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Abstract

Context: In an emergency situation such as the current COVID-19 pandemic and the absence of effective treatment, medicinal plants constitute an alternative
solution to strengthen immunity, combat and prevent this disease and reduce related sickness.

Aims: To determine the ethnobotanical knowledge of medicinal plants used in confirmed cases of COVID-19 and the satisfaction of the latter, thanks to the
use of the associative database.

Methods: An ethnobotanical survey was conducted in the Taza region among confirmed cases of COVID-19 and their contacts. For this purpose, a
questionnaire was distributed to participants. Quantitative analysis was used to assess ethnobotanical knowledge with the use, for the first time, of a method
of artificial intelligence: the association rule, to determine participant satisfaction according to the different variables studied.

Results: A total of 222 patients, distributed equally in rural and urban areas, participated in the study and indicated the use of 17 species belonging to nine
botanical families. Lamiaceae was the most used family, and leaves were the most used part and were prepared in the form of infusion. The rule of
association demonstrated strong satisfaction with using these plants among the participants, especially the positive cases. To the best of our knowledge, this
is the first ethnobotanical survey in the Taza province (Morocco).

Conclusions: This work provides ethnobotanical information on plants used to treat and prevent COVID-19 for positive cases and their contacts. It would be
interesting to confirm their usefulness and efficacy through experimental studies.

Keywords: association rule; COVID-19; ethnobotany; medicinal plants; Taza; Morocco.

Resumen

Contexto: En una situacion de emergencia como la actual pandemia de COVID-19 y a falta de un tratamiento eficaz, las plantas medicinales constituyen una
solucidn alternativa para reforzar lainmunidad, combatir y prevenir esta enfermedad y reducir las enfermedades relacionadas.

Objetivos: Determinar el conocimiento etnobotanico de las plantas medicinales utilizadas en los casos confirmados de COVID-19 y la satisfaccion de estos
ultimos, gracias al uso de la base de datos asociativa.

Métodos: Se realizd una encuesta etnobotanica en la region de Taza entre los casos confirmados de COVID-19 y sus contactos. Para ello, se distribuy6 un
cuestionario a los participantes. Se utilizé un andlisis cuantitativo para evaluar los conocimientos etnobotanicos con el uso, por primera vez, de un método
de inteligencia artificial: la regla de asociacin, para determinar la satisfaccion de los participantes en funcién de las diferentes variables estudiadas.

Resultados: Un total de 222 pacientes, distribuidos equitativamente en zonas rurales y urbanas, participaron en el estudio e indicaron el uso de 17 especies
pertenecientes a nueve familias botanicas. Lamiaceae fue la familia mas utilizada, siendo las hojas la parte mas empleada y preparada en forma de infusion.
La regla de asociacion demostrd una gran satisfaccion con el uso de estas plantas entre los participantes, especialmente en los casos positivos. Por lo que
sabemos, se trata del primer estudio etnobotanico realizado en la provincia de Taza (Marruecos).

Conclusiones: Este trabajo proporciona informacion etnobotanica sobre las plantas utilizadas para tratar y prevenir la COVID-19 para los casos positivos y sus
contactos. Seria interesante confirmar su utilidad y eficacia mediante estudios experimentales.

Palabras Clave: COVID-19; etnobotanica; Marruecos; plantas medicinales; regla de asociacion; Taza.
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INTRODUCTION

The cultivation of medicinal and aromatic plants
(MAPs) has long been engaged in the treatment of
diseases and infections of several populations in dif-
ferent world countries (Chali et al., 2021; Mintah et al.,
2019). In 2020, a new type of Coronavirus was identi-
fied; thus, several countries have resorted to different
initiatives to discover a specific preventive and cura-
tive treatment to combat Coronavirus disease. In ac-
cordance with the absence of a solution and etiologi-
cal treatments proposed for patients affected by
COVID-19 (Balmond, 2021), the excessive use of me-
dicinal and aromatic plants has been noticed world-
wide. In the same sense, several studies have been
carried out to investigate the plant species used to
relieve cough, fever, and fatigue, which constitute the
three most frequent symptoms of COVID-19 infection
(Luo et al., 2020; Phumthum et al., 2021; Silveira et al.,
2020).

In Morocco, numerous research works deal with
the use of MAPs during the COVID-19 pandemic and
emphasize the factors that favor it. This extreme use
of MAPs could be explained by the inaccessibility to
basic medical and health structures, mainly in land-
locked and/or rural areas, and the failure of the na-
tional health system in terms of resources, materials,
and techniques (Chaachouay et al., 2021; El Alami et
al., 2020); in addition to the ineffectiveness of the con-
ventional research protocols.

Since October 2020, several surveys have been exe-
cuted with the Moroccan population from different
regions to identify and list the most used MAPs to
treat the symptoms of COVID-19. Among the most
used plants to fight against the pandemic, Artemisia
vulgaris L. (Chih in Arabic) was recommended to treat
cough, Chamaemelum nobile L. (Babounj in Arabic) was
employed to prevent fever, Thymus vulgaris L.
(Thyme, Zaatar in Arabic) and Rosmarinus officinalis L.
(Rosemary, Iklil ljabal) were suggested for runny nose
(Benkhaira et al., 2021a; 2021b; Chaachouay et al.,
2021; El Alami et al., 2020). Moreover, the participants
mentioned that traditional medicine has always occu-
pied an important place in Morocco. Indeed, there is a
real traditional therapeutic arsenal of recipes and
practices within Morocco, which are transmitted from
generation to generation and/or collected from expe-
rienced herbalists (Bary and El Amraoui, 2020).

The present work aims to determine the factors fa-
voring the use of phytotherapy by confirmed and
suspected cases of COVID-19 in the Taza province in
Morocco and identify the most used plants, as well as
to establish the association between participants' sat-
isfaction and the different factors of MAPs usage to
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relieve and treat the symptoms of COVID-19.

MATERIAL AND METHODS

Description of the study area

Taza is among the oldest cities in Morocco and
even North Africa; it dates from the 10t century when
it was built by the tribes of Meknassa. Moreover, Taza
occupies a strategic position in the pre-Rif; between
the Rif and the Atlas on the one hand and the Atlantic
Ocean and the Mediterranean Sea on the other (Fig. 1)
(Jaouad et al., 2020).

Geographical data

The province of Taza belongs to the Fez-Meknes
region; and extends over an area of 7.101 km? corre-
sponding to 6.5% of this region’s area. It is bordered
to the north by the provinces of Al Hoceima and Dri-
ouch; to the east by the provinces of Driouch and
Guercif; to the south by the province of Sefrou; and to
the west by the provinces of Sefrou and Taounate
(Jaouad et al., 2020).

Demographic data

The population of Taza province, comprising 928
localities, was estimated in 2014 at 528.281 individu-
als, divided between 207.860 (39%) in urban areas and
320.421 (61%) in rural areas, with a population densi-
ty of 79 inhabitants/km? (Mrabti et al., 2022).

Target population and sampling

This study primarily targeted people who con-
firmed and suspected COVID-19 and their contacts.
The people excluded from this study were children
under 18, people who have never been affected by
COVID-19, and those who have never been in contact
with positive cases.

Justification of the study environment

The choice of Taza City as a study area can be jus-
tified for many reasons. It is the most accessible envi-
ronment where the previously announced irritation
has been observed, and many positive cases have
been recorded so far: 2764 confirmed cases, of which
99 died (Regional Health Directorate Fez-Meknes,
2022).

A stratified probability sample was conducted in
rural and urban areas. For reasons of study’ credibil-
ity, time, accessibility and cost, a sample of 300 con-
firmed cases of Coronavirus was examined. In addi-
tion, a non-probability sample in favor of herbalists
was taken into consideration.
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Figure 1. Location of the study area; Taza-Morocco.

