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https://doi.org/10.4236/nm.2022.131002 depth ethnobotanical survey including 43 respondents selected using snow

dicinal plants (MPs) in management of various ailments. The study aimed to
document the MPs used locally to manage mental illnesses (MIs). An in-

ball method and interviewed using semi-structured questionnaires was con-
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ducted in Goma city, in DRC, from May to September 2021. Voucher speci-
mens were collected from the study area and identified at Makerere Universi-
ty Herbarium (MHU). Data were analyzed using ethnobotanical parameters,
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Commons Attribution International
License (CC BY 4.0). 63.33% were reported for anxiety, 36.67% for psychosis and 30% for depres-

http://creativecommons.org/licenses/by/4.0/  sion. Most abundant taxa were reported for three families including Astera-
m ceae, Lamiaceae and Solanaceae. Among MPs used in Goma city, the two

priority plant species for anxiety were Euphorbia abyssinica and Cleome gy-

well as Spearman correlation coefficient. A total of 30 plant species, represented
amongst 29 genera and 19 families were reportedly used to treat MIs. Of these

nandra L. While, the two priority plant species for depression were Conyza
sumatrensis and Emilia coccinea. High similarity (RSI = 77.42%) was ob-
served in the use of common species for MIs between THPs from both Goma
and Karisimbi communes. Results prove that local people of Goma city use
MPs species against MIs that could be further studied for pharmacological
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effectiveness and safety.
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1. Introduction

Mental illnesses (MIs) are a common problem that affects the thinking ability,
emotion or behavior of the affected individuals [1]. Globally, the prevalence of
mental disorders (depression, anxiety, post-traumatic stress disorder, bipolar dis-
order, and schizophrenia) was reported by the World Health Organization (WHO)
in 2019 to be 22.1% in the conflict-affected populations [2].

In some African countries such as Somalia, the prevalence of MIs in regions
affected by conflict has been reported to be even higher at 33% compared to
those of countries less affected by conflicts such as Uganda and Tanzania which
were reported to be 4.6% and 5.3% respectively [3] [4] [5]. Regarding the Dem-
ocratic Republic of Congo [6] [7] [8], the prevalence of MIs, especially depres-
sion and anxiety was reported at 22% and 13% - 23% in provinces affected by
war conflicts such as North Kivu (NK) province including Goma city, higher
than other provinces of the country. The contributing factors are wars, poverty,
use of psychoactive substances and sexual abuse [9]. The local culture, poor health
facilities, among many others are reported to have exacerbated the high preva-
lence of MIs in DRC [6] [10] [11].

Communities in war or conflict zones such as the Eastern part of DRC, are
more often exposed to threatening events such as hearing or witnessing human
killings, bombardments, gunfire attacks, massacres, mutilations, rapes, tortures
and house to house raids and these exacerbate the incidence of MIs [12]. People
living in that part of the country have been forced to leave their hometowns, vil-
lages, occupations, assets and thereafter condemned to live without income or in
abject poverty [13].

The problem has been further aggravated by poverty caused by war and the
fact that there are no budgetary allocations for mental health in DRC [6]. The
primary funding of these people to meet their healthcare needs mainly comes in
the form of out-of-pocket expenditure by the patient or patient’s family. Thus,
the cost of psychiatric treatment among the victims is very high in relation to
average earnings [6]. Hence, conventional medicines used in the management of
MIs are costly to many people in DRC [10].

War conflicts have also resulted in redundancy especially of the youth who are
more prone to psychoactive substance abuse. Whereby DRC has been reported
to be the biggest producer of Cannabis sativa that is associated with psychosis
[14]. The psychophysiological effects of the drug, and the economic role of the
trade have been linked to the financing of various armed groups hence increas-
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ing violence associated to MIs in NK Province. Also the poor infrastructure es-
pecially the poor mental healthcare facilities, deficiency of mental healthcare
workforce and services worsens the situation. In addition to the mental health-
care infrastructure and medical specialists being very centralized in Kinshasa,
the capital; and a few other provinces [6], thus leaving a great area of DRC lack-
ing mental healthcare infrastructure. Currently, there are 102 neuropsychiatrists
for a population of over 66 million people, of whom only one is in the province
of NK, one is in Lubumbashi and 100 are in Kinshasa [15].

Culture influences many Congolese people who believe that MIs are a result of
curses or punishment from God and cannot be treated professionally [6]. They
also believe in supernatural power, prayers and MPs that may not be scientifi-
cally proven [6]. Thus, religious faith practices or spiritual healing and THPs who
use MPs that are richly accessible and supernatural power to manage illnesses
have continued to play an essential role in management of MIs among the af-
fected individuals [16]. These entire factors, make people delay in seeking mental
healthcare services where they exist thus worsening the conditions or resorting
to use of alternatives including the MPs.

