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ABSTRACT
Objective: The aim of this study was to assess the knowledge and use of medicinal plants in the treatment of
neurological diseases in the Rif region of northern Morocco.
Methods: An ethnobotanical survey was carried out in the Rif (northern Morocco) from 2016 to 2018. In order to
gather information about indigenous medicinal plants and local ethnomedical knowledge, 625 local traditional
herbalists and users of these plants were interviewed. The data were collected through semistructured interviews and
group discussions, analyzed, and compared by quantitative ethnobotanical indices such as family importance value,
relative frequency of citation, plant part value (PPV), fidelity level, and informant consensus factor (ICF) .
Results: Data were collected from 31 medicinal plant species belonging to 14 botanical families. Asteraceae and
Lamiaceae were the most commonly reported medicinal plants, with 5 species each. Concerning the diseases treated,
epilepsy problems have the highest ICF (0.99). The survey revealed that leaves were the most used part of the plants
(PPV= 34.7%), and the most commonly used preparation was an infusion (41.6%).
Conclusion: There exists indigenous ethnomedical knowledge of medicinal plants in the Moroccan Rif to treat
neurologic diseases. Based on our findings, we recommend that phytochemical and pharmacologic research be
considered to discover potential treatments from these documented plants. (J Chiropr Med 2020;19;70-81)

Key Indexing Terms: Plants; Medicinal; Nervous System Diseases
TAGGEDH1INTRODUCTION TAGGEDEND

Humans have always used medicinal plants (MPs) to
treat themselves and fight diseases. In all ancient civiliza-
tions and on all continents, one finds traces of this use.1

Thus, even today, despite the progress of pharmacology,
the therapeutic use of plants is very present in some coun-
tries, especially developing ones.2

Neurologic diseases are strongly associated with the
activation of inflammatory pathways, and long-term use of
anti-inflammatory drugs reduces the risk of developing
these diseases. In S~ao Tom�e and Príncipe, several
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medicinal plants are used both for their positive effects in
the nervous system (treatment of mental disorders, analge-
sics) and for their anti-inflammatory properties.3

Morocco, by its biogeographical position, offers a very
rich ecological and floristic diversity constituting a true
plant genetic reserve, with about 4500 species belonging to
940 genera and 135 families; the mountainous regions of
the Rif and Atlas being the most important areas for ende-
mism.4 This biodiversity is characterized by a very marked
endemism5 that allows Morocco to occupy a privileged
place among the Mediterranean countries, with a long med-
ical tradition and traditional know-how based on medicinal
plants.6 Indeed, phytotherapy has always occupied an
important place in the traditions of medication in Morocco,
and the Rif region is a concrete example. Analysis of the
Moroccan medicinal bibliography shows that the data on
regional medicinal plants are very fragmentary and dis-
persed. The medicinal species counted do not exceed 600
or 14.28% of the total Moroccan flora.4 We believe that
this heritage of medicinal flora requires regular monitoring
and evaluation in terms of quality and quantity.

Accordingly, we chose to conduct this ethnobotanical
study in the Moroccan Rif, which has considerable litho-
logical, structural, biological, and floristic diversity because
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of its relief, topography, and geographic location. The
economy of the local people is mainly based on subsistence
agriculture, livestock, and to a lesser extent, forest resour-
ces. Traditional medicine is the first choice for health prob-
lems for this population, and traditional healers in this area
are reputed to have good knowledge on MPs and disease
treatment. The aim of this study was to assess the knowl-
edge and use of medicinal plants in the treatment of neuro-
logic diseases in the region of northern Morocco.
TAGGEDH1MATERIALS AND METHODS TAGGEDEND

Description of the Study Area
Tangier-Tetouan-Al Hoceima, which is one of the

twelve regions of Morocco established by the territorial
division of 2015, is part of the Rif region.7 This region is
limited to the north by the Strait of Gibraltar and the Medi-
terranean Sea, to the west by the Atlantic Ocean, to the
southwest by the Rabat-Sal�e-K�enitra region, to the south-
east by the F�es-Mekn�es region, and to the east by the Ori-
ental region, as shown in Figure 1.

According to the 2014 national census report,8 the total
area of study is about 11,570 km2, with a human popula-
tion of 3 549 512 and an average population density of
222.2 people/km2. The study area has a Mediterranean
climate, with a maximum temperature above 45°C during
summer (July and August) and below 0°C during winter
(December and January); annual rainfall is about
1000 mm.
Fig 1. Map of th
Ethics Approval and Consent to Participate
Before conducting interviews, informed consent was

obtained from all participants. This study was approved by
the Department of Biology, Faculty of Sciences, Ibn Tofail
University.
Methodology
Data Collection. In order to gather information on MPs

used for treating neurologic disorders, an ethnobotanical
survey was conducted from June 30, 2016, to June 1, 2018.
Interviews were administered as semistructured, and open-
ended interviews were conducted through face-to-face
interviews and focus groups. The inclusion criterion was
that individuals be qualified health care professionals, such
as pharmacists, herbalists, practitioners, and therapists; the
exclusion criterion was not living in the study area. In total,
625 informants aged 17 to 80 years were randomly selected
for interviews in the study area (at hospitals, pharmacies,
houses, mosques, and weekly markets). The health care
professionals were informed about the objective of this
study, and after signing a consent form, they were asked to
regularly collect and document indigenous knowledge of
plant usage in neurologic diseases. The questionnaire used
consists of 2 parts: the first part deals with the demographic
characteristics of the informants, and the second focuses on
the plants used in the treatment of the nervous system dis-
eases (Appendix A). The sample was made up of 321
women and 304 men from different socioeconomic strata,
chosen at random from the Rif’s population. It was
e study area.



