Arabey, A.A., Singh, K., Jiang, X., 2022.
Molecular dynamic study of SARS-CoV-2 with various S protein
mutations and their effect on thermodynamic properties. Computers
in Biology and Medicine. 141, 105025. https://doi.org/10.1016/j
.compbiomed.2021.105025

Almas, I., Innocent, E., Machumi, F., Kisinza, W., 2021. Chemical
composition of essential oils from Eucalyptus globulus and Eucalyptus
maculata grown in Tanzania. Scientific African. 12, e00758. https://
doi.org/10.1016/j.sciaf.2021.e00758

Babakazo, P., Kabamba-Tshilobo, J., Wemakoy, E.O., Lubula, L.,
Manya, L.K., Ilunga, B.K., Disasuani, W., Nkwembe, E., Kavunga-
Membo, H., Changachanga, J.C., Muhemedi, S., Tamfum, J.M.,
Tempia, S., 2019. Evaluation of the influenza sentinel surveillance
system in the Democratic Republic of Congo. BMC Public Health.
19(1), 1652. https://doi.org/10.1186/s12889-019-8008-2

Bikandu, K.B., 2012. Étude de quelques espèces médicinales cibles
vendues dans les marchés de Kinshasa et leur disponibilité sur les
formations végétales: Cas des axes Kinshasa-Matadi et Kinshasa-
Kikwit.

Bisiaux, F., Peltier, R.., Muliele, J.C., 2009. Plantations industrielles
et agroforesterie au service des populations du plateau des Batéké,
Mampu, en République démocratique du Congo.

Bitsindou, M., 1996. Enquêtes sur la phytothérapie traditionnelle à
Kindamba et Odzala. . Thèse de doctorat.

Bokulu, N., 2019. Etude ethnobotanique des plantes antipaludiques
utilisées dans la commune de Mont-Ngafula: “Cas des quartiers
Mayulu et Ngansele”.

Boufissiou, A., Abdalla, M., Sharaf, M., Al-Resayes, S.I., Imededdine, K.,
Alam, M., Yagi, S., Azam, M., Yousfi, M., 2022. In-silico
investigation of phenolic compounds from leaves of Phillyrea
angustifolia L. as a potential inhibitor against the SARS-CoV-2 main

protease (Mpro PDB ID: 5R83) using a virtual screening method.
Journal of Saudi Chemical Society. 26(3), 101473. https://doi.org/
10.1016/j.jscs.2022.101473

Brügger, B.P., Martínez, L.C., Plata-Rueda, A., Castro, B.M.C.E.,
Soares, M.A., Wilcken, C.F., Carvalho, A.G., Serrão, J.E., Zanun-
cio, J.C., 2019. Bioactivity of the Cymbopogon citratus (Poaceae)
essential oil and its terpenoid constituents on the predatory bug.
Heteroptera: Pentatomidae). Scientific Reports. 9(1), 8358. https://
doi.org/10.1038/s41598-019-44709-y

Chih-Hao, L., Chih-Chieh, C., Chin-Sheng, Y., Yen-Yi, L., Jia-Jun, L.,
Sung-Tai, W., Yu-Feng, L., 2002. MIB2: metal ion-binding site
prediction and modeling server. Bioinformatics. 38(18), 4428–4429.
https://doi.org/10.1093/bioinformatics/btac534

Djoza, R.D., Majambu, N.B., Semine, M.M., Ashande, C.M.,
Mawunu, M., Mulongo, E.K., Tshimankinda, P.M.,
Ngbolua, K.T.N., 2023. Phytochemical study and anti-sickling, anti-
inflammatory, antioxidant and cytotoxic activities of Uvariodendron
molundense (Annonaceae) bark. Tropial Plant Research. 10(1),
28–45.