The country is also rich in natural forests with various MPs that are used by
THPs in management of MIs in their local communities. It has been reported
that DRC has 135 million hectares of natural forests that have boundless biodi-
versity including MPs that may have psychoactive properties [17]. According to
Edgerton [18], there are a number of MPs used among African communities in
the management of patients with MIs. According to him, some of these patients
managed by these THPs using MPs have been reported to recover more rapidly
and fully than do individuals who use conventional medicine. It has been reported
that in DRC, in most cases of MIs, THPs are often the only source of healthcare
services to the affected individuals [10]. However, these claims are not fully do-
cumented as well as scientifically evaluated. There is limited information on the
methods used by THPs in the management of MIs among the sufferers in Goma
city, especially the MPs. The study documented plants used in traditional treat-
ment of MIs, associated indigenous knowledge and prioritized two plants for an-
xiety and depressive disorders considered most effective. Indeed, anxiety and de-
pressive disorders have both been reported by WHO [4] to be the commonest MIs
in regions affected by conflict such as NK province in DRC.

2. Materials and Methods
2.1. Study Design

It was community based cross-sectional study that involved an in-depth ethno-
botanical survey. Both quantitative and qualitative study designs were carried

out using a semi-structured in-depth interview.

2.2. Study Area

The study was carried out in Goma city, capital of NK province in eastern DRC.
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Based on its geographic coordinates, Goma is located between 1041°S latitude
(—1.6771 degrees minutes) and 29,015°E longitude (29.242 degrees minutes) [19].
Its altitude is estimated at about 1500 m above sea level and has an area of 66.45
km? covered by volcanic rock with undulated reliefs at about 18 km from Nyi-
ragongo volcano [20]. The area is characterized by savanna tropical climate in-
fluenced by high altitude. The annual minimal and maximal average tempera-
tures, as well as annual amount of precipitation are 14.03°C, 25.5°C and 1257
mm respectively. Overall, the city has a multi tribal population of 1.1 million ur-
ban habitants [21].

Regarding administrative organization, Goma city includes two communes;
commune of Goma and commune of Karisimbi subdivided into 7 and 11 quar-
ters respectively (Figure 1). Each quarter is subdivided into cells with several
streets. The commune of Goma is located in the south of Goma city and has an
area of 28.754 km® It hosts almost all political administrative and economical
quarters. While the commune of Karisimbi is located in the north of commune of
Goma and has an area of 37.698 km’. The commune is essentially residential and
has population of 622,105 habitants with low income [20]. So, individuals from
Karisimbi were used as key informants to select THP key informants.

Data on indigenous use of MP in management of MIs and related symptoms
was collected in two communes for some reasons, including: 1) Their location
near Virunga National Park rich in biodiversity; 2) Goma city has been the thea-
ter of war for more than 20 years that has disorganized government general
health care [22]; 3) Several studies conducted in Goma city have reported the use
of herbal medicines. Overall, among previous studies done on herbal medicine

in Goma city none cover specifically MIs and related symptoms.

2.3. Simple Size and Sampling Procedure

The sample size was determined using a single proportion formula, n, = Zp (1 - p)/d,

D.R CONGO

Kivu Lake

ZAMBIA

Figure 1. Map of the Democratic Republic of Congo showing Goma, North Kivu, adapted from Agence France-Presse (AFP) [23]
and map [20] showing Goma City. Focus of the study: Commune of Goma and commune of Kasirimbi.
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where n, was the initial sample size (1, = 376.48), considering a confidence level
of 95%, an overall proportion of good knowledge of population of Goma city
about THP dealing with MIs of 50% estimated on basis of pilot study [24], and a
precision of 5%.

We performed a finite population correction, 1, = n,/1 + (1,/ N), where N was
the total number of a targeted population including male and female respon-
dents aged 18 years and above, non THPs and non-healthcare practitioners (HCP)
of commune of Karisimbi. Thus, we computed N = 343,278 according to INS-
North-Kivu [20] and we obtained 1z, = 376.07. Multiplying 2, by 1.5 to account
for the clustering effect, and adding a 15% non-response rate, we obtained a final
sample size of 620 key informants.

Sampling procedure of the key informants included geographical cluster and
stratified random methods. Age-order method was used to identify the potential
respondents in households [25], and no replacement was made. The key infor-
mants consenting to the objective of the study were used to select THPs dealing
with MIs in Goma city.

We defined a THP according to the Congolese [26] law on traditional medi-
cine(TM). It has been reported that among THPs, herbal therapists are reputed
to have in-depth knowledge on local plants. However, each of them has its own
field of expertise and the techniques as well as MPs employed in management of
various ailments differ considerably [27]. Thus, snowball ball sampling method
was used to select male and female THP dealing with MIs and consenting to par-
ticipate in the study.

Also, it has been reported that in qualitative study, data collection is based
upon a saturation point judged by researcher to give best information [28].
Thus, sample size of THP key informants included total number of all those who
were appointed by the 620 key informants as dealing with management of MIs

in Goma city.