Fig 2. Distribution of survey points at the study area level.
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developed using a stratified random sampling method to
conduct various surveys from site to site in the study area.9

According to this sampling method, we divided our study
area into 28 sites that correspond to the number of divisions
in the study area (Fig 2).

Plant Species Collection and Identification. Each plant used
by our informants was placed in the herbarium or in a plas-
tic bag with a label indicating its vernacular name. We pho-
tographed them and took samples for identification later at
the Resources and Biodiversity Laboratory, Department of
Biology, Faculty of Sciences, Ibn Tofail University, Keni-
tra, Morocco, using the following botanical works: The
Medicinal Plants of Morocco,10 Practical Flora of
Morocco,11 and Checklist of Vascular Plants of Northern
Morocco With Identification Keys, Volume 1.12
Data Analysis
The results of the ethnobotanical survey were analyzed

using the family importance value (FIV), relative frequency
of citation (RFC), plant part value (PPV), fidelity level
(FL), and informant consensus factor (ICF). All statistical
analyses were carried out with Statistical Package for
Social Science (SPSS), version 21, and Microsoft Excel
2010.

Family Importance Value. The FIV identifies the signifi-
cance of plant families. It is an index of cultural importance
which can be applied in ethnobotany to calculate the
value of a biological plant taxon. To calculate FIV, we use
the formula

FIV ¼ FCfamily

NS
;

where FCfamily = RFC is the number of informants mention-
ing the family and NS is the total number of species within
each family.13

Frequency of Citation and Relative Frequency of Citation.
RFC14 is obtained by dividing frequency of citation (FC)
by the total number of informants in the survey (N):

RFC ¼ FC
N

ð0<RFC< 1Þ:
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The RFC value for species of medicinal plants is
based on the citing percentage of informants for every spe-
cies.

Plant Part Value. PPV was calculated using the formula

PPV ¼ RUplant_part

RU
� 100 ;

where RU is the number of uses reported of all parts of the
plant and RUplant_part is the sum of uses reported per part of
the plant. The part with the highest PPV is the most used
by the respondents.

Fidelity Level. FL15 is the percentage of informants who
mentioned the uses of certain plant species to treat a partic-
ular ailment in the study area, calculated using the formula

FL ¼ Np

N
� 100;

where Np is the number of informants that claimed a use of
a plant species to treat a particular disease, and N is the
Table 1. Demographics of Participants in the Study Area

Variable Category
Numb
(N = 6

Sex Female 321

Male 304

Age group (y) <20 6

20-40 141

40-60 258

>60 220

Family situation Married 504

Divorced 67

Widowed 35

Single 19

Educational level Illiterate 409

Primary 169

Secondary 42

University 5

Income/month (Moroccan dirham) Unemployed 314

250-1500 189

1500-5000 99

>5000 18
number of informants that use the plants as a medicine to
treat any disease.

Informant Consensus Factor. ICF16 was derived in order
to seek an agreement between the informants on the
reported cures for each group of diseases:

ICF ¼ Nur�Nt

Nur�1
;

where Nur is the number of use reports in each disease cate-
gory and Nt is the number of species used.

Statistical Analysis. Statistical analysis of knowledge
scores was performed using Statistical Package for Social
Sciences (SPSS) to test for the influence of sex, level of
education, and age on ethnomedical knowledge. The
Mann-Whitney U test was used to determine gender-related
differences in knowledge of medicinal plants. The Kruskal-
Wallis test was used to test the relationship between socio-
demographic data of the informants and ethnomedical
knowledge.
er of informants
25) % Test P

51.3 U = 334.5 .340

49.7

1 x2 = 85.697 <.001

22.5

41.3

35.2

80.6 x2 = 82.820 <.001

10.7

5.7

3

65.4 x2 = 102.721 <.001

27

6.8

0.8

31.4 x2 = 88.560 <.001

45.1

21.5

2
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TAGGEDH1RESULTS TAGGEDEND

Demographics of Participants
TaggedPIn total, 625 local informants were interviewed (Table 1):

321 women and 304 men (with a female to male ratio of
1.06). In the Moroccan Rif, herbs work for the treatment of
conditions for both women and men; in our study, women
made up 51.3% of participants and men 48.7%.

The majority of respondents were aged 40 to 60 years
(41.3%), followed by those older than 60 years (35.2%)
and those 20 to 40 years (22.5%). Informants younger than
20 years came in last position (1%).

The analysis of the collected data shows that MPs are
used more often by health care professionals who are mar-
ried (80.6%) compared with those who are divorced
(10.7%); widowers made up 5.7% of the participants, and
single people only 3%.

Analysis of the collected data shows that MPs are used
most often by health care professionals who are herbalists
(5.3%), followed by nobles (3.8%), priests (1.5%), pharma-
cists (0.9%), and nurses (0.4%); 88.1% of the respondents
had no occupation.

Regarding the level of education, 65.4% of the partici-
pants were illiterate, followed by the categories of primary
and secondary education, with percentages, respectively, of
27% and 6.8%. People with a university-level education
use MPs the least, with a percentage of 0.8%.

In our study, 45.1% of the health care professionals had a
low socioeconomic level, 31.4% were unemployed, 21.5%
had an average level, and only 2% had a higher level.

Medicinal Plant Diversity. A total of 31 medicinal plant
species belonging to 14 botanical families were used to
treat neurologic diseases in the study area. These plants are
presented in Table 2 in alphabetical order by family. For
each plant listed, we give the family, the scientific name,
the local name, the part used, the method of preparation
adopted by the local population, and the condition it was
used to treat, as well as the FL (%), FC, RFC, and FIV.