Ferreira, L.G., Santos, R.N., Oliva, G., Andricopulo, A.D., 2021. Molec-
ular docking and structure-based drug design strategies. Molecules.
20(7), 13384–13421. https://doi.org/10.3390/molecules200713384

Gbatea, K.A., Mawunu, M., Asimonyo, J.A., Mpiana, P.T., Lubini, A.C.,
Ngbolua, K.N., Belesi, K.H., 2023. Survey ofWild Fruits Consumed
by Animals in the Forest Block of Ubangi Eco-region, Democratic
Republic of the Congo. African Journal of Biological Sciences. 5(1),
1–13.

Hildebrand, P.W., Rose, A.S., Tiemann, J.K.S., 2019. BringingMolecular
Dynamics Simulation Data into View. Trends in Biochemical
Sciences. 44(11), 902–913. https://doi.org/10.1016/j.tibs.2019.06
.004

Ilumbe, B.G., 2010. Utilisation des plantes en médecine traditionnelle par
les Pygmées (Ba-twa) et les Bantous,. , pp. 237–237.

Ilumbe, B.G., Jaris, V., Lohanjola, N.G., Habari, J.P., 2019. Contribution
à l’étude des plantes médicinales utilisées dans le traitement des
abcès dans le territoire de Bikoro, province de l’équateur en RDC.
International Journal of Biological and Chemical Sciences. 13(1),
353–368. https://doi.org/10.4314/ijbcs.v13i1.28

IV, A.P.G., 2016. An update of the Angiosperm Phylogeny Group
classification for the orders and families of flowering plants: APG IV.
Botanical Journal of the Linnean Society. 181, 1–20. https://doi.org/
10.1111/boj.12385

Joshi, R.K., 2013. Chemical Composition, In Vitro Antimicrobial and
Antioxidant Activities of the Essential Oils of Ocimum Gratissimum,
O. Sanctum and their Major Constituents. Indian Journal of
Pharmaceutical Sciences. 75(4), 457–462. https://doi.org/10.4103/
0250-474X.119834

Juergens, U.R., 2014. Anti-inflammatory properties of the monoterpene
1.8-cineole: current evidence for co-medication in inflammatory
airway diseases. Drug Research. 64(12), 638–646. https://doi.org/
10.1055/s-0034-1372609

Kabengele, C.N., Kasiama, N.G., Ngoyi, M.E., Inkoto, L.C., Bete, M.J.,
Babady, P.B., Tshibangu, D.S.T., Tshilanda, D.D., Kalele, M.H.,
Mpiana, T.P., Ngbolua, K.N., 2023. Biogenic synthesis, characteri-
zation and effects of Mn-CuO composite nanocatalysts on Methylene
blue photodegradation and Human erythrocytes. AIMS Materials
Science. 10(2), 356–369. https://doi.org/10.3934/matersci.2023019

Kavunga-Membo, H., Nkwembe, E., Simulundu, E., Karhemere, S.,
Babakazo, P., Manya, L., Kabamba, J., Okitolonda, E., Ahuka-
Mundeke, S., Muyembe, J.J., 2015. Epidemiology of circulating
human influenza viruses from the Democratic Republic of Congo.
PLoS One. 13(9), e0203995. https://doi.org/10.1371/journal.pone

N a t u r a l R e s o u r c e s f o r H u m a n H e a l t h 2024, 4, 230–246 | 244

https://doi.org/10.53365/nrfhh/187385
https://doi.org/10.1016/j.compbiomed.2021.105025
https://doi.org/10.1016/j.compbiomed.2021.105025
https://doi.org/10.1016/j.sciaf.2021.e00758
https://doi.org/10.1016/j.sciaf.2021.e00758
https://doi.org/10.1186/s12889-019-8008-2
https://doi.org/10.1016/j.jscs.2022.101473
https://doi.org/10.1016/j.jscs.2022.101473
https://doi.org/10.1038/s41598-019-44709-y
https://doi.org/10.1038/s41598-019-44709-y
https://doi.org/10.1093/bioinformatics/btac534
https://doi.org/10.3390/molecules200713384
https://doi.org/10.1016/j.tibs.2019.06.004
https://doi.org/10.1016/j.tibs.2019.06.004
https://doi.org/10.4314/ijbcs.v13i1.28
https://doi.org/10.1111/boj.12385
https://doi.org/10.1111/boj.12385
https://doi.org/10.4103/0250-474X.119834
https://doi.org/10.4103/0250-474X.119834
https://doi.org/10.1055/s-0034-1372609
https://doi.org/10.1055/s-0034-1372609
https://doi.org/10.3934/matersci.2023019
https://doi.org/10.1371/journal.pone.0203995
https://doi.org/10.1371/journal.pone.0203995


