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Introduction: Obesity is increasing worldwide. Due to the unavailability of affordable obesity drugs in most parts of Nigeria,
many overweight and obese people rely on medicinal plants to manage obesity. Thus, the aim of this study is to document
medicinal plants traditionally used in the treatment and management of obesity in the North Central Zone of Nigeria, determine
the plants to which pharmacological assessment of their use in obesity management has not been reported, and assess their toxicity
based on the literature.

Methods: Semistructured questionnaires and interviews were used to assess sociodemographic information of the 700 herb
sellers/practitioners (100 for each state) who consented to participate in the study. Information gathered on plants that are
traditionally used in the management of obesity included administration/dosage, method of preparation, plant part used, method
of growth, and plant type. The field study was conducted over a one-year period, from March 2018 to March 2019. Reports of
pharmacological activity pertaining to obesity as well as toxicity of the plants were obtained from the literature via scientific
databases (Scopus, Web of Science, PubMed, Google Scholar, SciFinder, AJOL, PubChem, and other web sources) after the field
survey.

Results: A total of 39 families and 70 plant species were used to treat or manage obesity. The majority of plant species used resulted
in the family Leguminosae. The relative frequency of citation (RFC) and percentage values for the five most frequently used plants
were as follows: Citrus aurantifolia (0.0500; 3.56%), Citrus limon (0.0457; 3.26%), Garcinia kola (0.0429; 3.05%), Zingiber officinale
(0.0429; 3.05%), and Allium sativum (0.0414; 2.95%). The majority of the medications were prepared as decoctions (50.5%), and
cultivated plants (62.86%) were in the majority of plants used. Results showed that 23 plants have no pharmacological report for
antiobesity activities while among the five frequently used plants, only Garcinia kola was reported toxic in preclinical models.
Conclusions: This paper provides a valuable compilation of the plants used in obesity treatment in the study area by indigenous
healers, highlights plants with no reported pharmacological activity pertaining to obesity, and indicates the toxicity profile of used
plants. However, further studies on the mechanism of action are warranted, especially where no reports were obtained.
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1. Introduction

Obesity is an increasing public health problem in Africa [1].
Although undernutrition is still persistent in Africa, there is
a rising prevalence of overnutrition, especially in children
younger than 5years of age [2] and people older than
18 years [3]. Obesity is defined as the disproportionate ac-
cumulation of adipose tissue that is detrimental to a person’s
health [4]. This may result in the development of insulin
resistance, type 2 diabetes mellitus, heart-related diseases,
osteoarthritis, and sleep apnea [5-7].

In Africa, overweight/obese children doubled in number,
increasing from 5.4 million in 1990 to 10.3 million in 2014
[8]. Globally, over 650 million adults were reported to be
obese [9] and more than 1.9 billion overweight [8]. Fur-
thermore, overweight/obese children and adolescents (aged
5-19) accounted for 340 million incidences in the same
year [8].

National data on obesity trends in Nigeria are scarce, and
existing studies report obesity prevalence only for pockets of
Nigeria’s population. In Maiduguri, the capital of Borno
State in North-East Nigeria, the prevalence of obesity was
reported as 8.1% [10], compared to 22.2% in Lagos State
(South-West Nigeria), the commercial hub of Nigeria [11].
Overweight individuals were reported to present between
20.3% and 35.1% in Nigeria in 2013 [12]. In the latest account
by Akarolo-Anthony et al. [13], approximately two-thirds of
professional and high socioeconomic status Nigerian adults
living in urban cities, particularly Abuja (North-Central
Nigeria), were either overweight or obese. The latter is in-
dicative thereof that there is an increase in the prevalence of
obesity over the last decade.