The most representative families, in terms of number of
species, were Asteraceae and Lamiaceae (5 species each),
and Cucurbitaceae and Solanaceae (4 species each); other
families were represented by 1 or 2 species only (Fig 3).
Based on the FIV, the 5 most cited families were Verbena-
ceae (FIV = 0.168), Myristicaceae (0.154), Cupressaceae
(0.130), Liliaceae (0.127), and Rubiaceae (0.104).
Quantitative Data Analyses
Relative Frequency of Citation. To evaluate the relative

importance of reported MPs, RFC was calculated based on
the informants’ citations for the specific plant under study.
Values ranged from 0.002 to 0.214. Marrubium echinatum
L. exhibited the highest RFC (0.214), followed by Allium
cepa L. (0.197), Aloysia citrodora L. (0.168), Myristica
fragrans L. (0.154), and Artemisia herba-alba L. (0.152).
The lowest RFC (0.002) was exhibited by eight MPs, as
shown in Table 2.

Fidelity Level. FL for each species was also evaluated
from the available information. It indicates the informants’
choices for particular ailments and the potential of the spe-
cies related to the ailments. The FL of a plant species for a
specific disease in the present study area varied between
51.22% and 100%. We found 27 plant species having a
maximum 100% FL.

Informant Consensus Factor. ICF values are important
guides to identify more efficacious plants, and they also tell
the level of prevalence of diseases in the Rif. Results of the
current study revealed that epilepsy was most prevalent in
the study area, exhibiting an ICF value of 0.99, and
migraine was ranked second, with an ICF of 0.93. Sciatica
(0.88) and meningitis (0.65) were also observed through
ICF calculations (Table 3).

Parts of the Plant Used to Treat Neurologic Problems. In cur-
rent investigations, people of the Moroccan Rif harvest dif-
ferent plant parts for the preparation of traditional remedies
(eg, seed, root, stem, fruit, bulb, flower, leaf). Based on the
PPV, leaves were reported as the dominant plant part for
neurologic remedy preparation in the study area (PPV
34.7%), followed by seeds (PPV 16.5%), bulbs (PPV
14%), other combination (PPV 11.8%), whole plants (PPV
8%), flowers (PPV 7.6%), roots (PPV 3.7%), stems (PPV
2.9%), and fruit (PPV 0.6%) (Fig 4).

Methods of Preparation. In order to facilitate the admin-
istration of the active principles of the plant, several modes
of preparation are used (Fig 5):

� Decoction is a method of extraction by boiling herbal
or plant material to dissolve the chemicals of the mate-
rial, which may include stems, roots, bark, and rhi-
zomes.

� Infusion is the process of extracting chemical com-
pounds or flavors from plant material in a solvent such
as water, oil, or alcohol, by allowing the material to
remain suspended in the solvent over time (a process
often called steeping).

� A cataplasm is a poultice or plaster—a soft moist mass,
often warm and medicated, that is spread over the skin
to treat an inflamed, aching, or painful area, to improve
the circulation, and so on.

� Maceration is an extractive technique that is conducted
at room temperature. It consists of immersing a plant
in a liquid (eg, water, oil, alcohol) inside an airtight
container for a variable time based on the plant mate-
rial and liquid used.

� Fumigation is a method of killing pests, termites or any
other harmful living organisms to prevent transfer of
exotic organisms. Normally, fumigation is done for
wood material used for packing of goods to be
exported. In some cases, empty containers are fumi-
gated before being filled with cargo.



Table 2. List of Medicinal Plants Used to Treat Neurological Diseases in the Rif region of Morocco

Family and Scientific Name
Vernacular
Name

Part
Used

Mode of
Preparation

Medicinal
Uses FL (%) FC RFC FIV

Asparagaceae 0.002

Agave sisalana Linnaeus Aloe vera Leaf Cataplasm SC 100 1 0.002

Agave karatto Linnaeus Sabra Leaf Cataplasm MG 100 1 0.002

Asteraceae 0.051

Artemisia mesatlantica Linnaeus Chih, Izri Leaf Decoction MR 100 1 0.002

Artemisia herba-alba Linnaeus Chih, Izri Leaf Decoction EL, MG 97.9 95 0.152

Xanthium spinosum Linnaeus Lzik chouki Leaf Decoction SC 100 1 0.002

Chrysanthemum coronarium Linnaeus Lgahwân, Lgentus Flower Infusion EL 100 63 0.097

Anacyclus radiatus Linnaeus Far dahabya Whole plant Infusion MR 100 1 0.002

Cucurbitaceae 0.011

Ecballium elaterium Linnaeus Faggous el hemar Fruit Other MR 100 2 0.003

Cucumis melo Linnaeus Btikh Leaf Infusion MR 100 13 0.021

Citrullus vulgaris Linnaeus Dlah Leaf Decoction MR 100 9 0.014

Lagenaria siceraria Linnaeus El garâa-slâwiya Fruit Cataplasm SC 100 5 0.008

Cupressaceae 0.130

Tetraclinis articulata Linnaeus El A’râr Leaf Infusion EL 100 81 0.130

Fabaceae 0.058

Retama monosperma (L.) Boiss Rtem Stem Decoction EL 100 32 0.051

Retama raetam Linnaeus Rtem Root Decoction EL, MR 75.61 41 0.065

Lamiaceae 0.078

Marrubium echinatum Linnaeus Mrywt, Ifzi Other combination Cataplasm EL 100 134 0.214