2.4. Data Collection

Firstly, permission to collect data from individuals in Goma city was got from
the Directorate of Health Services. Secondly, permission was got from adminis-
trative leaders before any interaction with prospective respondents. Thereafter
researcher interacted with prospected respondent following two steps; especially:
1) Interaction with each selected 620 key informants to select THP key infor-
mants; 2) Interaction with each THP key-informant for in-depth ethnobotanical
survey. Overall, researcher started their interaction with each prospective res-
pondent by first explaining the aims and objectives of the project in order to so-
licit their consent and cooperation before any data were gathered. We used face-
to-face interview to interact with all respondents recruited in the study. Then,
voucher specimens were collected, identified and allocated a number by a tax-
onomist at Makerere University National Herbarium (MHU), Kampala.

Regarding data collection tools, for quantitative study, data related to 620 res-
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pondents in local communities were collected through face-to-face semi-structured
in-depth interview by using interview schedule translated into French and local
language (Kiswahili). The interview schedule included 2 domains especially so-
cio-demographic and knowledge of THP experts in management of MIs in Go-
ma city. For qualitative study, data from THPs were collected through an inter-
view guide translated into French and local language (Kiswahili). The interview
guide related to THPs had 5 themes including, socio-demographic theme, MPs
used in management of MIs (plant name, part of plant used, treated MIs, me-
thod of preparation, route of administration, tratment duration), method of di-

agnostic, how to recognize healed patient and source of knowledge.

2.5. Selection Criteria of Study Participants

Both adult male and female individuals aged between 18 years and above, non
THPs and non allopatic health care practitioners, residents of Karisimbi com-
mune and consenting to participate in the study were recruited in the study. The
recruited individuals were aked to nominate THPs dealing with management
of MIs in Goma city. Both male and female THPs appointed by individual in
community as dealing with management of MIs, resident within Goma city and
consenting to participate in the study were selected for interview. Individuals
and THPs who were below 18 of age, did not consent to the study, and those

who were absent at the time of data collection were excluded from the study.

3. Data Analysis
3.1. Quantitative Data Processing

Excel 2016 was used to process the data. Quantitative raw data were cleaned scru-
tinizing the completed research instruments to identify and minimize, as far as
possible, errors, incompleteness, misclassification and gaps in the information ob-
tained from the respondents. Having cleaned, the data were coded following the
process including developing code book, pretesting the code book, coding the data
and verifying coded data. The data base information necessary to answer our re-

search questions were exported to SPSS 2017 statistical package for analysis.

3.2. Qualitative Data Processing and Analysis

Qualitative transcribed data using Microsoft Word 2018 were closely studied
according to the following steps: 1) Identifying the main themes communicated
by respondent; 2) Assigning codes to the main themes; 3) Classifying responses
under the main themes; 4) Transformation of qualitative data into quantitative

data for analysis of responses of main themes.

3.3. Ethnobotanical Parameters Measured

Use value (UV) parameter was calculated according to the formula of Phillips et
al [29] and Thomas et al. [30] to determine the relative importance attached to a

given MPs species in TM of Goma.
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> Uis

ns

UVs = (1)

In which UVs is the use value of a given species s; Uis is the number of uses of
species mentioned by informant i; ns is the total number of informants.

Since it has been reported that UVs parameter does not reflect the consensus
of informants on MPs use, we also calculated for each species, the parameter in-

formant agreement ratio (IAR) [31] [32] [33].

IAR = Nr—Na (2)
Nr—-1

In which Nr is the total number of citations of the species and Na is the num-
ber of diseases treated by the species.

Informant consensus factor (ICF) was calculated for each plant use according
to Trotter and Logan formula [31], to verify informant agreement for a plant
species in the treatment of a particular MI and to select species with an interest-

ing therapeutic potential for phytochemical and pharmacological studies.

ICF _ Nuc—Nt (3)
Nuc -1

In which Nuc is the number of citations of a particular MI; Nt is the number
of species used for the treatment of that M1.

Species therapeutic potential (STP) parameter was calculated according to
Heinrich [34] to select plant species that seemed to be potentially effective for
treating MIs and therefore merit phytochemical, pharmacological and toxicity
studies. We considered species with high STP% as potentially effective.

Ni-1

Nti

STP% = (4)

In which Ni is the number of informants who mentioned the use of a species
for the treatment of a given MI, and Nti is the total number of informants who
mentioned any species for the treatment of that MIL

Medicinal plants were considered as priority for a MI if they had the highest
UV, IAR, and STP% values, also, if not much was known about their anxiolytic

and antidepressant activities as well as toxicity profile in laboratory animal models.

3.4. Quantitative Data Relative to MPs Use and Traditional
Medicine Knowledge Analysis

Quantitative data from both quantitative and qualitative studies were expressed
as frequency, displayed in tables and graphs. Non parametric tests including
Mann-Whitney [35] and Kruskal-Wallis [36] were performed to assess whether
or not significance difference exists in MP knowledge between the two genders,
and different religion groups. The correlation coefficient of Spearman was cal-
culated to elucidate if there were a correlation between informants’ age, experience,
source of knowledge, education level and their knowledge on MPs. Results of

Mann-Whitney, Kruskal-Wallis and Spearman correlation tests were considered
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as statistically significant for p values < 0.05.