Factors that have led to an increase in obesity in Nigeria
include wurbanization, increased socioeconomic status,
consumption of high-energy-density foods, and less physical
activity due to mechanized transport [1, 3, 14]. An exac-
erbating cause of the obesity situation in Africa is the an-
tiquated traditional African conception of affluence, which
connotes that obesity in women is an indicator of the
family’s material abundance [15]. In the past, Nigerian
women were less concerned about their weight; in fact,
skinny young women were made fat before they were
allowed to marry their husbands [16]. Increased awareness
regarding the health consequences of obesity across the
country appears to be gradually eroding the cultural belief
that obesity is associated with affluence or is indicative of
good living [13, 17].

People who are overweight or obese are consistently
searching for orthodox or traditional medicines which can
be used to reduce weight. Orthodox medications for the
treatment and management of obesity such as orlistat, lir-
aglutide, lorcaserin, naltrexone-bupropion, and phenter-
mine-topiramate are available [4, 18]; however, these drugs
are very expensive and not affordable to the majority of
people living in African countries. This has led to many
seeking alternatives in the form of traditional or herbal
medicines [19].
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The documentation of medicinal plants used in the
herbal management of obesity has been attempted in the
South West Zone of Nigeria, particularly Lagos State [20, 21]
and also in the Nomad and Hunter Communities of Burkina
Faso [15]. However, these studies were not comprehensive
and limited in their objectives. Thus, the aim of the study was
to document medicinal plants used by herbal practitioners
and herb sellers in the North Central and West Zones of
Nigeria for the management of obesity. The objectives in-
clude (i) to ascertain the demographic characteristics of herb
sellers and practitioners for the management of obesity in
the study area, (ii) to identify and document the medicinal
plants used for the traditional management of obesity by
herbal practitioners and herb sellers in the study area, (iii) to
identify the most common and popularly used medicinal
plants for the treatment and management of obesity in the
study area, (iv) to determine the plants to which pharma-
cological assessment of their use in obesity management has
not been reported based on the literature, and (v) to assess
the toxicity of identified medicinal plants used for the
treatment and management of obesity in the study area
based on the literature.

This study is significant as it would update the current
knowledge of medicinal plants used traditionally in the
management of obesity in Northern Nigeria and by ex-
tension in Africa. It would identify the plants whose anti-
obesity properties have not been reported among the plants
identified to be used traditionally to treat or manage obesity.
The study presents comprehensive work done on the tra-
ditional management of obesity using herbs including
identifying the toxicity profile of the plants with which
readers could draw an inference as to the plants that require
further studies for their antiobesity and toxicological studies.

2. Materials and Methods

2.1. Study Area. Nigeria is a country located in West Africa
and covers a total area of 923,768 km? (356,669 sq mi). It
shares borders with Niger in the north, Chad and Cameroon
in the east, and Benin in the west. Nigeria is a large country,
extending between latitudes 4° and 14°N, and longitudes 2°
and 15°E. It consists of 36 states and the Federal Capital
Territory (FCT), Abuja. These states are grouped into six
geopolitical zones based on similar history, cultures, lan-
guages and close territories, and also for administrative
purposes. The 6 geopolitical zones are North West (7 States),
North Central (7 States), North East (6 States), South West
(6 States), South-South (6 States), and South East (5 States).
This study was carried out in the North Central Zone states
(Niger, Kwara, Kogi, Nasarawa, Plateau, Benue states, and
the FCT, Abuja).

The seven states in the North Central Zone are situated
geographically in the middle belt region of Nigeria, begin-
ning from the west across the confluence of the River Niger
and the River Benue to the east (Figure 1). The region has an
abundance of natural land features, hills, highlands, and
arich agricultural region. The FCT Abuja is where the seat of
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the government of Nigeria is strategically located at the
center of the country while Benue is often thought of as the
“food basket of the nation” due to its rich agricultural ac-
tivities compared to other states. The Savannas of Niger,
Plateau, Nasarawa, and FCT trail into the rain forests found
partly in other states like Kwara, Kogi, and Benue. The
climate in the North Central is equatorial, with apparently
expressed rainy seasons and an average annual temperature
of about 30°C. The population of Nigeria is estimated to be
193,392,517 persons in 2016 based on the population census
conducted in 2006 by the National Population Commission
[22]. The population forecasts by states for states in the study
area are Benue (5,741,815), FCT (3,564,126), Kogi
(4,473,490), Kwara (3,192,893), Nasarawa (2,523,395), Niger
(5,556,247), and Plateau (4,200,442).