Methods and instruments of data collection

The method adopted for data collection was the
questionnaire, which consisted of several closed and
open questions in French or Arabic, requiring written
answers from the participants. This method has the
advantage of respecting the anonymity and confiden-
tiality of the participants. Before distributing the pre-
pared questionnaire (Annex 1) to the entire target
population of the study, a test of intelligibility and
clarity of terms was carried out. Thereby, the ques-
tionnaire was distributed to 20 people who were al-
ready confirmed cases or who contacted confirmed
COVID-19 cases to determine their ability to answer
and the difficulty of the questions asked.

Relative frequency citation (RFC)

The Relative Citation Frequency (RFC) was calcu-
lated by dividing the citation frequency (FC) by the
population size (N) [1] (Tardio and Pardo-de-

Santayana, 2008).
RFC Fe

- 1

N (1]

This index indicates the relative importance for
each species in the studied area.

Family Use Value (FUV)

Family Use Value (FUV) shows the significance of
botanical families. It was measured to demonstrate
the biological taxon value of species and was calculat-
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ed according to [2] Sreekeesoon and Mahomoodally
(2014).

FUV:N—S [2]

Where Ns: number of species in the family.

Ethical standard

The data was collected with respect for confidenti-
ality, anonymity, and consent. All participants have
been informed of the purpose of this study.

Statistical analysis

Ethnobotanical data and information collected
during the survey were entered and analyzed using a
database using Microsoft Office Excel and SPSS soft-
ware. A quantitative statistical method was used to
test the hypothesis of comparison of means between
matched groups, and p<0.001 was considered highly
significant, p<0.01 very significant, and p<0.05 signif-
icant.

Association rule extraction model approach

This is a transactional database model, represent-
ing items in columns and operations in rows. To
adopt this model in the present study, the process of
making a hollow matrix where the rows represent the
different factors of the medicinal and aromatic plants
used to alleviate and treat the COVID-19 symptoms
was used.
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Table 1. Socio-demographic characteristics of respondents who participated in the study in the Taza region, Morocco (n =222).

Socio-demographic Respondents Percentage Socio-demographic Respondents  Percentage

variable (n) (%) variable (n) (%)

Gender Social coverage

Female 140 63 Yes 125 56

Male 82 37 No 97 44

Age range COVID-19 in the population

18-30 84 38 Contact case 73 33

31-40 28 12 Positive case 149 67

41-50 48 22 Accessibility to primary health care

51-60 42 19 Easy access 51 23

+60 years old 20 09 Medium access 44 20

Marital status Difficult access 127 57

Single 87 39 Level of education

Married 118 53 No education 58 26

Widower 17 08 Primary 40 18

Residence Secondary 40 18

Urban 111 50 University 84 38

Rural 111 50 Knowledge about COVID-19

Economic level Yes 204 92

Down 71 32 No 18 08

Medium 142 64 Interest in using plants

Raised 9 4 Prevention of COVID19 146 66
Treatmentof COVID19 76 34

The technique adopted in this study consists of
two steps: First, an a priori algorithm, which is part of
the DATA mining (associative) algorithm, was ap-
plied (Agrawal et al., 1993; Flouchi et al., 2021). In this
case, the algorithm's performance parameters are
minimal support 40% and minimal confidence 90%.
Secondly, this algorithm extracted the association
rules between population satisfaction and the factors
of using aromatic and medicinal plants to relieve and
treat COVID-19 symptoms. The left indicator, which
is strictly greater than 1, was applied to have signifi-
cant association rules.

RESULTS

Socio-demographic characteristics of respondents

A total of 222 patients participated in the study.
The majority of participants were female, 63% (n =
140); the median age was 28 years; 53% of the re-
spondents were married (n = 118), 39% were single (n
= 87), and 8% were widowed (n = 17). Participants'
residence was equally distributed between rural and
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urban areas (n = 111); their education level was dis-
tributed between 38% (n = 84) university level, 18% (n
= 40) secondary and primary levels, and 26% (n = 58)
without school education; the participants” economic
level was low for 32% of cases (n = 71), medium for
64% (n = 142) and high only for 4% (n = 09) of cases.
Regarding social security coverage: 56% (n = 125) had
social security coverage, and 44% (n = 97) had no
coverage; while for access to primary health care: 23%
(n = 51) had easy access, 20% (n = 44) had average
access, and 57% (127) had difficult access (Table 1).

Regarding the issues of COVID, 67% (n = 149)
were COVID-19-positive cases, and 33% (n = 73) had
direct contact with COVID-19-positive cases. In addi-
tion, 92% (n = 204) of participating cases had
knowledge about the COVID-19 mode of transmis-
sion and symptoms while 8% (n = 18) were unaware.
Concerning the use of aromatic and medicinal plants,
66% (n = 146) had used plants for treatment and/or
prevention of the severity of the COVID-19 symp-
toms, and 34% (n =76) did not use MAPs (Table 1).
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Association between the use of aromatic and
medicinal plants in COVID-19 and the different
variables

As shown in Table 2, there is a highly significant
association between the use of medicinal and aro-
matic plants and gender (p<0.001), residence
(p<0.001), and also marital status and social coverage
(p<0.01). Moreover, there is a highly significant asso-
ciation between the use of MAPs and knowledge
about COVID-19 (p<0.01), while there is no significant
association between the use of MAPs and the other
variables (p>0.05) (Table 2).

Plants used, mode of administration and adverse
effects

During this study, the respondents used 17 species
belonging to 9 botanical families to treat and prevent
the symptoms of COVID-19 in the region of Taza. The
most important family was the Lamiaceae (FUV =
0.07), represented by seven species (Calamintha offici-
nalis, Lavandula officinalis L., Mentha pulegium L., Men-
tha rotundifolia L., Origanum compactum Benth., Rosma-
rinus officinalis L., Salvia officinalis L.), followed by the
family of Asteraceae with two species (FUV = 0.02)
(Anthemis arvensis L., and Artemisia herba-alba L.) and
the family of Myrtaceae (FUV = 0.17) (Eucalyptus globu-
lus Labill., and Syzygium aromaticum (L.) Merr. &
L.M.Perry) (Table 3). In addition, only one species for
the families Verbenaceae (Aloysia citriodora Palau), Ru-
taceae (Citrus limon L.), Amaranthaceae (Dyspharnia
ambrosioides L.), Oleaceae (Olea europaea
L.), Cupressaceae (Tetraclinis articulata (Vahl) Mast.)
and Caryophyllaceae (Telephium imperati L.) were in-
formed. The most used species were Eucalyptus globu-
lus (RFC = 0.26), Origanum compactum (RFC = 0.20),
Mentha pulegium (RFC = 0.12), and Syzygium aromati-
cum (RFC = 0.08) (Figs. 2 and 3).

According to the collected answers, the methods of
preparation and use of the plants are infusion
(65.70%), decoction (56.50%), maceration (14.8%), and
others (9.30%). Moreover, 68.30% of plants users de-
clare their use for coughs, 62.90% for fatigue, 61.10%
for fever, and 50.9% for headaches (Fig. 4). In addi-
tion, 68% of the plant’s users confirm that the plants
use duration is more than 5 days, while 32% declares
a use duration less than 5 days. The main undesirable
effects noticed during the plants' use were diarrhea
(61.9%), nausea and vomiting (33.33%), headaches,
and respiratory distress (23.8%) (Fig. 5).
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Concerning the plants parts used, leaves represent
47%, followed by whole plants and flowers (14%),
fruits (11%), roots (8%), and seeds (6%) (Fig. 6). Re-
garding the knowledge” sources for plant use by the
studied population, inherited indigenous knowledge
was declared by 84.70% of the respondents, experi-
ences of other people by 74.30%, social media
(52.70%) and scientific reports (9.90%) (Fig. 7).