To find out the percentage of common use of plants species for MIs treatment
between THPs of commune of Goma and THPs of commune of Karisimbi, the
Rahman’s similarity index (RSI) was used, which indicates the similarity of spe-
cies used for treating the same MIs [37]. Thus, THPs of the two communes are
closer in treatment of MIs if they use the same species in their management;
hence, RSI > 50%.

d

RSI=— % (5)
a+b+c—d

In which “2” is the number of unique species in commune of Goma, “b” is the
number of unique species in commune of Karisimbi, “c” is the number of com-
mon species in both communes Goma and Karisimbi, and “d” is the number of
common species in both Goma and Karisimbi that are used to treat the same
disease; aand b # 0 and cand d> 0.

Also, Frequency index was used to find out the commonality of plant species.

A plant species was considered as common when its FI was >50%.

4. Result
4.1. Key Informant Profiles

Socio-economic and demographic characteristics of respondents are sammu-
rized in Table 1.

4.2. Taxonomic Diversity

A total of 30 plant species, distributed in 29 genera and 19 families were inven-
toried. Families representing most species were Asteraceae, Lamiaceae and So-
lanaceae (4 species ie., 13.80%). While the other 16 families were represented by
1 or 2 species (Table 2).

4.3. Indigenous MPs Use in Management of Mls

From total number of 30 plants species, 19 (63.33%) were reported for anxiety
and related symptoms, 11 (36.67%) were reported for psychosis and 9 (30%)
were reported for depression (Figure 2). Leaves (90%), decoction (46.67%), oral
ingestion (73.33%), wild (53.33%), <1 month (73.33%), were the most frequently
cited plant part, method of preparation, mode of administration, place of collec-
tion and treatment duration respectively (Figure 2).

None of 30 MPs was reported with the majority (FI < 50%) of respondents
(Table 2). However, high similarity (RSI = 77.42%) was observed in the use of
common species for MIs between THPs key informants from both Goma and

Karisimbi communes.

4.4. Ethnobotanical Data Analysis

4.4.1. Relative Importance of a Given Plant (UVS, IAR)
Medicinal plant use values ranged from 0.13 to 0.63 for plants used to treat anxiety.
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Table 1. Socio-economic demographic characteristics of respondents.

Respondents non THP or

Variable Non HCP THE
Respondents % Respondents %
Age
18 - 27 157 25.28 02 4.65
28 - 36 199 32.04 12 2791
37 -46 149 23.99 13 30.23
47 - 55 79 12.72 10 23.26
56 - 64 32 5.15 04 9.30
No response 05 0.80 0 0.00
Gender
Male 307 49.44 28 65.12
Female 314 50.56 15 34.88
Education level
O level 01 0.16 0 0.00
Primary school 97 15.61 0 0.00
Secondary school 315 50.72 29 67.44
University 89 14.33 14 32.56
None 119 19.16 0 0.00
Occupation/Profession
Businessman 226 36.39 - -
Government employee 25 4.02 - -
Farmer 04 0.64 - -
Medical Doctor - - - -
Nurse - - - -
Peasant 211 33.98 - -
Others 1155 24.96 - -
Residence
Goma 0 0 09 20.93
Karisimbi 100 100 34 79.07
Religion
Catholic 191 30.76 16 37.21
Protestant 318 51.21 20 46.51
Muslim 61 9.82 03 6.98
Traditionalist 13 2.09 02 4.65
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Continued
Others 38 6.12 02 4.65
TH status
Divine diagnostician - - 0 0.00
Herbalist - - 43 100
Other - - 0 0
Experience in traditional medicine
<5 years - - 05 11.63
>5 years - - 35 81.39
No response - - 03 6.98

Legend: THP: Traditional health practitioner, -: No applicable. n = 621 for respondents
no THP and n = 43 for THPs

Table 2. Family, number of species, scientific and local name, voucher number, medicinal use, frequency index (FI) and psycho-

pharmacological scientific studies of MPs in the study area.

Family

Asteraceae

Lamiaceae

Number Plant scientific and
of
species

4

4

local name number
Bidens pilosa L., HBKY06
Kashisha®>tN W

Ageratum conyzoides HBKY26
(L)L,

Nalubanda™°<:W

Conyza sumatrensis ~ HBKY02

(Retz) E.Walker,

KavingandeN,O,OC,l,W

Emilia coccinea (Sims) HBKY15
G.Don., Majani ya

Sungura®>W

Salvia sclareaL, Sauge HBKY04

sclarée. OV

Ocimum basilicum L., HBKYO01
Basilic®Y

Mentha spicata L., HBKY16
MentheY

Anxiety

Psychosis,
anxiety

Depression

Depression

Depression

Depression

Depression

medicinal
applications

Convulsion,
gastritis,
poisoning

Vomiting,
Headache

Headache

Colic,
infection of
urinary
tractus

Overwork

Headache,
hypertermia

Flu, gastritis

9.30

18.60

18.60

16.28

4.65

17.28

13.95

Voucher MI treated Other ethno FI (%) Scientific studies on the

plant against MI

Encyclopedia of Biodiversity
(Second Edition) [54]