Mentha spicata Linnaeus Na’a na’a Whole plant Infusion MR 100 23 0.037

Mentha£ piperita Linnaeus Na’na el-aabdi Leaf Infusion SC 100 6 0.01

Mentha pulegium Linnaeus Fliyou Whole plant Infusion EL 100 67 0.107

Vitex agnus-castus Linnaeus Kharwae Seed Infusion MR 100 15 0.024

Liliaceae 0.127

Asphodelus microcarpus Linnaeus Lberwag, Inghri Bulb Decoction SC 100 36 0.057

Allium cepa Linnaeus Bassla, Azalim Bulb Cataplasm EL, MR 51.22 123 0.197

Myristicaceae 0.154

Myristica fragrans Linnaeus El goza Seed Infusion EL 100 96 0.154

Nyctaginaceae 0.002

Mirabilis jalapa Linnaeus Chob ellayl Root Decoction MG 100 1 0.002

Poaceae 0.013

Dactyloctenium aegyptium Linnaeus Njem rjel djaja Seed Decoction MG 100 8 0.013

Rubiaceae 0.104

Coffea arabica Linnaeus Qahwa Seed Decoction EL 100 65 0.104

Solanaceae 0.042

Datura stramonium Linnaeus Chedak jmal Seed Other MG 100 2 0.003

Lycium europaeum Linnaeus Haded europa Leaf Cataplasm SC 100 1 0.002

Nicotiana glauca Linnaeus Tembak berri Flower Decoction MR 100 23 0.037

Solanum tuberosum Linnaeus Batâta Leaf Cataplasm EL 100 78 0.125

Typhaceae 0.002

Typha angustifolia Linnaeus Bot, Kseb Stem Other MG 100 1 0.002

Verbenaceae 0.168

Aloysia citrodora Linnaeus Lwiza Leaf Infusion EL, MR, MG 95.24 105 0.168

EL, epilepsy; FC, frequency of citation; FIV, family importance value; FL, fidelity levelMG, meningitis;MR, migraine; RFC, relative frequency of citation; SC, sciatica.
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Table 3. Informant Consensus Factor (ICF) Values by Category for Treating Neurological Diseases

Category Plant Species Used and Number of Citations
Total number of

ICF
Species Use citations

Epilepsy Artemisia herba-alba Linnaeus (93), Chrysanthemum coronarium Linnaeus
(63), Tetraclinis articulata Linnaeus (81), Retama monosperma (L.) Boiss (32),
Retama raetam Linnaeus (31),Marrubium echinatum Linnaeus (134),Mentha
pulegium Linnaeus (67), Allium cepa Linnaeus (60), Myristica fragrans Lin-
naeus (96), Coffea arabica Linnaeus (65), Solanum tuberosum Linnaeus (78),
Aloysia citrodora Linnaeus (100)

12 900 0.99

Migraine Ecballium elaterium Linnaeus (2), Cucumis melo Linnaeus (13), Citrullus vul-
garis Linnaeus (9),Mentha spicata Linnaeus (23), Vitex agnus-castus Linnaeus
(15), Nicotiana glauca Linnaeus (23), Anacyclus radiatus Linnaeus (1), Arte-
misia mesatlantica Linnaeus (1), Aloysia citrodora Linnaeus (3), Allium cepa
Linnaeus (63), Retama raetam Linnaeus (10)

11 163 0.93

Sciatica Lagenaria siceraria Linnaeus (5),Mentha£ piperita Linnaeus (6), Asphodelus
microcarpus Linnaeus (36), Lycium europaeum Linnaeus (1), Agave sisalana
Linnaeus (1), Xanthium spinosum Linnaeus (1)

6 50 0.88

Meningitis Dactyloctenium aegyptium Linnaeus (8), Datura stramonium Linnaeus (2),
Typha angustifolia Linnaeus (1), Agave karatto Linnaeus (1), Aloysia citrodora
Linnaeus (2), Artemisia herba-alba Linnaeus (2),Mirabilis jalapa Linnaeus (1)

7 17 0.65
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In the Rif area, infusion remains the most dominant
method of preparation (41.6%), followed by cataplasm
(30.36%) and decoction (27.6%). The incidences of the
other modes of preparation (fumigation and maceration)
combined does not exceed 0.44%.

Administration of MPs. Route of administration also
varies depending on the disease and materials used. In gen-
eral, most of the prepared recipes are orally prescribed
(83%), followed by massage (6%), other modes of adminis-
tration (5.9%), swabbing (3%), and rinsing (2.1%).

Condition of Preparations. The majority of the remedies
in the study area were prepared from fresh parts of MPs
(71.3%), followed by dried forms (24%) and 4.7%
0.002 0.002 0.002
0.011 0.013

0.042
0.051

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

Fig 3. Family importance v
prepared from either dry or fresh plant parts. A study con-
ducted by Abdurhman17 indicated that 86% of preparations
were in fresh form, and Getahun18 reported that most MPs
(64%) were used in fresh form, with 36% in dried from.
Knowledge of Medicinal Plants
In our ethnobotanical survey, the majority of health care

professionals (68%) acquired knowledge about medicinal
use of plants as a remedy for neurologic diseases through
others’ experiences. This reflects the relative transmission
of traditional practices from one generation to another. It
was followed by herbalists (15.3%) and pharmacists
(12.7%), and only 4% had built this knowledge by reading
0.058

0.078

0.104

0.127 0.13

0.154
0.168

alues of medicinal plants.
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Fig 4. Plant parts used in the treatment of neurologic diseases in the study area.