Pisco et al View Article Online

.0203995
Keilman, L.J., 2019. Seasonal Influenza (Flu). Nursing Clinics of North

America. 54(2), 227–243. https://doi.org/10.1016/j.cnur.2019.02
.009

Lautenschläger, T., Monizi, M., Pedro, M., Mandombe, J.L., Brán-
quima, M.F., Heinze, C., Neinhuis, C., 2018. First large-scale
ethnobotanical survey in the province of Uíge, northern Angola.
Journal of Ethnobiology and Ethnomedicine. 14(1), 51–51. https://
doi.org/10.1186/s13002-018-0238-3

Lejoly, J., Lisowskis, S., Ndjele, M.B., 1988. Catalogue des plantes
vasculaires des sous-régions de Kisangani et de Tshopo, haut Zaïre.
3 Ed. Laboratoire de Botanique, (Eds.)., pp. 122–122.

Liyongo, C.T., Mbingu, M.L., Masengo, C.M., Ngbolua, J.P.,
Mawunu, M., Mawil, C.F., Kankolongo, J.N., Eyale, L.E.,
Dinangayi, D.T., Tshibangu, D.S., Mpiana, P.T., 2023.
Contribution to the ethno-botanical study and the bioenergetic,
cosmetic, and pharmaco-biological valorisation of J. curcas L.
(Euphorbiaceae) in the Democratic Republic of the Congo.
Science Journal of University of Zakho. 11(4), 532–543.
https://doi.org/10.25271/sjuoz.2023.11.4.1171

Manivannan, C., Malaisamy, A., Eswaran, A., Meyyazhagan, M.,
Arumugam, A., Rengasamy, V.A., Balasubramanian, K.R.R., Liu, B.,
C, W., 2022. Evaluation of Clove Phytochemicals as Potential
Antiviral Drug Candidates Targeting SARS-CoV-2 Main Protease:
Computational Docking, Molecular Dynamics Simulation, and
Pharmacokinetic Profiling. Frontiers in Molecular Biosciences. 9,
918101. https://doi.org/10.3389/fmolb.2022.918101

Masengo, C.A., Bongo, N.G., Robijaona, B., Ilumbe, G.B.,
Ngbolua, K.N., Mpiana, P.T., 2021. Etude ethnobotanique
quantitative et valeur socioculturelle de Lippia multiflora Moldenke
(Verbenaceae) à Kinshasa, République Démocratique du Congo.
Revue Marocaine des Sciences Agronomiques & Vétérinaires. 9,
93–101.

Masengo, C.A., Masunda, A.T., Ngbolua, K.N., Kilembe, J.T.,
Matondo, A., Liyongo, I.C., Benjamin, I.G.Z., Emmanuel, L.M.,
Tshibangu, D.S., Tshilanda, D.D., Mpiana, P.T., Mudogo, V., 2022.
Glucose oxidase as a model enzyme for antidiabetic activity evaluation
of medicinal plants: In vitro and in silico evidence. Natural Resources
for Human Health. 2(2), 265–273. https://doi.org/10.53365/nrfhh/
144779

Matondo, A., Dendera, W., Isamura, B.K., Ngbolua, K.T.,
Mambo, H.V.S., Muzomwe, M., Mudogo, V., 2022. In silico
Drug Repurposing of Anticancer Drug 5-FU and Analogues Against
SARS-CoV-2 Main Protease: Molecular Docking, Molecular
Dynamics Simulation, Pharmacokinetics and Chemical Reactivity
Studies. Advances and Applications in Bioinformatics and Chemistry.
15, 59–77. https://doi.org/10.2147/AABC.S366111

Mawunu,M., António,D., Vita, P., Ngbolua, K.N., Luyeye, L., Ndiku, L.,
Luzolawo, M.P., Francisco, N.M., 2023. Ethnobotanical Survey
of Herbal Teas Consumed in Uíge Province. Angola: Part 1.
Ethnobotany Research and Applications. 26, 23–23.