Anxiolytic potential of
methanol extract from
Ageratum conyzoides Linn
leaves [55]

Antidepressant-like effect of
Salvia sclarea is explained by
modulation of dopamine
activities in rats [56]

The antidepressant-like effect
of Ocimum basilicum in an
animal model of depression
(57]

The antidepressant-like effect
of Mentha spicata 15essential
oil in animal models of
depression in male mice [58]
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Continued
Salvia rosmarinus HBKY17 Depression Overwork 2.33 Antidepressant-like effect of
Spenn, Romarin®*" ursolic acid isolated from
Rosmarinus officinalis L. in
mice: evidence for the
involvement of the
dopaminergic system [59]
Solanaceae 4 Datura stramonium L., HBKY05 Psychosis, Convuslion 23.26  Evaluation of anti-anxiety
kiyaka® »>W anxiety activity of D. Stramonium
seeds in mice [60]
Capsicum annuum L., HBKY29 Anxiety Convulsion  2.33 Pharmacological validation of
Ovusewe™OLC the anxiolytic, muscle relaxant
and sedative like activities of
C. annuum in animal model
(61]
Lycopersicum HBKY11 Depression Headache 2.33 Trigonelline through the
esculentum Mill., Attenuation of Oxidative
Tomatoe®“NOLC Stress Exerts Antidepressant-
and Anxiolytic-Like Effects in
a Mouse Model of Maternal
Separation Stress [62]
Solanum HBKY22 Anxiety Convulsion, 30.23 -
macrocarpon, palpitation,
Nyanya™0¢0LC diabetes
Fabaceae 2 Desmodium HBKY28 Anxiety, Convulsion Neuropsychopharmacological
adscendens (Sw.) DC, psychosis 34.88  evaluation of Kalyanakam (an
Ituza®"W Ayuvervedic formulation in
Suiss albino mice [63]
Arachis hypogeaLl.,  HBKY12 Anxiety, Constipation, 27.91  Sedative effects of Arachis
Kalanga majani®" ¢ psychosis  insomnia hypogaea L. stem and leaf
extracts on sleep deprived rats
[64]
Mimosaceae 2 Albisia lebbeck L., HBKY18 Psychosis Vomiting 2.33 Neuropharmacological
Musevere®*¢ Activities of Methanol Extract
of A. lebbeck (L.) [65]
Akasia sieberianaDC, HBKY09 Anxiety, Convulsion 30.23  Medicinal plants used for
Mugenge© psychosis neuropsychiatric disorders
treatment in the hauts bassins
region of Burkina Faso [66]
Zingiberaceae 1 Aframomum HBKYO03 Anxiety  Tachycardia, 11.62  Anti-stress potential of
melegueta K.Schum, convulsion aqueous seed extract of A.
Ndehe®W melegueta [67]
Nymphaeaceae 1 Nymphea lotusL., HBKYO07 Psychosis, Insomnia 9.30 Evaluation of anxiolytic and
Nénuphar®*¥ anxiety antidepressant-like activity of
aqueous leaf extract of V.
lotus [68]
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Continued
Bignoniaceae 1 Spathodea HBKY20 Anxiety Convulsion  4.65 Methanol extract of S.
campanulata P. campanulata P.(Beauv.) leaves
Beauv., Mbina®*V demonstrate sedative and
anxiolytic like actions on
Swiss albino mice [69]
Apiaceae 1 Petroselinum crispum HBKY19 Depression Headache 2.33 -
(Mill.) Fuss, Percil®"V
Dioscoreaceae 1 Dioscorea alata L., HBKY23 Anxiety Convulsion  4.65 New insight in
Kisumbu®*¢ Psychosis neuropharmacological
activities of D. alata [70]
Passifloraceae 1 Passiflora edulis Sims, HBKY14 Anxiety = Insomnia 18.60  Anxiolytic and sedative
Maracuja®"c activities of 2. edulis{.
flavicarpa [71]
Acanthaceae 1 Asystasia gangeticaL., HBKY21 Anxiety Palpitation ~ 2.33 Medicinal plants with
Irungo®°ctW reported anxiolytic and
sedative activities in Nigeria:
A systematic review [72]
Amaranthaceae 1 Celosia trigyna L., HBKY30 Anxiety  Anemia, 11.63 -
Mfungu®eNotW meningitis
Capparaceae 1 Cleome gynandral., HBKY27 Psychosis, Headache, 3488 -
Mgagani®“NvoLW anxiety dizziness
Phytolaccaceae 1 Phytolacca americana  HBKY08 Psychosis Detergent 11.63 -
Kihokolo®"W
Urticaceae 1 Cecropia concolor, HBKY25 Anxiety Palpitation,  2.33 -
Kyungu®*W cough
Rubiaceae 1 Morinda morindoides HBKY13 Depression Hypethermia, 13.95 -
(Baker) Milne-Redh, neuropathy
Kongo Bololo®""
Euphorbiaceae 1 Euphorbia abyssinica HBKY10 Anxiety,  Covulsion, 3721 -
(J.F.Gmel), Kiduha®*¢ psychosis  Parkinson
disease
Vitaceae 1 Cissus rubiginosa HBKY24 Anxiety = Diarrhea 2791 -
(Welw. ex Baker)

;0,LW

Planch, Kayuzi

FI: Frequency index; O: Oral; R: Rectal; BD: Bath of all body; N: Nasal; OC: Ocular; 1: Leave; 2: Seed; 3: Bark; 4: Flower; 5: Root;
W: Wild; V: Vendor; C: Cultivated; n = 43THPs key informants.