Journal of Chiropractic Medicine Chaachouay et al
Volume 19, Number 1 Ethnobotanical Study Aimed at Investigating the Use of Medicinal Plants to Treat

77
books about traditional Arab medicine, by watching televi-
sion programs, or by their own experience with a large
number of medicinal plants in their surroundings. The envi-
ronment and others’ experiences therefore remain the most
effective means of transmitting knowledge about medicinal
uses of plants (Fig 6).
TAGGEDH1DISCUSSION TAGGEDEND

The use of MPs in the Rif area is similar to that in other
parts of Morocco. When participants were grouped accord-
ing to sex, descriptive and inferential statistics revealed that
the women (n = 321) showed higher medicinal plant
knowledge than the men (n = 304), although the Mann-
Whitney U test (U = 334.50, P = .340) did not show a
41.6%

30.4%

0.0%

5.0%

10.0%

15.0%

20.0%

25.0%

30.0%

35.0%

40.0%

45.0%

Infusion Cataplasm

Fig 5. Frequency of differen
significant difference between male and female informants
on the number of medicinal plant species they listed and
associated uses reported. These results confirm the results
of other ethnobotanical work carried out at a national
scale.19-22 In the study area, the majority of the respondents
were aged 40 to 60 years (41.3%), followed by informants
aged more than 60 years (35.2%), with a very highly signif-
icant difference according to the Kruskal-Wallis test
(x2 = 85.697, P < .001). The relatively high score of the
older informants, as expected, is due to experience. It might
also be the case that the younger participants, especially
from the youngest age group, are not interested in the tradi-
tion of medicinal plant gathering and peddling, as nobody
from this age bracket mentioned their direct participation in
plant collection and trade. At present, the traditional
27.6%

0.4%

Decoc�on Other methods

t methods of preparation.
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Fig 6. Modes of acquisition of traditional knowledge.
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medical knowledge transmitted from generation to genera-
tion is in danger because transmission between older and
younger generations is not always assured.23 These values
confirm the results obtained in other regions of
Morocco.24-26

The analysis of the collected data shows that MPs are
much more used by health care professionals who are mar-
ried (80.6%) than divorced (10.7%), with widowers at
5.7% and single people at only 3% because married people
can avoid or minimize the material charges required by
doctors and pharmacists. The difference between family
status and indigenous knowledge for the treatment of neu-
rologic diseases was statistically significant (Kruskal-
Wallis: x2 = 82.820, P < .001). Those findings coincide
with those of similar study conducted in the central plateau
of Morocco.27 Regarding the level of education, 65.4% of
the health care professionals were illiterate; thus, the differ-
ence between educational level and indigenous knowledge
was significant (Kruskal-Wallis: x2 = 102.721, P < .001).
We can therefore see that the use of MPs decreases as the
level of education increases. This result is similar to previ-
ously reported findings.27-29 In our study, 45.1% of the
health care professionals had a low socioeconomic level.
The difference between income per month and indigenous
knowledge was significant (Kruskal-Wallis: x2 = 88.560, P
< .001). The high cost of modern medical treatments and
their side effects are among the main reasons why respond-
ents used herbal medicine. We can therefore see that the
use of plants increases with the increase in monthly income
of these informants. These results are similar to those
obtained in the Moyenne Moulouya of Morocco.30

The diversity and number of MPs reported by informants
show the rich traditional knowledge in the Rif, and the
number of medicinal plants reported is greater than in other
studies conducted in the western Rif of Morocco and neigh-
boring regions.25,27,31 In this study, we report the use of 31
medicinal species belonging to 14 families in treating ner-
vous system diseases. Our results showed that the most pre-
dominant families were Asteraceae and Lamiaceae (5
species each), followed by Cucurbitaceae and Solanaceae (4
species each), whereas other families were represented by 1
or 2 species only. This high proportion could be explained
by the high representation of these families in the Rif’s flora
due to ecological factors that favor the development and
adaptation of the majority of their species. It was observed
in the present study that the members of Asteraceae, Lamia-
ceae, and Cucurbitaceae are well-known potherbs and com-
monly used in herbal recipes. This partially coincides with
other findings in Morocco and in the Mediterranean area
with similar characteristics.19,21,32-34

Marrubium echinatum Linnaeus exhibited the highest
RFC (0.214), followed by Allium cepa Linnaeus (0.197),
Aloysia citrodora Linnaeus (0.168),Myristica fragrans Lin-
naeus (0.154), and Artemisia herba-alba Linnaeus (0.152).
The high values of RFC can be explained by the fact that
these plants are the best known and have long been used by
the majority of informants, representing a source of reliabil-
ity. In fact, many biological activity and phytochemical
evaluations have been carried out for these plants, and these
species are particularly interesting for research in bioactive
compounds. The plant species with high RFC should be
subjected to pharmacologic, phytochemical, and other bio-
logical studies to evaluate and prove their authenticity.35

The fidelity value is an important means to see for which
ailment a particular species is more effective. It indicates
the informants’ choice for each ailment and the potential of
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the species related to the ailments. The FL of plant species
for specific diseases in the present study area varied
between 51.22% and 100%. We found 27 plant species
with the maximum 100% FL. The MPs that are widely
used by the people of the Rif have higher FL values than
those that are less popular. On the other hand, more MPs
that are known as remedies of a single aliment have a
100% FL than those that are used as remedies for more
than one type of aliment. The present study showed a high
degree of agreement among interviewees, especially for
epilepsy and migraine.

Recently, consensus analysis has been used as an
important tool for analyzing of ethnobotanical data, and
it also tells the level of prevalence of diseases in the
Rif. Results of the current study revealed that epilepsy
was most prevalent in the study area, with an ICF of
0.99. The ICF values indicated the maximal networking
of indigenous people in the sharing of their knowledge
on medicinal practices; this is usually the case with tra-
ditional healers who treat the most frequently encoun-
tered diseases in the study area. These high ICF values
indicate reasonable reliability of informants on the use
of MP species.36 They also indicate that people share
the knowledge of the most important MP species to
treat the most frequently encountered neurologic dis-
eases in the study area. Pharmaceutical and phytochemi-
cal studies should be undertaken to study whether the
use of these herbs is valid.