Mawunu, M., Garcia, Z., Manuel, S.P., Nguvulo, J.C.P., Mampasi, N.,
Guillame, N.M., Koto-Te-Nyiwa, N., Ndiku, L., Luyeye, L., 2022.
Biodiversity and Ethnobotany of Medicinal Plants of the Small Songo
City. Angola. Journal of Quality in Healthcare Economics. 4, 290.
https://doi.org/10.23880/jqhe-16000290

Mbula, J.P., Andres, M.F., Kitete, E.M., Kasiama, N.G., Tshilanda, D.D.,
Ngbolua, K.N., Tshibangu, D.S.T., Onautshu, O., González-
Coloma, A., Mpiana, P.T., 2023. Valorization of the essential oil from
Drypetes gossweileri S. Moore (Putranjivaceae): in vitro, in vivo, and
in silico nematicidal activity. Frontiers in Plant Science. 14, 1260360.
https://doi.org/10.3389/fpls.2023.1260360

Meissner, H.C., 2001. Influenza: emerging control of an old disease.
Pediatric Emergency Care. 17(6), 465–470. https://doi.org/10.1097/
00006565-200112000-00019

Menga, M.P., 2012.
Menga, M.P., Amogu, D.J.J., Makwela, N.L., Bikandu, K.B.,

Lukoki, L.F., 2022. Études ethno-botanique et écologique des
plantes utilisées dans le traitement des maladies de voies respiratoires
dans la commune de Mont-Ngafula à Kinshasa. International Journal
of Progressive Sciences and Technologies. 32, 276–287.

Mongeke, M.M., Ngbolua, K.N., Bakola, R.D., Inkoto, C.L., Elikan-
dani, P.N., Mowuli, C.Y., 2018. Survey on the plants used in
Traditional medicine by Bambenga: Pygmy from Dongo Sector
(Territory of Kungu, Province of Sud-Ubangi) in Democratic
Republic of the Congo. Revue Marocaine des Sciences Agronomiques
& Vétérinaires. 6(4), 469–475.

Mpiana, P.T., Ngbolua, K.N., Tshibangu, D.S.T., Kilembe, J.T.,
Gbolo, B.Z., Mwanangombo, D.T., Inkoto, C.L., Lengbiye, E.M.,
Mbadiko, C.M., Matondo, A., Bongo, G.N., Tshilanda, D.D.,
2022a. Aloe vera (L.) Burm. F. as a Potential Anti-COVID-19
Plant: A Mini-review of Its Antiviral Activity. European Journal of
Medicinal Plants. 31(8), 86–93. https://doi.org/10.9734/ejmp/2020/
v31i830261

Mpiana, P.T., Ngbolua, K.N., Tshibangu, D.S.T., Kilembe, J.T.,
Gbolo, B.Z., Mwanangombo, D.T., Inkoto, C.L., Lengbiye, E.M.,
Mbadiko, C.M., Matondo, A., Bongo, G.N., Tshilanda, D.D.,
2022b. Identification of potential inhibitors of SARS-CoV-2 main
protease from Aloe vera compounds: a molecular docking study.
Chemical Physics Letters. 754, 137751. https://doi.org/10.1016/j
.cplett.2020.137751

Murail, S., De Vries, S.J., Rey, J., Moroy, G., Tufféry, P., 2021. SeamDock :
An interactive and collaborative online docking resource to assist small
compound molecular docking. Frontiers in Molecular Biosciences. 8,
716466. https://doi.org/10.3389/fmolb.2021.716466

Ngbolua, K.N., 2020. Ethnobotanique quantitative : Approches
méthodologiques pour l’évaluation et la valorisation du savoir
endogène en régions tropicales,. .