The most important MPs for treatment of anxiety in TM of Goma city Pharma-
copeia were Euphorbia abyssinica, Desmodium adscendens (Sw), Cleome gy-
nandra L. and Solanum macrocarpon with UVs > 0.5 (Figure 3(a)). However,
UVs ranged from 0.14 to 0.19 for the plants used to treat depression. The most
important MPs for treatment of depression in TM of Goma city Pharmacopeia
were Conyza sumatrensis, Emilia coccinea (Sims) and Ocimum basilicum with
UVs (>0.15) (Figure 3(d)).
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Figure 2. Indigenous MPs used in the management of MIs. Key: (a) Proportion of MPs used to treat MIs; (b) part
used; (c) place of collection; (d) method of preparation; (e) routes of administration; (f) treatment duration; (g)
method of diagnosis; (h) sources of knowledge.

The informant agreement ratio of plants used to treat anxiety ranged from
0.57 to 0.91. Cissus rubiginosa, D. adscendens (Sw), Passiflora edulis, and Akasia
sieberiana were associated with highest level of IAR (>0.8) (Figure 3(b)). They
represented the species with the highest level of consensus for their use as a re-
medy for anxiety. However, C. sumatrensis, E. coccinea (Sims) and O. basilicum
represented the species with the highest IAR level (>0.15) (Figure 3(e)). They

represented species with high level consensus for their use for depression.

4.4.2. Informant Consensus Factor (ICF) and Species Therapeutic
Potential (STP%)

Informant consensus factors were 0.87 for anxiety and 0.77 for depression. Two
species with highest STP % for anxiety identified and considered as having effective
therapeutic potential included E. abyssinica and C. gynandra (Figure 3(c)). Two
species with highest STP % for depression identified and considered as having
effective therapeutic potential included C. sumatrensis and E. coccinea (Sims)
(Figure 3(f)).
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Figure 3. Ranking of priority plant species used in management of anxiety and depression. Key: (a)

UV is use value of species used in management of anxiety; (b) IAR is informant agreement ratio of

species used in management of anxiety; (c) STP is species therapeutic potential of plants used in
management of anxiety; (d) UV is use value of species used in management of depression; (e) IAR is

informant agreement ratio of species used in management of depression; (f) STP is species thera-

peutic potential of plants used in management of depression.

4.5. Traditional Medicine Knowledge (TMK)

Training was reported by more than half (>50%) of THP as source of TMK.

While inheritance from forefathers was reported by 23.26% of THP as source of
TMK. Patient’s story (60.46%) and absence of MIs crisis (58.14%) were most re-

ported methods of diagnosis and recognition of healed patient respectively.
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There were no statistically significant differences (p > 0.05) between gender
and Goma city TMK (based on number of reported medicinal species for de-
pression, anxiety and psychosis). Also, there were no statistically significant dif-
ferences (p > 0.05) between religions and Goma city TMK on MPs used for de-
pression, but there were statistically significant differences between religions and
Goma city TMK on MPs used for anxiety and psychosis. Positive Spearman cor-
relation (p < 0.05) were found between experience and age as well as experience
and TMK on MPs used for depression, anxiety and psychosis (p < 0.05). Also,
positive Spearman correlation (p < 0.05) was found between source of know-
ledge from forefather and TMK on MPs used for depression. Nevertheless,
training and education level did not influence TMK (p > 0.05).

5. Discussion

5.1. Taxonomic Diversity

This study documented many plant species distributed in various families used
as indigenous herbal medicines for management of MIs in Goma city. The fami-
lies representing most species used in management of MIs included Asteraceae,
Lamiaceaand Solanaceae.

The frequent use of plant species of Asteraceae family in TM of the Goma city
to treat MIs is probably due to their psychopharmacological activities. Indeed,
according to Guenne et al. [38] plant species of Asteraceae family have phyto-
chemical compounds that would have cholinergic, dopaminergic or serotoni-
nergic system actions, which are major systems involved in the manifestation of
neuropsychiatric disorders.

Plants species of Lamiaceae family are most used in TM of Goma city proba-
bly due to its pharmacological importance reported by Farzaneh et al [39], espe-
cially their neurotropic activity as reported by Zvezdina et al. [40].