Based on PPV, the leaf was reported as the dominant
plant part for neurologic remedy preparation in the study
area (34.7%). The preference of leaves was due to their
easy availability, easy harvesting, and simplicity in remedy
preparation. In addition, the leaves are the seat of photosyn-
thesis and sometimes storage of the secondary metabolites
responsible for the biological properties of the plant. Simi-
lar findings have indicated leaves as a major dominant plant
part in Morocco30,37,38 and in Africa more widely39-42 for
herbal medicine preparation.

In regard to the method of preparation, the plurality of
remedies were prepared by infusion (41.6%). The frequent
use of infusion can be explained by the fact that infusion
makes it possible to collect the most active ingredients and
attenuates or cancels out the toxic effect of certain recipes.
Infusion was also the most-used herbal preparation in stud-
ies of other regions of Morocco.21,22,27 This confirms that
there is a perpetual exchange of information on the use of
MPs between the people of Morocco. In general, most of
the prepared recipes are orally prescribed (83%). The pre-
dominance of oral administration may be explained by a
high incidence of internal ailments in the region.43 On the
other hand, it is thought that the oral route is the most
acceptable for patients. The predominance of oral adminis-
tration of the different MPs in the Moroccan Rif is in total
agreement with most of the ethnobotanical studies carried
out in Africa.26,44,45
Limitations
In this study, no information was provided about the

efficacy of the herbs. These are herbs that are reportedly
used for neurologic conditions, but we did not measure
their effects.

TAGGEDH1CONCLUSION TAGGEDEND

The Moroccan Rif region has a great reservoir of ethno-
medical knowledge, particularly regarding the use of
medicinal plants in primary health care. Locals of the
region have tremendous traditional knowledge to utilize
plants for the treatment of neurologic diseases. On the basis
of our results, we recommend that plants with high ICF and
FL values receive further phytochemical and pharmaco-
logic investigation. We also recommend that protection
measures be adopted for the conservation of these potential
medicinal plant species.
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Practical Applications
� Based on the results of this study, higher use
value, preference ranking scores, and fidelity
levels of the recorded medicinal and aromatic
plant species would empower future pharma-
ceutical and phytochemical studies and con-
servation practices.
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� In this connection, attention should be drawn
to the conservation of traditional medicinal
plants and associated indigenous knowledge
in the Moroccan Rif area to sustain them in
the future.
TAGGEDH1SUPPLEMENTARY MATERIALS TAGGEDEND

Supplementary material associated with this article can
be found in the online version at https://doi.org/10.1016/j.
jcm.2020.02.004.
TAGGEDH1REFERENCES TAGGEDEND

1. Kiringe JW. A survey of traditional health remedies used by
the Maasai of Southern Kaijiado District, Kenya. Ethnobot
Res Appl. 2006;4:61-73.

2. Hayta S, Polat R, Selvi S. Traditional uses of medicinal plants
in Elaz{�g (Turkey). J Ethnopharmacol. 2014;154(3):613-623.

3. Currais A, Chiruta C, Goujon-Svrzic M, et al. Screening and
identification of neuroprotective compounds relevant to Alz-
heimer’s disease from medicinal plants of S. Tom�e e Príncipe.
J Ethnopharmacol. 2014;155(1):830-840.

4. Ministere de l’Amenagement du Territoire. de l’Urbanisme.
de l’Habitat et de l’Environnement du Maroc. Rapport sur
l’�Etat de l’Environnement du Maroc. Rabat, Morocco:
Observatoire National de l’Environnement du Maroc; 2001.

5. Ghanmi M, Satrani B, Aberchane M, Ismaili MR, Aafi A, El
Abid A. Plantes Aromatiques et M�edicinales du Maroc: Les
Milles et Une Vertu. Rabat, Morocco: Centre de Recherche
Foresti�ere; 2011.

6. Scherrer AM, Motti R, Weckerle CS. Traditional plant use in
the areas of Monte Vesole and Ascea, Cilento National Park
(Campania, Southern Italy). J Ethnopharmacol. 2005;97
(1):129-143.

7. D�ecret n 2-15-40 du 1er joumada I 1436 (20 f�evrier 2015) fix-
ant le nombre des regions, leurs denominations, leurs chefs-
lieux ainsi que les prefectures et provinces qui les composent.
Bull Off Royaume Maroc. 2015;6340:1008-1010.

8. Monographie Regionale de Tanger-T�etouan-Al Hoceima.
Tangier, Morocco: Direction R�egionale de Tanger-T�etouan-
Al Hoceima; 2018.

9. Godron M. Essai sur une approche probabiliste de l’�ecologie
des v�eg�etaux. Montpellier, France: Universit�e des Sciences et
Techniques du Languedoc; 1971. [dissertation].

10. Sijelmassi A. Les Plantes M�edicinales du Maroc. 3rd ed.
Casablanca, Morocco: Fennec; 1993.

11. Fennane M, Ibn Tattou M, Mathez J, Qu�ezel P. Flore Pra-
tique du Maroc: Manuel de D�etermination des Plantes Vas-
culaires: Pteridophyta, Gymnospermae, Angiospermae
(Lauraceae-Neuradaceae). Rabat, Morocco: Institut Scienti-
fique; 1999.

12. Vald�es B, Rejdali M, Achhal El Kadmiri A, Jury JL, Mon-
tserrat JM. Catalogue des Plantes Vasculaires du Nord du
Maroc, Incluant des Cl�es d’�Identification, Vol. 1. Madrid,
Spain: Consejo Superior de Investigaciones Científicas;
2002.

13. Sreekeesoon DP, Mahomoodally MF. Ethnopharmacological
analysis of medicinal plants and animals used in the treatment
and management of pain in Mauritius. J Ethnopharmacol.
2014;157:181-200.

14. Tardío J, Pardo-de-Santayana M. Cultural importance indi-
ces: a comparative analysis based on the useful wild plants of
southern Cantabria (northern Spain). Econ Bot. 2008;62
(1):24-39.