Ngbolua, K.N., Inkoto, C.L., Mongo, N.L., Ashande, C.M.,
Masens, Y.B., Mpiana, P.T., 2019. Étude ethnobotanique et
floristique de quelques plantes médicinales commercialisées à
Kinshasa, République Démocratique du Congo. Revue Marocaine
des Sciences Agronomiques & Vétérinaires. 7, 118–128.

Ngbolua, K.N., Mbadiko, M.C., Matondo, A., Bongo, N.G.,
Inkoto, L.C., Gbolo, Z.B., Lengbiye, M.E., Kilembe, T.J.,
Mwanangombo, D.T., Ngoyi, E.M., Falanga, M.C.,
Tshibangu, D.S.T., Tshilanda, D.D., Mpiana, P.T., 2020. Review
on Ethno-botany, Virucidal Activity, Phytochemistry and Toxicology
of Solanum genus: Potential Bio-resources for the Therapeutic
Management of Covid-19. European Journal of Nutrition and
Food Safety. 12(7), 35–48. https://doi.org/10.9734/ejnfs/2020/
v12i730246

Ngbolua, K.N., Rafatro, H., Rakotoarimanana, H., Urverg, R.S.,
Mudogo, V., Mpiana, P.T., Tshibangu, D.S.T., 2011. Pharmacolog-
ical screening of some traditionally-used antimalarial plants from the
Democratic Republic of Congo compared to its ecological taxonomic
equivalence in Madagascar. International Journal of Biological and
Chemical Sciences. 5(5), 1797–1804. https://doi.org/10.4314/ijbcs
.v5i5.3

Ngbolua, K.N., Rakotoarimanana, H., Rafatro, H., Urverg, R.S.,
Mudogo, V., Mpiana, P.T., Tshibangu, D.S.T., 2011. Comparative
antimalarial and cytotoxic activities of two Vernonia species: V.
amygdalina from the Democratic Republic of Congo and V.
cinerea subsp vialis endemic to Madagascar. International Journal of

N a t u r a l R e s o u r c e s f o r H u m a n H e a l t h 2024, 4, 230–246 | 245

https://doi.org/10.1371/journal.pone.0203995
https://doi.org/10.1016/j.cnur.2019.02.009
https://doi.org/10.1016/j.cnur.2019.02.009
https://doi.org/10.1186/s13002-018-0238-3
https://doi.org/10.1186/s13002-018-0238-3
https://doi.org/10.25271/sjuoz.2023.11.4.1171
https://doi.org/10.3389/fmolb.2022.918101
https://doi.org/10.53365/nrfhh/144779
https://doi.org/10.53365/nrfhh/144779
https://doi.org/10.2147/AABC.S366111
https://doi.org/10.23880/jqhe-16000290
https://doi.org/10.3389/fpls.2023.1260360
https://doi.org/10.1097/00006565-200112000-00019
https://doi.org/10.1097/00006565-200112000-00019
https://doi.org/10.9734/ejmp/2020/v31i830261
https://doi.org/10.9734/ejmp/2020/v31i830261
https://doi.org/10.1016/j.cplett.2020.137751
https://doi.org/10.1016/j.cplett.2020.137751
https://doi.org/10.3389/fmolb.2021.716466
https://doi.org/10.9734/ejnfs/2020/v12i730246
https://doi.org/10.9734/ejnfs/2020/v12i730246
https://doi.org/10.4314/ijbcs.v5i5.3
https://doi.org/10.4314/ijbcs.v5i5.3


Pisco et al View Article Online

Biological and Chemical Sciences. 5(1), 345–345.
Ngbolua, N.K., Mihigo, S.O., Liyongo, C.I., Ashande, M.C.,

Tshibangu, D.S.T., Zoawe, B.G., Baholy, R., Fatiany, P.R.,
Mpiana, P.T., 2016. Ethno-botanical survey of plant species used in
traditional medicine in Kinshasa city (Democratic Republic of the
Congo). Tropical Plant Research. 3(2), 413–427.