The explanation of the widespread use of species belonging to the Solanaceae
is probably related to the fact that the family is source of tropane alkaloids in-
cluding atropine, hyoscyamine and scopolamine, that are among the oldest
drugs used in medicine due to their anticholinergic activity [41] [42]. Also, var-
ious pharmacological studies have demonstrated anxiolytic and antidepressant
activities of species of Solanaceae family [43]. However, Solanaceae is comprised
of several species that are toxic, and sometimes lethal to mammals, in particular
to man [44].

5.2. Common MPs Used in Management of MIs in Goma City

Despite the fact that none of 30 MPs was associated with high FI >50%, high RSI
was observed in the use of common species for MIs between THPs key infor-
mants from both Goma and Karisimbi communes.

The similarity of the use of common species for MIs is probably explained by
the fact that training was reported as common source of knowledge by majority
of THPs. Additionally, the high RSI may be linked to the fact that the two com-
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munes belong to the same phytogeographical environment and share more or

less the same ecoclimatic and edaphic conditions and common realities [20].

5.3. Indigenous MPs Use in Management of Mls

Findings revealed that MPs used for anxiety were the most frequently cited than
those used for psychosis and depression probably due to the fact that anxiety is
one of commonest MIs in regions affected by war conflict such as NK as re-
ported by WHO [4].

The majority of plant species used for psychosis are also used for anxiety. This
is because the management of psychosis requires sedation for patient presenting
agitation. It has been reported that some anxiolytic conventional drugs such as
benzodiazepines decrease acute psychosis and have proven efficacy for agitation
[45]. Also, it is established that atypical antipsychotic drugs possess multimodal
mechanism of action including modulation of serotonin (5-HT), norepineph-
rine, histamine neurotransmission that underlies their benefs in mood and an-
xiety disorders [46]. However further studies are needed to elucidate the efficacy
of these plants in anxiety and psychosis.

Leaves, decoction and oral ingestion were the most reported plant part used,
method of preparation and mode of administration respectively. The preference
medicinal use of leaves could probably be because they are easily and conve-
niently harvested [47], also they are the site par excellence of biosynthesis and
storage of secondary metabolites, responsible for biological plant properties [48]
[49]. Oral route is most preferred in TM of Goma Goma city probably due to the
fact that it is noninvasive, high patient compliance, convenient to handle and
does not require any specific conditions [50]. Decoction is used as method of
preparation of most MPs for MIs in Goma city probably due to its easy prepara-
tion processes and probable ability to enhance the dissolution of some bioactive
compounds compared with other methods of preparation such as maceration
[51]. Wild MP collections were the mostly used in management of MIs due to
the fact that overall DRC is rich in natural forests with various MPs [17] but al-
so, probably due to the location of Goma city near Virunga national park reach
in biodiversity. Overall, the duration of treatment of various MIs in TM was
shorter (<1 month) than that recommended by guidelines for pharmacotherapy
of those ailments [52] [53]; due to claim that MPs might be most efficacious
than conventional drugs [18]. However, experimental studies are needed for

evidence of this claim.

5.4. Relative Importance of a Given Plant

Euphorbia abyssinica, D. adscendens, C. gynandra and S. macrocarpon were re-
ported as the most important MPs for anxiety in traditional medicine of Goma
city Pharmacopeia. Also, C. sumatrensis, E. coccinea and C. basilicum were re-
ported in the study as the most important MPs for depression in TM of Goma
city Pharmacopeia. However, C. rubiginosa, D. adscendens, P. edulis, and A. Sie-
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beriana represented the species with the highest level of consensus for their use
by THP as remedies for anxiety.

Indeed, the present study analysis demonstrated that E. abyssinica had highest
STP%. Latex from E. abyssinica has been reported to have antibacterial and an-
tifungal activities [73]. The medicinal effects of the plant are mainly confined to
its latex and roots [74]. However, it is rather classified as a poisonous plant by
the Food and Drug Administration of the United States of America [75] and no
much is known on its use as drug against MIs. Pharmacological and toxicologi-
cal studies are needed to justify its use against MIs in TM of Goma city.

Desmodium adscendens is a plant which has been scientifically proven for its
diverse positive CNS pharmacological activities. Its ethanolic extract has been
proven to induce hypothermia, possessed analgesic effect and reduced the tonic
phase of convulsion, and eventually mortality in PTZ-treated mice [76]. Ac-
cording to the authors, the plant species extract might act through the opioider-
gic, adrenergic systems, adenosine triphosphate (ATP)-sensitive K+ channels,
and the serotoninergic pathways to ameliorate pain in murine models that
probably explain its use as MIs therapy in TM of Goma city.

Several research reveal that C. gynandra possesses a huge range pharmacolog-
ical applications, including anti-inflammatory, free radical scavenging, as well as
its analgesic activities [77] [78]. Also, scientific perusal reveals that different parts
of the plant are of immense medicinal importance which may prove its traditional
use in DRC. Among species of Cleome genera, studies conducted by Sana et al
[79] and Tabariyeng [80] concluded that Cleome brachycarpa possesses anxi-
olytic and CNS depressant effect after acute dosing. Despite its high SPT% re-
vealed by this study, to date, there is not much research investigation for phar-
macological importance of C. gynadra for Mls. Thus, psychopharmacological
studies are suggested to explain its use in management of MI in Goma city.