Model approach for extracting association rules

It is based on the application of the "a priori algo-
rithm" of the transactional database (with a minimal
support of 40%, a minimal confidence of 85%, and a
left greater than 1). Table 4 shows the strong and sig-
nificant association rules between satisfaction and the
different variables of the present study.

The analysis of the different association rules pre-
sented in Table 4, based on the intersection of the
different antecedents of the strong association rules,
gives at the end two most significant and strong asso-
ciation rules presented.

The results obtained show a strong association be-
tween the satisfaction of the respondents with the
following elements:

- Positive Case, duration of plants use greater than
5 days, average economic level, knowledge of adverse
effects, female, rural, and occurrence of adverse ef-
fects with a confidence of 1. This means that COVID-
19-positive respondents, who have used the plants for
more than 5 days, have an average economic level
and a knowledge of the plants’ undesirable effects,
females from rural areas and people who have not
manifested any adverse effects are very satisfied with
the use of aromatic and medicinal plants with 100%
confidence according to the extraction model.

- Duration of use of plants greater than 5 days, av-
erage economic level, knowledge of adverse effects,
access to health care, and appearance of adverse ef-
fects with a confidence of 0.92. This means that the
respondents who have used the plants for more than
5 days, who have an average economic level, a
knowledge of the undesirable effects of plants, and
difficulty in accessing care, with an absence of an
appearance of adverse effects are satisfied with the
use of aromatic and medicinal plants with a confi-
dence of 92.70% according to the extraction model.
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Table 2. Socio-demographic characteristics of participants who used medicinal plants to
treat or prevent COVID-19 in the region of Taza, Morocco.

Used medicinal plant as preventive (n)

Socio-demographic variable P-value
Yes =146 No=76

Gender <0.001

Female 108 32

Male 38 44

Age range 0.347

18-30 56 28

31-40 18 10

41-50 34 14

51-60 29 13

+60 years old 09 11

Marital status 0.003

Single 46 41

Married 89 29

Widower 11 06

Residence <0.001

Urban 60 51

Rural 86 25

Economic level 0.374

Down 46 25

Medium 96 46

Raised 04 5

COVID-19 in the population 1.000

Contact case 48 25

Positive case 98 51

Breakdown of the population according to social coverage <0.001

Yes

No

Accessibility to primary healthcare 1.200

Easy access 19 32

Medium access 25 19

Difficult access 102 25

Level of education 0.350

No education 38 20

Primary 26 14

Secondary 22 18

University 60 24

Knowledge about COVID-19 0.003

Yes 140 64

No 06 12
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Figure 2. The percentage of medicinal and aromatic plants most used by participants during the COVID-19 pandemic.
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Figure 3. Distribution of plant families and their species used by participants during COVID-19.
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Figure 4. Symptoms for which medicinal and aromatic plants are used.

https://jppres.com J Pharm Pharmacogn Res (2023) 11(3): 461


https://jppres.com/

Flouchi et al.

https://j

Taza traditional medicine against COVID-19

70%
61.90%
60%
50%
40% 33.33% 33.33%
30% 23.80%  23.80%
19.04%
20% 14.28%
9.52% 9.52%
10% 476%  4.76%
0%
Figure 5. Side effects noticed by the participants following the consumption of the plants.
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Figure 6. Frequency of different plant parts used by the Taza population.
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Figure 7. Source of traditional knowledge for the studied population.
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Table 3. Characteristics of the aromatic and medicinal plants frequently used by local population of Taza during COVID-19.

Vernacular i
Family Scientific name Active compounds Used part Preparation RFC FUvV Rout.e Pf . Traditional uses References
name method administration
Amaranthaceae 0.03
Dyspharnia 5 )i Ascoridol, aritasone, L- Leaves Maceration, 0.03 Inhalation, oral Gastrointestinal disorders, El Hachlafi
ambrosioides (L.) Mkhinza pinocarvone and terpene fumigation typhoid fever, dysentery, etal, 2021
Mosyakin & Clemants carbides mouth abscesses, fever
ulcerations
Asteraceae 0.02
Anthemis arvensis L. sl Polyphenolics: phenolic Flowers Infusion 0.01 Oral Weakness, disinfectant, Senouci et
Babonj acids, flavonoids, al., 2019
polyacetylene derivatives,
coumarins, phenolic
compounds
Artemisia herba-alba il Essential oil, flavonoids, Leaves Infusion and 0.03 Oral Digestive disorders Benkhaira
Asso. Chih sesquiterpene lactones, decoction etal,
coumarins, acetylenic 2021b
hydrocarbons, proteins,
fats, carbohydrate
monoterpenes, potassium
salts and santonin
Caryophyllaceae 0.04
Telephium imperatiL. 3¢ Roots Decoction 0.04 Inhalation Fever, asthenia ElHachlafi
Sarghina etal., 2021
Cupressaceae 0.01
Teletraclinis e Leaves, stems Fumigation 0.01 Inhalation Cough, flu, lung disease,
articulata (Vahl) Mast.  praar rheumatism
https://jppres.com J Pharm Pharmacogn Res (2023) 11(3): 463


https://jppres.com/

Flouchi et al.

Taza traditional medicine against COVID-19

Table 3. Characteristics of the aromatic and medicinal plants frequently used by local population of Taza during COVID-19 (continued...)

Vernacular i
Family Scientific name Active compounds Used part Preparation RFC FUV Rout_e .o f . Traditional uses References
name method administration
Lamiaceae 0.07
Calamintha officinalis aala Pulegone, menthone, Aerial part Infusion 0.03 Inhalation Antispasmodic Salhietal.,
Mill. Mentha caffeic acid, phenols, 2010
labiatic acid, chlorogenic
acid
Lavandula officinalis ERVE™ Phenol acids, linalool, Flowers Infusion and 0.02 Oral Narcotic, digestive disorders, Eddouks et
L. Khzama geraniol, perillic alcohol, decoction respiratory disorders, al., 2002
coumarin, umbelliferone, antispasmodic
tannins, esters, oxides,
ketones, aldehydes.
Mentha pulegium L. suld Menthol Leaves, flowers Infusion 0.2 Oral Headaches, respiratory El Hachlafi
Flio infections etal., 2020
Mentha rotundifolia L. s ilie Pulegone, piperitone or Aerial part Infusion 0.01 Oral Flu, rheumatism, genitalia El Hachlafi
Mchachtro piperitone and piperitenon etal., 2020
oxide
Rosmarinus officinalis 3k Vitamin D, vitamin C, Leaves Infusion 0.03 Oral Diabetes, cough, rheumatism El Hachlafi
L. Azir aspartic acid, glutamic acid, etal., 2020
dietary fiber
Salvia officinalis L. Al Essential oil (including 50%  Leaves Infusion 0.03 Oral El Hachlafi
Salmiya thujone), diterpenes, etal., 2020
tannins, phenolic
compounds, mucilage,
estrogens, antioxidants,
vitamin K
Origanum Fe) Thymol and carvacrol Aerial parts, Infusion, 0.20 Oral Diabetes, digestive disorders, ~ Bouyahya
compactum Benth. Zaatar Leaves Maceration influenza etal., 2017
https://jppres.com J Pharm Pharmacogn Res (2023) 11(3): 464
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Table 3. Characteristics of the aromatic and medicinal plants frequently used by local population of Taza during COVID-19 (continued...)