15. Friedman J, Yaniv Z, Dafni A, Palewitch D. A preliminary
classification of the healing potential of medicinal plants,
based on a rational analysis of an ethnopharmacological field
survey among Bedouins in the Negev Desert, Israel. J Ethno-
pharmacol. 1986;16(2-3):275-287.

16. Heinrich M, Ankli A, Frei B, Weimann C, Sticher O. Medici-
nal plants in Mexico: healers’ consensus and cultural impor-
tance. Soc Sci Med. 1998;47(11):1859-1871.

17. Abdurhman N. Ethnobotanical Study of Medicinal Plants
Used by Local People in Ofla Wereda, Southern Zone of
Tigray Region, Ethiopia. Addis Ababa, Ethiopia: Addis
Ababa University; 2010. [master’s thesis].

18. Getahun A. Some Common Medicinal and Poisonous Plants
Used in Ethiopian Folk Medicine. Addis Ababa, Ethiopia:
Amare Getahun; 1976.

19. Jouad H, Haloui M, Rhiouani H, El Hilaly J, Eddouks M.
Ethnobotanical survey of medicinal plants used for the treat-
ment of diabetes, cardiac and renal diseases in the North cen-
tre region of Morocco (Fez�Boulemane). J Ethnopharmacol.
2001;77(2-3):175-182.

20. Salhi S, Fadli M, Zidane L, Douira A. Etudes floristique et
ethnobotanique des plantes m�edicinales de la ville de K�enitra
(Maroc). Lazaroa. 2010;31:133-146.

21. Tahraoui A, El-Hilaly J, Israili ZH, Lyoussi B. Ethnopharma-
cological survey of plants used in the traditional treatment of
hypertension and diabetes in south-eastern Morocco (Errachi-
dia province). J Ethnopharmacol. 2007;110(1):105-117.

22. Ziyyat A, Legssyer A, Mekhfi H, Dassouli A, Serhrouchni
M, Benjelloun W. Phytotherapy of hypertension and dia-
betes in oriental Morocco. J Ethnopharmacol. 1997;58
(1):45-54.

23. Anyinam C. Ecology and ethnomedicine: exploring links
between current environmental crisis and indigenous medical
practices. Soc Sci Med. 1995;40(3):321-329.

24. Aribi I. Etude Ethnobotanique de Plantes M�edicinales de la
R�egion du Jijel: �Etude Anatomique, Phytochimique, et
Recherche d’Activit�es Biologiques de Deux Esp�eces. Bab
Ezzouar, Algeria: Universit�e des Sciences et de la Technolo-
gie Houari Boumedi�ene; 2013. [master’s thesis].

25. Benlamdini N, Elhafian M, Rochdi A, Zidane L. �Etude floris-
tique et ethnobotanique de la flore m�edicinale du Haut Atlas
oriental (Haute Moulouya). J Appl Biosci. 2014;78(1):6771-
6787.

26. El Hafian M, Benlandini N, Elyacoubi H, Zidane L, Rochdi
A. �Etude floristique et ethnobotanique des plantes
m�edicinales utilis�ees au niveau de la pr�efecture d’Agadir-Ida-
Outanane (Maroc). J Appl Biosci. 2014;81(1):7198-7213.

27. El Hilah F, Ben Akka F, Dahmani J, Belahbib N, Zidane L.
�Etude ethnobotanique des plantes m�edicinales utilis�ees dans
le traitement des infections du syst�eme respiratoire dans le
plateau central marocain. J Anim Plant Sci. 2015;25(2):3886-
3897.

28. Bouzid A, Chadli R, Bouzid K. �Etude ethnobotanique de la
plante m�edicinale Arbutus unedo L. dans la r�egion de Sidi
Bel Abb�es en Alg�erie occidentale. Phytoth�erapie. 2017;15
(6):373-378.

29. Lahsissene H, Kahouadji A, Tijane M, Hseini S. Catalogue
des plantes medicinales utilis�ees dans la r�egion de Za€er
(Maroc occidental). Lejeunia. 2009;186:1-25.

https://doi.org/10.1016/j.jcm.2020.02.004
https://doi.org/10.1016/j.jcm.2020.02.004
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0001
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0001
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0001
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0002
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0002
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0002
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0003
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0003
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0003
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0003
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0003
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0004
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0004
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0004
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0004
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0004
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0005
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0005
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0005
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0005
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0005
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0005
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0006
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0006
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0006
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0006
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0007
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0007
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0007
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0007
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0007
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0007
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0008
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0008
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0008
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0008
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0008
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0008
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0009
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0009
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0009
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0009
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0009
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0009
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0009
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0010
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0010
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0010
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0011
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0011
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0011
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0011
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0011
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0011
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0011
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0012
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0012
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0012
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0012
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0012
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0012
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0012
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0012
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0013
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0013
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0013
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0013
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0014
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0014
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0014
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0014
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0015
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0015
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0015
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0015
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0015
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0016
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0016
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0016
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0017
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0017
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0017
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0017
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0018
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0018
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0018
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0019
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0019
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0019
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0019
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0019
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0019
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0020
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0020
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0020
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0020
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0020
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0021
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0021
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0021
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0021
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0022
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0022
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0022
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0022
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0023
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0023
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0023
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0024
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0024
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0024
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0024
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0024
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0024
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0024
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0024
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0024
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0024
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0024
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0024
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0025
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0025
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0025
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0025
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0025
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0025
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0026
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0026
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0026
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0026
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0026
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0026
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0026
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0026
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0027
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0027
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0027
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0027
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0027
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0027
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0027
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0027
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0028
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0028
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0028
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0028
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0028
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0028
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0028
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0028
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0028
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0028
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0029
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0029
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0029
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0029
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0029
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0029


Journal of Chiropractic Medicine Chaachouay et al
Volume 19, Number 1 Ethnobotanical Study Aimed at Investigating the Use of Medicinal Plants to Treat

81
30. El Douiri M, El Hassani M, Bammi J, Badoc A, Douira A.
Plantes vasculaires de la Moyenne Moulouya (Maroc orien-
tal). Bull Soc Linn Bord. 2007;35(4):409-438.