2.2. Field Interviews. The study was conducted over a one-
year period, from March 2018 to March 2019, and included
field interviews with herb sellers and herbal practitioners to
document medicinal plants traditionally used in the
treatment of obesity or to enhance weight loss. The re-
cruitment of participants was in some cases facilitated by
village heads, ward heads, and key informants to locate
herbal practitioners and sellers and involved face-to-face
interactions. The objectives and interview procedure of the
survey were explained to the participants in their native
language and in some cases with the aid of an interpreter
before verbal consent was obtained. Participants were se-
lected randomly (irrespective of gender and age) and were
only allowed to participate if verbal consent was given.
Participants were interviewed using semistructured ques-
tionnaires and interview questions designed for the col-
lection of information sought. One hundred interviews
were conducted in each of the 7 states selected for this
study. Sociodemographic information noted included age,
gender, educational level, and trade as indicated in Table 1.
With regard to the plants used in the treatment of obesity,
information recorded included administration/dosage,
method of preparation, plant part used, method of growth,
and plant type.

2.3. Plant Collection and Identification. The medicinal plants
used for the treatment of obesity were collected or bought
from herb sellers/practitioners. The identification and
authentication of the plants were carried out with the
assistance of a taxonomist at the University of Agriculture,
Makurdi, Benue State, Nigeria and Bingham University,
Karu, Nasarawa State, Nigeria. Voucher specimens were
prepared and deposited at the herbarium of the University
of Agriculture. The plant names and families were verified
on https://www.theplantlist.org before inclusion in
the study.

2.4. Plant Pharmacological and Toxicological Activities.
The information on plant pharmacological and toxico-
logical activities that are associated with their antiobesity
and toxicity activities was found in the literature via

scientific databases (Scopus, Web of Science, PubMed,
Google Scholar, SciFinder, AJOL, PubChem, and other
web sources such as the Plant List, Kew Botanical Garden,
and PROTA).

2.5. Data Analysis. The ethnobotanical survey data were
analyzed using descriptive statistical methods of fre-
quencies and percentages. Data on the frequency of ci-
tation (FC) of the plants used for obesity treatment were
recorded. Data on the FC of the plants used for obesity
treatment were analyzed as the relative frequency of ci-
tation (RFC) and percentage value. The relative impor-
tance of a particular plant species was determined by
calculating RFC according to Tardio and Pardo-de-
Santayana [23], and the RFC =Fc/N, where N is the total
number of respondents and Fc is the number of re-
spondents who cited a particular plant species. The per-
centage value of plant or percent FC showed the most
important plant species used for obesity management
which was calculated as % value = (Fc/n) x 100 [24], where
n is the total number of citations of all the species and Fc
represented use reports or FC of a particular plant species.

3. Results

3.1. Sociodemographic Information of the Informants
Interviewed. A total of 700 informants from 7 states were
interviewed to collect information on traditional medicinal
plants used for the treatment of obesity (Table 1). A larger
proportion of men (66.1%) constituted the study population.
Most of the informants fell in the age bracket of 36-59 years
(58.0%). Most respondents had attained primary education
(47.0%); however, no form of education was documented in
30.3% of respondents and training was obtained by relatives.
Respondents were rather herb sellers than herbal practi-
tioners (Table 1).