Vernacular i
Family Scientific name Active compounds Used part Preparation RFC FUV Rout.e .o f . Traditional uses References
name method administration
Myrtaceae 0.17
Eucalyptus globulus o sills Essential oil, mainly Leaves Fumigation 0.26 Inhalation Flu, cold, sinusitis, fever Benkhaira
Labill. Calyptus contains cineol etal.,2021a
(eucalyptol), pinene,
terpineol, limonene; gallic
tannins; proanthocyanidins;
triterpenes; flavonoids
(derived from quercetol)
Syzygium aromaticum ~ Jii 8 15% essential oil and 70 to Flowers Maceration 0.08 Oral Antispasmodic, antibacterial El Hachlafi
(L.) Merr. & L.M.Perry Kranfal 90% eugenol, between 9 antiseptic etal., 2020
and 15% eugenol acetate,
between 5 and 12% beta-
caryophyllene and 2%
oleanic acid
Oleaceae 0.01
Olea europaea L. RES Y Oleuropein; triterpenes; Fruits, leaves, Infusion, 0.01 Oral Cough, cold El Hachlafi
Awrak flavonoids; phenolic acids essential oils Maceration etal,, 2020
zitoune such as caffeic acid; tannins
Rutaceae 0.02
Citrus limon (L.) Burm.  Osed Citric acid, flavonoids, Fruits Infusion 0.02 Inhalation, oral Anti-allergic, anti- Otero et al.,
f. Limon limonoids, Vitamin C, inflammatory 2000
Vitamin B (especially B1, B2,
B6, B9) and E, Beta-
carotene.
Verbenaceae 0.06
Aloysia citrodora 8350 dominated by citral (35%), Leaves Infusion and 0.06 Oral Promotes digestion, reduces Bouayyadi
Palau. Louiza accompanied by limonene, decoction stress and anxiety, soothes etal., 2015

linalool, terpineol, cineole
and caryophyllene

sleep

RFC: Relative frequency citation; FUV: Family Use Value.
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Table 4. Model for extracting the rule of association between the satisfaction of the studied population and the different variables of the study.

Antecedent

Antecedents Consequents support Consequent support Support Confidence Lift Leverage Conviction
{’PC’, "KAE", 'W’, 'R", "AAE"}) ({satisfaction}) 0.427928 0.599099 0.427928 1 1.669173 0.171557 inf
({’PC’,'DT+5days’, "KAE", "AHC’, "AAE"}) ({satisfaction}) 0.432432 0.599099 0.400901 0.927083 1.547462 0.141831 5.498069498
({'PC’,’DT+5days’, "AEL","KAE", "W’, "AAE"}) ({satisfaction}) 0.463964 0.599099 0.463964 1 1.669173 0.186004 inf
({’PC’,'DT+5days’, 'AEL", "AHC’, "AAE"}) ({satisfaction}) 0.432432 0.599099 0.400901 0.927083 1.547462 0.141831 5.498069498
({’PC’,'DT+5days”, "AEL’, "KAE’, "AHC’, "AAE"}) ({satisfaction}) 0.432432 0.599099 0.400901 0.927083 1.547462 0.141831 5.498069498
({’PC’,'DT+5days ", 'AEL’, "KAE’, "AHC"}) ({satisfaction}) 0.432432 0.599099 0.400901 0.927083 1.547462 0.141831 5.498069498
({'PC’,'DT+5days’, 'AEL’, '"KAE’", "AAE"}) ({satisfaction}) 0.504505 0.599099 0.472973 0.9375 1.56485 0.170725 6.414414414
({’PC’,'DT+5days ", "AEL’, "KAE", "W’, "AAE"}) ({satisfaction}) 0.463964 0.599099 0.463964 1 1.669173 0.186004 inf
({’PC’,'DT+5days’, ‘AEL", "KAE", "W’} ({satisfaction}) 0.463964 0.599099 0.463964 1 1.669173 0.186004 inf

({’PC’, "AEL", "KAE", "W’, 'R’, "AAE"}) ({satisfaction}) 0.427928 0.599099 0.427928 1 1.669173 0.171557 inf

{’PC’, 'AEL", "KAE’, "AHC", "AAE"}) ({satisfaction}) 0.432432 0.599099 0.400901 0.927083 1.547462 0.141831 5.498069498
({’PC’, "AEL",'KAE’, "W’, ‘R", "AAE"}) ({satisfaction}) 0.427928 0.599099 0.427928 1 1.669173 0.171557 inf

({’PC’, "AEL", "KAE", 'W’, 'R’} ({satisfaction}) 0.427928 0.599099 0.427928 1 1.669173 0.171557 inf

({’PC’, "AEL’, "KAE", 'R’, "AAE"}) ({satisfaction}) 0.436937 0.599099 0.436937 1 1.669173 0.175168 inf
({'DT+5days’, “AEL’, '"KAE", "AHC’, "AAE"}) ({satisfaction}) 0.432432 0.599099 0.400901 0.927083 1.547462 0.141831 5.498069498

PC: Positive Case; W: women; DT + 5 days: duration of use of plants more than 5 days; KAE: knowledge of adverse effects; AHC: difficult access to health care; AEL: average economic level; AHC: access to health care; AAE: appearance of adverse effects.
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DISCUSSION

This report, to the best of our knowledge, is the
first study carried out in the Taza region (Morocco) to
identify the plants used during the COVID-19 pan-
demic by the confirmed positive persons and their
contacts. Indeed, the use of MAPs to prevent and treat
COVID-19 seems to be used currently worldwide.
Thus, several MAPs have been shown to be effective
in alleviating or treating severe symptoms of COVID-
19, in the absence of an effective treatment, and more
governments are formally or informally advocating
for their use to prevent and treat COVID-19, mainly
due to their effectiveness in relieving this disease’
symptoms, especially the respiratory ones (Ghali et
al., 2021). The use of MAPs during the pandemic may
differ according to the geography, culture, and reli-
gion of each region (Paudyal et al., 2022).

During this study, the cases confirmed COVID-19
positive represented 67% of respondents against 33%
of contact cases, and the age group below 30 years
represents the most important population (38%) that
participated in this study. These findings diverge
from those reported by national and international
ethnobotanical investigations that demonstrated that
older generations have a significant understanding
about the use of aromatic and medicinal plants and
their benefits in folk medicine (Benkhnigue et al.,
2022; El Hachlafi et al., 2022; Igbal et al., 2021; Lee et
al., 2019).

Moreover, females represented 63% and males
37%, while the questionnaire was distributed equally
in urban and rural areas (n = 111) to know the most
used MAPs in such environments well. This observa-
tion could be explained by the fact that women are
more familiar with folk medicine than men are, since
they typically care for their families using traditional
remedies based on medicinal plants. As evidenced in
the literature, these results are supported by several
studies carried out on a regional and national scale in
Morocco (Bouyahya et al, 2017, Benkhaira et al,
2021a; 2021b, El Hachlafi et al., 2020; Chaachouay et
al., 2019).

Regarding the use of plants during the pandemic,
66% of respondents (n = 146) used plants to treat and
relieve the COVID-19 symptoms, against 34% (n = 76)
who were confined to the drug’s use. This significant
number of MAPs users is justified by the lack of an
effective treatment for COVID-19. Moreover, the age
group below 30 years was the most users of plants
during the period of the pandemic, while older adults
represented the lowest rate, which is consistent with
the findings of Helali et al. (2020) and Brahmi et al.
(2022).

https://jppres.com
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According to Table 2, a significant relationship ex-
ists between the use of MAPs and gender, which was
similar to other studies that reported a greater ten-
dency for women to consume herbal medicines than
men (De las Mercedes Rodriguez, 2012; Villena-
Tejada et al., 2021). In addition, 53% of the respond-
ents were married, 39% were single, and 8% were
widowed.