N’guessan, K., Bi, F.H.T., Koné, M.W., 2009. Étude ethnopharma-
cologique de plantes antipaludiques utilisées en médecine tradition-
nelle chez les Abbey et Krobou d’Agboville,. , pp. 42–50.

Nkwembe-Ngabana, E., Ahuka-Mundeke, S., Kebela-Ilunga, B.,
Londa, E.O., Muyembe-Tamfum, J.J., 2017. Revue d’épidémies de
grippe humaine avant la mise en place de la surveillance sentinelle en
République Démocratique du Congo [Literature review on human
influenza epidemics occurred before the implementation plan for
sentinel surveillance program in the DRC. Pan Afr Med J. 27, 35.
https://doi.org/10.11604/pamj.2017.27.35.10197

Petretto, G.L., Vacca, G., Addis, R., Pintore, G., Nieddu, M., Piras, F.,
Sogos, V., Fancello, F., Zara, S., Rosa, A., 2023. Waste Citrus
limon Leaves as Source of Essential Oil Rich in Limonene and
Citral: Chemical Characterization, Antimicrobial and Antioxidant
Properties, and Effects on Cancer Cell Viability. Antioxidants. 12,
1238. https://doi.org/10.3390/antiox12061238

Prashar, A., Locke, I.C., Evans, C.S., 2006. Cytotoxicity of clove
(Syzygium aromaticum) oil and its major components to human skin
cells. Cell Proliferation. 39(4), 241–248. https://doi.org/10.1111/
j.1365-2184.2006.00384.x

Rasheed, M.A., Iqbal, M.N., Saddick, S., Ali, I., Khan, F.S., Kanwal, S.,
Ahmed, D., Ibrahim, M., Afzal, U., Awais, M., 2021. Identification
of Lead Compounds against Scm (fms10) in Enterococcus faecium
Using Computer Aided Drug Designing. Life (Basel). 11(2), 77.
https://doi.org/10.3390/life11020077

Raunkiaer, C., 1934. The life forms of plants and statistical plant
geography,. Clarendon Press, Oxford, pp. 632–632.

Razafimahatratra, A.J.E., Robijaona, R.B., Rakotojaona, A.M.T., Ranjato-
son, N., Rabearisoa, S.R., Ngbolua, K.N., Razafindrakoto, F.N.R.,
Letsara, R., Razafimahefa, M.V., 2023. Microwave-assisted Extrac-
tion of Vanillin from Madagascar Vanilla planifolia beans: Optimiza-
tion and Modeling. Natural Resources for Human Health. 3, 370–
378. https://doi.org/10.53365/nrfhh/169229

Sassa, L.F.E., 2013.
Shivakumar, D., Williams, J., Wu, Y., Damm, W., Shelley, J.,

Sherman, W., 2010. Prediction of Absolute Solvation Free Energies
using Molecular Dynamics Free Energy Perturbation and the OPLS

Force Field. Journal of Chemical Theory and Computation. 6(5),
1509–1519. https://doi.org/10.1021/ct900587b

Sofowora, A., 1993. Medicinal plants and traditional medicine in Africa,
and others, (Eds.), Important Medicinal and Aromatic Plants -
AfricaPublisher: UNESCO - Encyclopedia of Life Support Systems
(EOLSS).

Tahiri, E.M., Benaabidate, L., Nejjari, C., Benbrahim, K.F., 2012. Assess-
ment of phytochemical and biological parameters of Al Ghassani
hospital wastewaters. Journal ofMaterials and Environmental Science.
3(1), 115–120.

Tshilanda, D.D., Mpiana, P.T., Onyamboko, D.N.V., Mbala, M.B.,
Ngbolua, K.N., Tshibangu, D.S.T., Bokolo, K.M., Taba, M.K.,
Kasonga, K.T., 2014. Antisickling activity of butyl stearate isolated
from Ocimum basilicum (Lamiaceae). Asian Pacific Journal of
Tropical Biomedicine. 4, 393–401. https://doi.org/10.12980/APJTB
.4.2014C1329

Tshituka, L., 2015. Etude de la végetation forestière de la ferme
SOGENAC à Kinshasa Mont-Ngafula. Master/ Institut Superieur.
Des sciences Agrovétérinaires de Kimwenza.