3.2. Distribution of Plant Species and Families. A total of 39
families and 70 plant species were used to treat or manage
obesity in the North Central States (Table 2). The family with
the highest representation in terms of the number of species
is Leguminosae (10 species), followed by Cucurbitaceae (8
species). Other plant families in the study include Apoc-
ynaceae, Arecaceae, Capparaceae, Combretaceae, Cucurbi-
taceae, Leguminosae, Malvaceae, Meliaceae, Moringaceae,
Pedaliaceae, Poaceae, Rhamnaceae, Rubiaceae, and
Rutaceae.

3.3. Method of Preparation and Plant Parts Used. Among the
varjous parts of the plants used for obesity treatment, the
leaves of 29 plants, fruits of 21, and seeds of 14 were used
most frequently (Table 2). Roots (8 plants), stem (5 plants),
and stem bark (5 plants) were also used often. The most
common way plants were prepared was as a decoction
(50.5%), followed by juicing (21.2%), maceration (19.2%) in
alcohol, and powdered form (9.1%).
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Figure 1: North Central Zone of Nigeria.

3.4. Domestication Status and Life Forms of Medicinal Plants.
Most of the recorded plants used for obesity treatment/
management were cultivated (62.9%) with 14.26% found in
the wild, and 22.9% representing both cultivated and found
in the wild. Furthermore, most were herbs (57.1%), with
34.3% and 8.6% being trees and shrubs, respectively. A larger
number of the plants are bought directly from the herbal
stores or markets for the preparation of medicinal formu-
lations, specifically 51 plants, others are acquired with the
assistance of herbal practitioners, and these plants include
Adansonia digitata, Alstonia boonei, Anthocleista vogelii,
Azadirachta indica, Boscia senegalensis, Ceratotheca ses-
amoides, Chrozophora senegalensis, Cinnamomum verum,
Citrus limon, Cochlospermum tinctorium, Commiphora af-
ricana, Cymbopogon citratus, Detarium senegalensis, Guiera
senegalensis, Heinsia crinita, Khaya senegalensis, Luffa
aegyptiaca, Prosopis africana, and Ziziphus jujube.

3.5. Dosage and Route of Administration. Informants re-
terred to the quantity of prepared herb used as a cup (which
meant a minimum of 250 mL), half a cup (< 100 mL), or
a small cup (< 50mL). The plants are consumed mainly
through the oral route (Table 2), and external use of the
prepared plants’ parts such as dermal application, body bath,
soaking, or steaming methods was not reported.

3.6. FC, RFC, and Percentage Values of Plants. The RFCs of
the plants species with above 20 FCs are Allium sativum
(0.0414), Aloe vera (0.0357), Cinnamomum verum (0.0329),
Citrus aurantifolia (0.0500), Citrus limon (0.0457), Cucu-
mis sativus (0.0300), Fragaria vesca (0.0386), Gongronema
latifolium (0.0300), Garcinia kola (0.0429), Hibiscus sab-
dariffa (0.0314), Ocimum gratissimum (0.0286), Pter-
ocarpus mildbraedii  (0.0371), Vernonia amygdalina
(0.0300), and Zingiber officinale (0.0429). The majority of
plant species used resorted in the family Leguminosae (10
species), followed by Cucurbitaceae (8 species). The per-
centage values for the top five plants used were Citrus
aurantifolia (3.56%), Citrus limon (3.26%), Garcinia kola
(3.05%), Zingiber officinale (3.05%), and Allium sativum
(2.95%).

3.7. Antiobesity Pharmacological Effects of the Plants.
Plants identified for their traditional medicinal uses
against obesity with no report on their antiobesity
pharmacological effects in the literature include Acacia
nilotica, Beta wvulgaris, Boscia senegalensis, Capsicum
chinense, Ceratotheca sesamoides, Chrozophora senegal-
ensis, Cochlospermum tinctorium, Commiphora africana,
Detarium senegalensis, Fragaria vesca, Garcinia kola,
Gnetum africanum, Gongronema latifolium, Guiera
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TaBLE 1: Demographic characteristics of interviewed informants
(N=700).