Study conducted by Eletta et al [81] and Ozioko and al. [82] showed that the
aqueous extract of 8. macrocarpon leaf has dependent significant antioxidant
property on the experimental rats. Also, the study conducted by Oluwagunwa et
al. [83] revealed the antihypertensive activity of the plant species in rats due to
activities of renin and angiotensin converting enzyme to varying extents. Psy-
chopharmacological study of the plant species was also suggested to elucidate its
use in TM of Goma city as therapeutic agent against MIs.

Conyza sumatrensis has demonstrated antimalarial activity through in-vivo
evaluation in Plasmodium berghei infected mice through the study that was
conducted by Pone and Anirba [84]. The study conducted by Olapeju et al. [85]
showed antimicrobial activity of the plant. However, no literature was found re-
garding its antidepressant activity.

Simplice et al [86] reported neuroprotective and memory improvement ef-
fects of E. coccinea in animal models. Thus, the folkloric usage of this plant for
the treatment of MIs is probably justified by those previous studies.

The indigenous use of O. basilicum in management of MIs in Goma city is
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probably supported by varieties of experimental models that has demostreted the
CNS depressant and anticonvulsant activity of the essential oil of the plant spe-
cies obtained from leaves. According to Khair-ul-Bariyah et al [87], the CNS
depressant activity could be mediated by central GABAergic receptors.

Regarding plant species with highest level of consensus for anxiety, C. rubigi-
nosa root extract possesses stimulant CNS function suggested by decreasing ex-
ploratory actions, its methanol root extract comprises saponins that exhibit po-
werful sedative action and also suppress spontaneous motor action in mice [88].
The study conducted by Xirui et al [89], suggested that P. edulis possess antide-
pressant activity related exclusively to regulate serotonergic and dopaminergic
transmission such as 5-HT, catecholamine and D, receptor. Akasia sieberiana
has been reported to possess anti-inflammatory and anti-nociceptive pharmaco-
logical activities. According to Archer et al [90], its anti-nociceptive effect may
relatively be attributed to interactions with muscarinic cholinergic, adenosiner-
gic and opioidergic system. The study revealed that the plant species possesses
anxiolytic and sedative activities.

Medicinal knowledge

There were no statistically significant differences between gender and Goma
city TMK. This finding is contradictory to previous studies showing that, in
general, women know more than men about MPs [91]; some authors suggest
that this is because men are more exposed to losing ethnobotanical plant know-
ledge than women [92]. Women’s work activities in home gardens and as pri-
mary family health caregivers might explain this literature finding [93] [94]. The
explanation of the finding from Goma city is probably residing in fact that more
than half (55.56%) of THPs, have their source of TMK from training that might
be the same for both sexes.

Statistically significant differences between religions and of Goma city TMK
Goma city for anxiety and psychosis may be explained by the fact that majority
indigenous African communities believe that most cases of MIs have superna-
tural causes such as sorcery, curses and punishment from the deity [95]. Ac-
cording to IRBC [9] many Congolese believe in religion for treatment of MI.

Positive Spearman correlations were found between experience and age as
well as experience and TMK for depression, anxiety and psychosis. Elders THPs
tended to gain experience and to know more about MPs than younger THPs. Sev-
eral other authors found the same tendency in their studies about MP knowledge
in different parts of the world [96] [97] [98]. Reasons are that with progressive
age, people have more time to accumulate knowledge and, therefore, show greater
MP knowledge than the younger generation [99]. Other authors associate the
lesser knowledge in the younger population in ongoing socio-economic and
cultural changes [100].

Also, positive Spearman correlation was found between source of knowledge
from forefather and TMK. According to some authors, TMK is mostly tacit in

nature and is passed on from one person to another [101]. Elders are considered
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to be the legitimate custodians of this knowledge which was handed down to
them by their ancestors, and they are in turn expected to pass it on to others
[102]. This probably explains the fact that TMK of Goma city is most influenced
by forefather’s knowledge.

Finding of the study revealed that training and education level did not influ-
ence TMK for depression in Goma city. The same result has been linked to that
rapid socio-cultural changes due to globalization processes. Increased accessibil-
ity to health centers and improved transportation infrastructure result in a loss
of ethnobotanical knowledge [103]. Additional explanation regarding TMK of
Goma city is probably the lack of integration of TM in general curriculum of
education of DRC.

6. Conclusion

Results prove that interesting MPs species are used by TM of Goma city against
MIs. Thirty MPs species classified in 29 genera and 19 families are used in indi-
genous medicine of Goma city to manage MIs. A high similarity was observed in
the use of common species for MIs between THPs key informants from both
Goma and Karisimbi communes. Among MPs used in Goma city, the two prior-
ity plant species for anxiety include E. abyssinica and C. gynandra L. Also, the
two priority plant species for depression include C. sumatrensis and E. coccinea.
The priority MPs could be further studied for pharmacological applications and
safety.
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