Similarly, there is a highly significant relationship
between the use of MAP and social security coverage,
which is justified on the one hand by the increase in
the number of admissions by COVID-19 in health
facilities and on the other hand by the lack of an effec-
tive drug against SARS-COV2. In parallel, there is a
significant relationship between the use of MAP and
knowledge about COVID-19, which is due to media
campaigns and the intervention of local authorities to
define the disease and its symptoms, its mode of
propagation, and the means of prevention.

Regarding the economic level of participants in the
present study, the average level was the most repre-
sented 64% (n = 142) and the most users of the MAPs
(n = 96), which may justify that the majority of the
population in Taza province and elsewhere the most
active one has an average economic level. These re-
sults are in accordance with those of Benkhaira et al.
(2021a) and Bouyahya et al. (2017) and may be eluci-
dated by the high cost of conventional medications,
creating an obstacle to access and driving people to
seek herbal remedjies.

The population with difficult access to health facil-
ities represents 57% (n = 127) of respondents and also
represents the largest proportion of MAP users (n =
102). This can be justified by many participants from
the rural population (n = 111), who sometimes sulffer,
particularly in certain localities, from the inaccessibil-
ity of health facilities. The large use of PAMs mostly
by the rural population, could be due to the richness
of the rural environment of the Taza province in me-
dicinal plants (Khabbach et al., 2012).

For the level of education, 38% of the respondents
(n = 84) have a university level, and 60 of them used
the MAPs. This result is concordant with other ethno-
botanical studies that find that most herbal medicine
users belong to a high academic level (Hamdani and
Houari, 2020; Helali et al., 2020). Moreover, it could
be justified in this case by the high rate of the popula-
tion having less than 30 years old.

The present study revealed a total of 17 species be-
longing to 9 botanical families that were commonly
used by the respondents in the prevention and treat-
ment of COVID-19. The most represented family, in
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terms of the number of species, was that of Lamiaceae
(7 species), followed by Asteraceae and Myrtaceae (2
species), and the other families represented only one
species (Table 3). These results are similar to those of
other studies conducted both at national and interna-
tional scales (Belmouhoub et al., 2021; Chaachouay et
al., 2021; El Alami et al., 2020; Hussain et al., 2022).

The most used species in this study were Eucalyp-
tus globulus (RFC = 0.26), followed by Organium com-
pactum and Mentha pulegium (RFC = 0.20), Syzygium
aromaticum (PFC = 0.08), then Rosmarinus officinalis
(REC = 0. 03). It has been reported in several studies
that Eucalyptus globulus is an effective antiviral agent
against Coronavirus, especially COVID-19, thanks to
its essential oil which has bronchodilator properties
that improve the functioning of the respiratory tract,
and to its eucalyptol content, which consists of ether
(-O), ketone (=O) and hydroxyl (-OH) groups that
play the main inhibitory role against SARS-CoV-2
(Flouchi and Fikri-Benbrahim, 2020; Jahan and Ah-
met, 2020; Sharma and Kaur, 2020).

Similarly, Origanum compactum contains among
the main components of its essential oil a-pinene,
thymol, carvacol, and eucalyptol (1,8-cineole). More-
over, Origanum compactum has been known since an-
cient times for its traditional uses by the Moroccan
population, especially in hot dishes and drinks, and
as a natural treatment against cough, bronchitis, and
inflammation (Flouchi et al., 2020).

Mentha pulegium also possesses a wide range of bi-
oactive molecules from which the main compound of
its essential oil is pulegone which is an effective anti-
viral agent with the potential to inhibit SARS-CoV-2
(Ghanimi et al., 2022; Mechchate et al., 2022).

For Syzygium aromaticum, its therapeutic use has
long been known in traditional medicine to treat res-
piratory ailments, and its activity against different
types of viruses has been experimentally proven, as
well as its anti-inflammatory, immunostimulant, and
antithrombotic action, thanks to its phytochemical
constituents that have notably given remarkable ef-
fects in the fight against the disease COVID-19 (Vi-
cidomini et al., 2021).

Concerning the used parts of medicinal plants in
this study, leaves were reported as the most used part
according to the responses of the population (92.60%),
followed by the whole plant (27.90%), flowers (27%),
fruits (20.50%), roots (14.90%) and seeds (12.60%) (Fig
6). The frequent use of leaves is due to the simplicity
of harvesting and the stored metabolites responsible
for the species' biological activities (Benkhaira et al.,
2021a). Moreover, Sbai-Jouilil et al. (2017) reported
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that the leaves were the most used to relieve and treat
respiratory disorders.

For the methods of preparation of plants according
to the responses of respondents, different modes of
preparation are used to facilitate benefit from the
active principles of medicinal and aromatic plants.
Hence, the infusion was the method most used by
respondents against COVID-19 (65.70%), followed by
decoction (56.50%), maceration (14.80%), and other
methods (9.30%). These results are in agreement with
other ethnobotanical surveys of MAPs (Benkhaira et
al., 2021b; Chaachouay et al., 2019).

Among the undesirable effects of using medicinal
plants known and encountered by the respondents
were diarrhea, digestive disorders, and other respira-
tory symptoms (Fig 5). The population recognizes
such symptoms through the experiences of using
plants and the knowledge of family members of the
side effects of certain medicinal plants, which agrees
with the results found by Alkhamaiseh and Aljofan
(2020).

To the best of our knowledge, this work presents
the first study that brings together the association rule
approach, which is a method of artificial intelligence,
to study the relationship between the satisfaction of
the studied population and the use of medicinal
plants. A significant association of 100% was found
between participants' satisfaction and some variables
mentioned in Table 4, such as positive case, women,
duration of use of plants more than five days,
knowledge of adverse effects, and appearance of ad-
verse effects. This can be justified by the absence of a
specific treatment for COVID-19, and the specificity of
the province of Taza in the use of aromatic and me-
dicinal plants inherited since antiquity to relieve res-
piratory symptoms on the one hand, and the over-
crowding of serious cases in health establishments on
the other hand, which prompted respondents to the
early use of plants to relieve and treat serious symp-
toms of COVID-19.

CONCLUSION

This work is the first carried out in the Taza (Mo-
rocco) province to determine ethnopharmacological
knowledge of aromatic and medicinal plants used by
confirmed patients infected with the Coronavirus and
their contacts. In general, 222 patients split evenly
between urban and rural settings participated in this
study, and the socioeconomic, cultural, and demo-
graphic factors of this population participating in the
study were determined. The results showed the fre-
quent use of aromatic and medicinal plants during
COVID-19 to relieve and treat symptoms. A total of
17 species belonging to 09 botanical families were
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used by participants to treat and prevent symptoms
of COVID-19 in the Taza region. Lamiaceae is the most
dominant family; Eucalyptus globulus, Origanum com-
pactum, Mentha pulegium, and Syzygium aromaticum
were the species most consumed by the respondents.
The plants” leaves were the most used part, and the
infusion was the most applied method for preparing
plants. According to the application of the rule of
association between the satisfaction of the partici-
pants and the different variables studied, a great satis-
faction of the cases confirmed positive by Coronavirus
has been reported, in particular women and the popu-
lation of rural areas, by the use of medicinal plants to
relieve, prevent and treat symptoms of COVID-19. It
is important to note that this is the first time an artifi-
cial intelligence method has been used to analyze the
results of an ethnobotanical/ethnopharmacological
survey. Finally, this study represents a database for
carrying out other ethnobotanical and experimental
studies, especially pharmacological, phytochemical,
and toxicological studies, to identify and determine
effective antiviral molecules against the Coronavirus.

CONFLICT OF INTEREST

The authors declare no conflicts of interest.