31. Rhattas M, Douira A, Zidane L. �Etude ethnobotanique des
plantes m�edicinales dans le Parc National de Talassemtane
(Rif occidental du Maroc). J Appl Biosci. 2016;97:9187-
9211.

32. Bonet i Galobart MA. Estudi Etnobot�anic del Montseny. Bar-
celona, Spain: Universitat de Barcelona; 2001. [dissertation].

33. Eddouks M, Maghrani M, Lemhadri A, Ouahidi M-L, Jouad
H. 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. 2002;82(2-3):97-103.

34. Ugulu I, Baslar S, Yorek N, Dogan Y. The investigation and
quantitative ethnobotanical evaluation of medicinal plants
used around Izmir province, Turkey. J Med Plant Res.
2009;3(5):345-367.

35. Mukherjee PK, Nema NK, Venkatesh P, Debnath PK. Chang-
ing scenario for promotion and development of Ayurveda—
way forward. J Ethnopharmacol. 2012;143(2):424-434.

36. Lin J, Puckree T, Mvelase TP. Anti-diarrhoeal evaluation of
some medicinal plants used by Zulu traditional healers. J Eth-
nopharmacol. 2002;79(1):53-56.

37. Daoudi A, Bammou M, Zarkani S, Slimani I, Ibijbijen J, Nas-
siri L. �Etude ethnobotanique de la flore m�edicinale dans la
commune rurale d’Aguelmouss province de Kh�enifra
(Maroc). Phytoth�erapie. 2016;14(4):220-228.

38. Hachi M, Hachi T, Belahbib N, Dahmani J, Zidane L. Contri-
bution �a l’etude floristique et ethnobotanique de la flore
m�edicinale utilis�ee au niveau de la ville de Khenifra (Maroc).
Int J Innov Appl Stud. 2015;11(3):754-770.

39. Asase A, Akwetey GA, Achel DG. Ethnopharmacological
use of herbal remedies for the treatment of malaria in the
Dangme West District of Ghana. J Ethnopharmacol.
2010;129(3):367-376.

40. Asnake S, Teklehaymanot T, Hymete A, Erko B, Giday M.
Survey of medicinal plants used to treat malaria by Sidama
people of Boricha District, Sidama Zone, South Region of
Ethiopia. Evid Based Complement Alternat Med. 2016;2016:
9690164.

41. Mukungu N, Abuga K, Okalebo F, Ingwela R, Mwangi J.
Medicinal plants used for management of malaria among the
Luhya community of Kakamega East sub-County, Kenya. J
Ethnopharmacol. 2016;194:98-107.

42. Jdaidi N, Hasnaoui B. �Etude floristique et ethnobotanique des
plantes m�edicinales au nord-ouest de la Tunisie: cas de la
communaut�e d’Ouled Sedra. J Adv Res Sci Technol. 2016;3
(1):281-291.

43. Polat R, Sat{l F. An ethnobotanical survey of medicinal plants
in Edremit Gulf (Bal{kesir�Turkey). J Ethnopharmacol.
2012;139(2):626-641.

44. Benarba B, Meddah B, Tir Touil A. Response of bone resorp-
tion markers to Aristolochia longa intake by Algerian breast
cancer postmenopausal women. Adv Pharmacol Sci.
2014;2014: 820589.

45. Chermat S, Gharzouli R. Ethnobotanical study of medici-
nal flora in the north east of Algeria—an empirical knowl-
edge in Djebel Zdimm (Setif). J Mater Sci Eng A. 2015;5
(1-2):50-59.

http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0030
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0030
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0030
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0031
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0031
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0031
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0031
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0031
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0031
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0032
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0032
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0032
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0033
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0033
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0033
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0033
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0033
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0034
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0034
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0034
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0034
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0035
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0035
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0035
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0036
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0036
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0036
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0037
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0037
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0037
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0037
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0037
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0037
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0037
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0037
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0038
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0038
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0038
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0038
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0038
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0038
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0038
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0039
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0039
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0039
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0039
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0040
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0040
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0040
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0040
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0040
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0041
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0041
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0041
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0041
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0042
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0042
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0042
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0042
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0042
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0042
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0042
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0043
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0043
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0043
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0043
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0043
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0043
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0044
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0044
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0044
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0044
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0045
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0045
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0045
http://refhub.elsevier.com/S1556-3707(20)30031-6/sbref0045

	Ethnobotanical Study Aimed at Investigating the Use of Medicinal Plants to Treat Nervous System Diseases in the Rif of Morocco
	Introduction
	Materials and Methods
	Description of the Study Area
	Ethics Approval and Consent to Participate
	Methodology
	Data Collection
	Plant Species Collection and Identification

	Data Analysis
	Family Importance Value
	Frequency of Citation and Relative Frequency of Citation
	Plant Part Value
	Fidelity Level
	Informant Consensus Factor
	Statistical Analysis


	Results
	Demographics of Participants
	Medicinal Plant Diversity

	Quantitative Data Analyses
	Relative Frequency of Citation
	Fidelity Level
	Informant Consensus Factor
	Parts of the Plant Used to Treat Neurologic Problems
	Methods of Preparation
	Administration of MPs
	Condition of Preparations

	Knowledge of Medicinal Plants

	Discussion
	Limitations

	Conclusion
	Funding Sources and Conflicts of Interest
	Contributorship Information
	Supplementary materials
	References