Umar, A.K., Zothantluanga, H.J., Keerthic, A., Saipul, M., Muham-
mad, S.Z., Lalhlenmawia, H., Mithun, R., Dipak, C., 2022. Antiviral
phytocompounds “ellagic acid” and “(+)-sesamin” of Bridelia retusa
identified as potential inhibitors of SARS-CoV-2 3CL pro using
extensive molecular docking, molecular dynamics simulation studies,
binding free energy calculations, and bioactivity prediction. Structural
Chemistry. 33, 1445–1465. https://doi.org/10.1007/s11224-022
-01959-3

Viuda-Martos, M., Ruiz-Navajas, Y., Fernández-López, J., Pérez-
Alvarez, J.A., 2008. Antibacterial activity of lemon (Citrus lemon L.),
mandarin (Citrus reticulata L.), grapefruit (Citrus paradisi L.) and
orange (Citrus sinensis L.) essential oils. Journal of Food Safety. 28(4),
567–576. https://doi.org/10.1111/j.1745-4565.2008.00131.x

WHO., 2002. Traditional medicine strategy 2002-2005.
Yu-Feng, L., Chih-Wen, C., Chung-Shiuan, S., Jenn-Kang, H., Chin-

Sheng, Y., Chih-Hao, L., 2016. MIB: Metal Ion-Binding Site
Prediction and Docking Server. Journal of Chemical Information
and Modeling. 56(12), 2287–2291. https://doi.org/10.1021/acs.jcim
.6b00407

Zhang, S., Zhang, L., Yu, M., Luo, D., Chen, S., Liu, W., Zhang, Y.,
Zhang, L., Zhao, T., 2022. Essential oils of Zingiber officinale :
Chemical composition, in vivo alleviation effects on TPA induced ear
swelling in mice and in vitro bioactivities. Frontiers in Nutrition. 9,
1043175. https://doi.org/10.3389/fnut.2022.1043175

N a t u r a l R e s o u r c e s f o r H u m a n H e a l t h 2024, 4, 230–246 | 246

https://doi.org/10.53365/nrfhh/187385
https://doi.org/10.11604/pamj.2017.27.35.10197
https://doi.org/10.3390/antiox12061238
https://doi.org/10.1111/j.1365-2184.2006.00384.x
https://doi.org/10.1111/j.1365-2184.2006.00384.x
https://doi.org/10.3390/life11020077
https://doi.org/10.53365/nrfhh/169229
https://doi.org/10.1021/ct900587b
https://doi.org/10.12980/APJTB.4.2014C1329
https://doi.org/10.12980/APJTB.4.2014C1329
https://doi.org/10.1007/s11224-022-01959-3
https://doi.org/10.1007/s11224-022-01959-3
https://doi.org/10.1111/j.1745-4565.2008.00131.x
https://doi.org/10.1021/acs.jcim.6b00407
https://doi.org/10.1021/acs.jcim.6b00407
https://doi.org/10.3389/fnut.2022.1043175

	INTRODUCTION
	MATERIAL AND METHODS
	Study area
	Material
	Research methods
	Ethnobotanical survey
	Plant identification and classification
	Determining the consensus of informants and cultural importance
	Ecological characterization of plants
	Data processing and analysis
	In silico study
	Ethical considerations


	RESULTS AND DISCUSSION
	Sociodemographic profile of respondents
	Floristic and ecological characteristics
	Distribution of taxa
	Ecological characteristics of plants

	Ethnobotanical characteristics of plants
	Informant consensus and cultural importance
	Parts of plants used in medicinal recipes
	Preparation of medicinal recipes
	Composition of medicated recipes
	Use of medicinal recipes
	Methods of administering drug recipes
	Physical state of consumption of recipes and opinion on treatment efficacy


	CONCLUSIONS AND SUGGESTIONS
	LIMITATION OF THE FINDINGS
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE 