ACKNOWLEDGMENTS

Authors wish to express their sincere thanks to all re-
spondents who participated in this survey. Authors are also
grateful to all those who contributed to the realization of
this work. This research did not receive any specific grant
from funding agencies in the public, commercial, or not-for-
profit sectors.

REFERENCES

Agrawal R, Imieliiski T, Swami A (1993) Mining association rules
between sets of items in large databases. ACM SIGMOD
Record 22(2): 207-216. https:/ /doi.org/10.1145/170036.170072

Alkhamaiseh SI, Aljofan M (2020) Prevalence of use and reported
side effects of herbal medicine among adults in Saudi Arabia.
Complement Ther Med 48: 102255.
https:/ /doi.org/10.1016 /i.ctim.2019.102255

Balmond L (2021) La sécurité sanitaire internationale face a la
pandémie de la Covid-19. Paix et sécurité européenne et
internationale. A paraitre. hal-03300110v2.

Bary K, El Amraoui B (2020) Moroccan traditional medicine for the
prevention and relief of corona virus COVID-19 symptomes. ]
Appl Sci Envir Stud 3(4): 199-208.
https://doi.org/10.48393 /IMIST.PRSM/ jases-v3i4.22448

Belmouhoub M, Aberkane B, Bachir-Bey M (2021)
Ethnopharmacological survey on medicinal plants used by
Algerian population to prevent SARS-CoV-2 infection.
Ethnobot Res Appl 22: 38.
http:/ /dx.doi.org/10.32859/ era.22.38.1-13

Benkhaira N, Ech-Chibani N, Fikri-Benbrahim K (2021b)
Ethnobotanical survey on the medicinal usage of two common
medicinal plants in Taounate Region: Artemisia herba-alba Asso
and Ormenis mixta (L.) Dumort. Ethnobot Res Appl 22: 48.
http:/ /dx.doi.org/10.32859/era.22.48.1-19

https://jppres.com

Taza traditional medicine against COVID-19

Benkhaira N, Koraichi SI, Fikri-Benbrahim K (2021a)
Ethnobotanical survey on plants used by traditional healers to
fight against COVID-19 in Fez city, Northern Morocco.
Ethnobot Res Appl 21: 27.
http:/ /dx.doi.org/10.32859/era.21.27.1-18

Benkhnigue O, Chaachouay N, Khamar H, El Azzouzi F, Douira A,
Zidane L (2022) Ethnobotanical and ethnopharmacological
study of medicinal plants used in the treatment of anemia in
the region of Haouz-Rehamna (Morocco). ] Pharm
Pharmacogn Res 10(2): 279-302.
https:/ /doi.org/10.56499/ippres21.1196_10.2.279

Bouayyadi L, El Hafian M, Zidane L (2015) Etude floristique et
ethnobotanique de la flore médicinale dans la région du
Gharb, Maroc. ] Appl Biosci 93:  8770-8788.
http:/ /dx.doi.org/10.4314/jab.v93i1.10

Bouyahya A, Abrini J, Et-Touys A, Bakri Y, Dakka N (2017)
Indigenous knowledge of the use of medicinal plants in the
North-West of Morocco and their biological activities. Eur |
Integrat Med 13: 9-25.
https:/ /doi.org/10.1016 /j.eujim.2017.06.004

Brahmi F, Iblhoulen Y, Issaadi H, Elsebai MF, Madani K,
Boulekbache-Makhlouf L (2022) Ethnobotanical survey of
medicinal plants of Bejaia localities from Algeria to prevent
and treat coronavirus COVID-19 infection shortened title:
phytomedicine to manage COVID-19 pandemic. Adv Tradit
Med https://doi.org/10.1007/s13596-022-00649-z

Chaachouay N, Benkhnigue O, Fadli M, El Ibaoui H, Zidane L
(2019) Ethnobotanical and ethnopharmacological studies of
medicinal and aromatic plants used in the treatment of
metabolic diseases in the Moroccan Rif. Heliyon 5(10): €02191.
https:/ /doi.org/10.1016 /i.heliyon.2019.e02191

Chaachouay N, Douira A, Zidane L (2021) COVID-19, prevention
and treatment with herbal medicine in the herbal markets of
Salé Prefecture, North-Western Morocco. Eur ] Integrat Med
42:101285. https:/ /doi.org/10.1016 /.eujim.2021.101285

Chali BU, Melaku T, Berhanu N, Mengistu B, Milkessa G, Mamo G,
Alemu S, Mulugeta T (2021) Traditional medicine practice in
the context of COVID-19 pandemic: Community claim in
Jimma zone, Oromia, Ethiopia. Infect Drug Resist 14: 3773.
https://doi.org/10.2147 /IDR.S331434

De las Mercedes Rodriguez L (2012) De enfermedades y remedios:
La transmisién oral del uso doméstico de plantas con fines
medicinales en Campeche, México. Apuntes 25(1): 62-71.

Eddouks M, Maghrani M, Lemhadri A, Ouahidi M, Jouad H (2002)
Ethnopharmacological survey of medicinal plants used for the
treatment of diabetes mellitus, hypertension and cardiac
diseases in the south-east region of Morocco (Tafilalet). J
Ethnopharmacol 82(2-3): 97-103.
https://doi.org/10.1016 /S0378-8741(02)00164-2

El Alami A, Fattah A, Chait A (2020) Medicinal plants used for the
prevention purposes during the covid-19 pandemic in
Morocco. ] Anal Sci  Appl Biotechnol 2(1): 4-11.
https://doi.org/10.48402/IMIST.PRSM/jasab-v2i1.21056

El Hachlafi N, Benkhaira N, Ferioun M, Kandsi F, Jeddi M, Chebat
A, Addi M, Hano C, Fikri-Benbrahim K (2022) Moroccan
medicinal plants used to treat cancer: Ethnomedicinal study
and insights into pharmacological evidence. Evid Based
Complement Alternat Med 2022: 1645265.
https://doi.org/10.1155/2022/1645265

El Hachlafi N, Chebat A, Bencheikh RS, Fikri-Benbrahim K (2020)
Ethnopharmacological study of medicinal plants used for
chronic diseases treatment in Rabat-Sale-Kenitra region

Morocco. Ethnobot Res Appl 20: 2.
https:/ /doi.org/10.32859/era.20.2.1-23
Hachlafi N, Chebat A, Fikri-Benbrahim K (2021)

Ethnopharmacology, phytochemistry, and pharmacological
properties of Thymus satureioides Coss. Evid Based

J Pharm Pharmacogn Res (2023) 11(3): 469


https://jppres.com/
https://doi.org/10.1145/170036.170072
https://doi.org/10.1016/j.ctim.2019.102255
https://doi.org/10.48393/IMIST.PRSM/jases-v3i4.22448
http://dx.doi.org/10.32859/era.22.38.1-13
http://dx.doi.org/10.32859/era.22.48.1-19
http://dx.doi.org/10.32859/era.21.27.1-18
https://doi.org/10.56499/jppres21.1196_10.2.279
http://dx.doi.org/10.4314/jab.v93i1.10
https://doi.org/10.1016/j.eujim.2017.06.004
https://doi.org/10.1007/s13596-022-00649-z
https://doi.org/10.1016/j.heliyon.2019.e02191
https://doi.org/10.1016/j.eujim.2021.101285
https://doi.org/10.2147/IDR.S331434
https://doi.org/10.1016/S0378-8741(02)00164-2
https://doi.org/10.48402/IMIST.PRSM/jasab-v2i1.21056
https://doi.org/10.1155/2022/1645265
https://doi.org/10.32859/era.20.2.1-23

Flouchi et al.

Complement Alternat Med 2021: 6673838.

https:/ /doi.org/10.1155/2021 /6673838

Flouchi R, Elmniai A, El Far M, Touzani I, El Hachlafi N, Fikri-
Benbrahim K (2021) Microbiological monitoring of the
environment using the “Association Rules” approach and
disinfection procedure evaluation in a hospital center in
Morocco. ] Environ Public Health 2021: 7682042.
https:/ /doi.org/10.1155/2021 /7682042

Flouchi R, Fikri-Benbrahim K (2020) Prevention of COVID 19 by
aromatic and medicinal plants: A systematic review. ] Pharm
Sci Res 12(8): 1106-1111.

Ghali H, Ben Cheikh A, Bhiri S, Khefacha S, Latiri H, Ben Rejeb M
(2021) Trends of healthcare-associated infections in a Tunisian
university hospital and impact of COVID-19 pandemic.
Inquiry 58: 469580211067930.
https:/ /doi.org/10.1177 /00469580211067930

Ghanimi R, Ouhammou A, El Atki Y, Cherkaoui M (2022)
Molecular docking study of the main phytochemicals of some
medicinal plants used against COVID-19 by the rural
population of Al-Haouz region, Morocco. ] Pharm
Pharmacogn Res 10(2): 227-238.
https:/ /doi.org/10.56499/jppres21.1200_10.2.227

Hamdani FZ, Houari N (2020) Phytotherapy of Covid-19. A study
based on a survey in North Algeria. Phytotherapie 18(5): 248-
254. https:/ /doi.org/10.3166/ phyto-2020-0241

Helali A, Mokhtari, C, Ghoul M, Belhadef MS (2020) Prevent
COVID-19 infection: What place for medicinal plants
according to the Algerian population? [French]. Alger ] Pharm
3(1): 2602-795X.

Hussain S, Hussain W, Nawaz A, Badshah L, Ali A, Ullah S, Ali M,
Hussain H, Bussmann RW (2022) Quantitative ethnomedicinal
study of indigenous knowledge on medicinal plants used by
the tribal communities of Central Kurram, Khyber
Pakhtunkhwa, Pakistan. Ethnobot Res Appl 23: 5.
http:/ /dx.doi.org/10.32859/era.23.5.1-31

Igbal MS, Ahmad KS, Ali MA, Akbar M, Mehmood A, Nawaz F,
Hussain SA, Arshad N, Munir S, Arshad H, Shahbaz K,
Bussmann RW (2021) An ethnobotanical study of wetland
flora of Head Maralla Punjab Pakistan. PloS One 16(10):
e0258167. https:/ /doi.org/10.1371/journal.pone.0258167

Jahan I, Ahmet O (2020) Potentials of plant-based substance to
inhabit and probable cure for the COVID-19. Turkish ] Biol
44(7): 228-241. http:/ /dx.doi.org/10.3906 / biy-2005-114

Jaouad EB, Chouitar M, Bouberria A (2020) Territorial governance
rehabilitation of old cities: Taza city example. ] Human Social
Sci 4(3): 113-128. https:/ /doi.org/10.26389/ AJSRP.J101219

Khabbach A, Libiad M, Ennabili A, Bousta D (2012) Medicinal and
cosmetic use of plants from the province of Taza, Northern
Morocco. Bol Latinoam Caribe Plantas Med Aromat 11(1): 46-
60.

Lee C, Kim SY, Eum S, Paik JH, Bach TT, Darshetkar AM,
Choudhary RK, Hai DV, Quang BH, Thanh NT, Choi S (2019)
Ethnobotanical study on medicinal plants used by local Van
Kieu ethnic people of Bac Huong Hoa nature reserve,
Vietnam. ] Ethnopharmacol 231: 283-294.
https:/ /doi.org/10.1016/].jep.2018.11.006

Luo CH, Ma LL, Liu HM, Liao W, Xu RC, Ci ZM, Lin JZ, Han L,
Zhang DK (2020) Research progress on main symptoms of
novel coronavirus pneumonia improved by traditional
Chinese  medicine. ~ Front Pharmacol 11:  556885.
https:/ /doi.org/10.3389/fphar.2020.556885

Mechchate H, El Allam A, El Omari N, El Hachlafi N, Shariati MA,
Wilairatana P, Mubarak MS, Bouyahya A (2022) Vegetables

and their bioactive compounds as anti-aging drugs. Molecules
27(7): 2316. https:/ /doi.org/10.3390/ molecules27072316

https://jppres.com

Taza traditional medicine against COVID-19

Mintah SO, Asafo-Agyei T, Archer MA, Junior PA, Boamah D,
Kumadoh D, Appiah A, Ocloo A, Boakye YD, Agyare C (2019)
Medicinal plants for treatment of prevalent diseases.
Pharmacognosy-Medicinal Plants. IntechOpen.
https:/ /doi.org/10.5772 /intechopen.82049

Mrabti HN, Doudach L, Mekkaoui M, Khalil Z, Harraqui K, Fozia
F, Naceiri Mrabti N, El-Shazly M, Alotaibi A, Ullah R, Faouzi
MEA, Bouyahya A (2022) Profile of medicinal plants
traditionally used for the treatment of skin burns. Evid Based
Complement Alternat Med 2022: 3436665.
https:/ /doi.org/10.1155/2022 /3436665

Otero R, Nufiez V, Barona ], Fonnegra R, Jiménez SL, Osorio RG,
Saldarriaga M, Diaz A (2000) Snakebites and ethnobotany in
the northwest region of Colombia: Part III: Neutralization of
the haemorrhagic effect of Bothrops atrox venom. ]
Ethnopharmacol 731(2): 233-241.
https://doi.org/10.1016 /s0378-8741(00)00321-4

Paudyal V, Sun S, Hussain R, Abutaleb MH, Hedima EW (2022)
Complementary and alternative medicines use in COVID-19:
A global perspective on practice, policy and research. Res
Social Adm Pharm 183: 2524-2528.
https:/ /doi.org/10.1016 /i.sapharm.2021.05.004

Phumthum M, Nguanchoo V, Balslev H (2021) Medicinal plants
used for treating mild Covid-19 symptoms among Thai Karen
and Hmong. Front Pharmacol 12: 699897.
https:/ /doi.org/10.3389/fphar.2021.699897

Regional Health Directorate Fez-Meknes (2022) Minister of Health
in Morocco.
https:/ /www.sante.gov.ma/Publications/Bullten_pidmiologi
que [Consulted January 16, 2022].

Rezouki S, Allali A, Eloutassi N, Fadli M (2020) Biotechnological
valorization of aromatic plants in Morocco: Impact of
extraction methods on the yield and chemical composition of
Origanum compactum Benth. of Taounate (Northern Morocco).
Plant Cell Biotechnol Mol Biol 21: 61-62.

Salhi S, Fadli M, Zidane L, Douira A (2010) Floristic and
ethnobotanical study of medicinal plants of Kénitra Maroc.
Lazaroa 31: 133-146.

Sbai-Jouilil H, Fadli A, El Hafian M, El Ayad R, Benharbit O,
Zidane L (2017) Floristic and ethnobotanical study of
medicinal plants used in the treatment of respiratory diseases
in Seksaoua region western high Moroccan atlas. Ann Res Rev
Biol 17(6): 1-10. https://doi.org/10.9734/ ARRB/2017 /36526

Senouci F, Ababou A, Chouieb M (2019) Ethnobotanical survey of
the medicinal plants used in the Southern Mediterranean.
Case study: the region of Bissa Northeastern Dahra Mountains
Algeria. Pharmacogn J 11(4): 647-659.
https:/ /doi.org/10.5530/1j.2019.11.103

Sharma AD, Kaur I (2020) Jensenone from eucalyptus essential oil
as a potential inhibitor of COVID 19 corona virus infection.
Res Rev Biotechnol Biosci 7(1): 59-66.
https:/ /doi.org/10.5281/zenodo.3748477

Silveira D, Prieto-Garcia JM, Boylan F, Estrada O, Fonseca-Bazzo
YM, Jamal CM, Magalhdes PO, Pereira EO, Tomczyk M,
Heinrich M (2020) COVID-19: is there evidence for the use of
herbal medicines as adjuvant symptomatic therapy? Front
Pharmacol 11: 581840.
https:/ /doi.org/10.3389/fphar.2020.581840

Sreekeesoon DP, Mahomoodally MF (2014) Ethnopharmacological
analysis of medicinal plants and animals used in the treatment
and management of pain in Mauritius. ] Ethnopharmacol 157:
181-200. https:/ /doi.org/10.1016/j.jep.2014.09.030

Tardio J, Pardo-de-Santayana M (2008) Cultural importance indices:
a comparative analysis based on the useful wild plants of
Southern Cantabria (Northern Spain). Econ Bot 62(1):24-39.
https:/ /doi.org/10.1007 /s12231-007-9004-5

J Pharm Pharmacogn Res (2023) 11(3): 470


https://jppres.com/
https://doi.org/10.1155/2021/6673838
https://doi.org/10.1155/2021/7682042
https://doi.org/10.1177/00469580211067930
https://doi.org/10.56499/jppres21.1200_10.2.227
https://doi.org/10.3166/phyto-2020-0241
http://dx.doi.org/10.32859/era.23.5.1-31
https://doi.org/10.1371/journal.pone.0258167
http://dx.doi.org/10.3906/biy-2005-114
https://doi.org/10.26389/AJSRP.J101219
https://doi.org/10.1016/j.jep.2018.11.006
https://doi.org/10.3389/fphar.2020.556885
https://doi.org/10.3390/molecules27072316
https://doi.org/10.5772/intechopen.82049
https://doi.org/10.1155/2022/3436665
https://doi.org/10.1016/s0378-8741(00)00321-4
https://doi.org/10.1016/j.sapharm.2021.05.004
https://doi.org/10.3389/fphar.2021.699897
https://www.sante.gov.ma/Publications/Bullten_pidmiologique
https://www.sante.gov.ma/Publications/Bullten_pidmiologique
https://doi.org/10.9734/ARRB/2017/36526
https://doi.org/10.5530/pj.2019.11.103
https://doi.org/10.48550/arXiv.2004.00217
https://doi.org/10.3389/fphar.2020.581840
https://doi.org/10.1016/j.jep.2014.09.030
https://doi.org/10.1007/s12231-007-9004-5

Flouchi et al.

Vicidomini C, Roviello V, Roviello GN (2021) Molecular basis of the
therapeutical potential of clove Syzygium aromaticum L. and
clues to its anti-COVID-19 utility. Molecules 26(7): 1880.
https:/ /doi.org/10.3390 / molecules26071880

Villena-Tejada M, Vera-Ferchau I, Cardona-Rivero A, Zamalloa-
Cornejo R, Quispe-Florez M, Frisancho-Trivefio Z Abarca-

Taza traditional medicine against COVID-19

Meléndez RC, Alvarez-Sucari SG, Mejia CR, Yahez JA (2021)
Use of medicinal plants for COVID-19 prevention and
respiratory symptom treatment during the pandemic in
Cusco, Peru: A cross-sectional survey. PloS One 16(9):
e0257165. https:/ /doi.org/10.1371 /journal.pone.0257165.

AUTHOR CONTRIBUTION:

Contribution FlouchiR ElFarM ElAtrache NR ElKassmi S Ezzarouali Y Benkhaira N ElHachlafi N Fikri-Benbrahim K
Concepts or ideas X X X
Design X X X
Definition of intellectual content X X X
Literature search X X X X

Experimental studies X X X

Data acquisition X X X

Data analysis X X

Statistical analysis X

Manuscript preparation X X X X X X

Manuscript editing X X X
Manuscript review X X X X X X X X

Citation Format: Flouchi R, El Far M, El Atrache NE, El Kassmi S, Ezzarouali Y, Benkhaira N, El Hachlafi N, Fikri-Benbrahim K (2023) Ethnobotanical
survey on plants used during the COVID-19 pandemic in Taza (Morocco) and population satisfaction according to the "Rules of Association"
approach. J Pharm Pharmacogn Res 11(3): 455-472. https://doi.org/10.56499/jppres22.1552 11.3.455

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the
publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed

by the publisher.

Open Access: This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativecommons.org/ licenses/by/4.0/), which permits use,
duplication, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative

Commons license and indicate if changes were made.

https://jppres.com

J Pharm Pharmacogn Res (2023) 11(3): 471



https://jppres.com/
https://doi.org/10.3390/molecules26071880
https://doi.org/10.1371/journal.pone.0257165
https://doi.org/10.56499/jppres22.1552_11.3.455

Flouchi et al. Taza traditional medicine against COVID-19

Annex 1. Questionnaire relating to a study on the factors favoring the use of aromatic and medicinal plants during the COVID-19 pandemic used in
the present study.

The socio-demographic characteristics of the population surveyed:

- Age: /_/ (18-30yearsold), /_/(30-40 yearsold), /_/ (40-50 years old), /_/ (50-60 years old), /_/ over 60 years old.
- Gender: /_/Male /_/ Female

- Housing: /_/Rural /_/ Urban

- Academic level: /_/Unschooled /_/Primary /_/Secondary /_/ Bachelor /_/ University

- Marital status: /_/Married /_/Widower

- Economic level (income): /_/Low /_/Middle /_/High

- Social coverage: /_/Yes /_/ No

- Accessibility to primary health care: /_/ Easy access /_/ Moderate access /_/ Difficult access

- The time required to benefit from care: /_/ 10 mins /_/ 30 mins /_/ 1 hour /_/More than an hour.

Knowledge and attitudes on COVID-19 of the population surveyed
- Do you know about COVID-19? /_/Yes /_/ No
- If, Yes: have you contacted positive cases or you been contaminated with COVID-19:
/_/ Positive case /_/ Contact case
- Have you used: /_/Medicines /_/Herbal treatment

- What plants did you use during the COVID-19 pandemic?

The characteristics and nature of plants used during the COVID-19 pandemic by the population surveyed

- These plants are used for:  /_/Prevent /_/ Treat coronavirus disease

- For which signs you used these plants: /_/Cough /_/Fatigue /_/Fever /_/Sorethroat /_/Headache/_/ Respiratory distress /_/ Oth-
ers

- Which parts of the plants are used: /_/Leaves /_/Fruit /_/Seeds /_/Flowers  /_/Roots /_/Whole plant

- What are the preparation methods for these plants? /_/Maceration /_/ Decoction /_/ infusion/_/ others

- How to use these plants: /_/Infusion /_/inhalation /_/ other

- Duration of treatment withplants: .............................cols

- Plant treatment satisfaction rate: /_/ disappointed /_/unsatisfied /_/ satisfied /_/ Very satisfied

- The sources of the plants used: /_/cultivated /_/plantsHerbalists /_/Wild plants /_/ other

- Reasons for choosing herbal treatment: /_/Low economic /_/cost Efficiency /_/ Noside effects  /_/Easy access

- Sources of information and herbal recipes: /_/ The experiences of others /_/the know-how inherited from the ancestors:
/_/Social networks  /_/ scientific papers the media

- Do you know the possible adverse effects caused by the use of plants? /_/Yes /_/No
- Have you noticed any adverse effects or toxicity caused by the plants? /_/Yes /_/No

- If yes,whichones? ...............c.ooiiiiiiiiiiii e
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