Participant data Number %
Gender
Male 463 66.1
Female 237 33.9
Age (yr)
18-35 102 14.6
36-59 406 58.0
> 60 192 27.4
Educational level
Primary 329 47.0
Secondary 151 21.6
Tertiary 8 1.1
None 212 30.3
Participant trade
Herbal practitioners 267 38.1
Herb sellers 433 61.9

senegalensis, Heinsia crinita, Luffa aegyptiaca, Mentha
pulegium, Momordica balsamina, Piper guineense, Pro-
sopis africana, Senna occidentalis, and Vigna subterranea.

Antiobesity activity has been reported for some of the
documented plants and this has been summarized (Table 3).
Some plants have been well researched for their weight loss
abilities (including mechanism of action) and include Allium
cepa, Allium sativum, Aloe vera, Capsicum annuum, Cin-
namomum verum, Citrullus colocynthis, Citrus aurantifolia,
Citrus limon, Citrus paradise, Cocos nucifera, Cucurbita
ficifolia, Curcuma longa, Glycine max, Hibiscus sabdariffa,
Ipomoea batatas, Irvingia gabonensis, Momordica charantia,
Moringa oleifera, Myristica fragrans, Persea americana, Piper
nigrum, Psidium guajava, Spinacia oleracea, Tamarindus
indica, Tetrapleura tetraptera, Vernonia amygdalina, and
Zingiber officinale.

3.8. Toxicity Profile of Plants. Reports on toxicity screening
of the plant extracts and fractions using various in vitro and
in vivo models have been summarized (Table 4). There were
61 plants that had LDs, values > 2000 mg/kg when ad-
ministered either orally or intraperitoneally to rats and/or
mice. The plants with LDsq values < 2000 mg/kg were fewer,
and it is important to note that majority of the plants in this
category were administered intraperitoneally in mice:
Commiphora africana, Cucurbita ficifolia, Cocos nucifera,
Cochlospermum tinctorium, Gongronema latifolium, Khaya
senegalensis, Prosopis africana, and Tetrapleura tetraptera;
on the other hand, oral acute toxicity studies revealed
Citrullus colocynthis was toxic in rats, while Garcinia kola
and Guiera senegalensis were toxic in mice (Table 4).
Plants that were reported as toxic in rodents in subacute
toxicity studies (administration between 14days and
30 days) can be categorized in function as doses: < 300 mg/kg
(Cucurbita pepo stem, Citrullus colocynthis seeds, Azadir-
achta indica bark, and Vernonia amygdalina leaves);
500-1000 mg/kg (Acacia nilotica roots, Glycine max oil,
Gnetum africanum leaves, Guiera senegalensis roots & leaves,
Mpyristica fragrans mace, Ocimum gratissimum leaves,

Psidium guajava bark, Persea americana seeds, Aloe vera gel,
Ipomoea batatas roots, Lycopersicon esculentum leaves, and
Moringa oleifera leaves and seeds); and > 2000 mg/kg
(Mentha pulegium fruits).

Toxicity studies, conducted for a period between 30 and
60 days, revealed that more plants were toxic to rodents at
concentrations of < 500mg/kg including Citrullus colo-
cynthis fruit, Murraya koenigii leaves, Citrus aurantifolia oil,
Citrullus colocynthis fruit, Vernonia amygdalina leaves,
Citrus paradise fruit, Alstonia boonei stem bark, Tetrapleura
tetraptera pods, and Aloe vera leaves, whereas Zingiber
officinale rhizome was toxic at 2000 mg/kg. No toxicity
report was found for Momordica balsamina and Vigna
subterranean.

4. Discussion

4.1. Sociodemographic Information of the Informants
Interviewed. A larger proportion of men constituted the
study population as informants for traditional medicinal
management of obesity. The reason may be that the majority
of female herbalists are rather focused on maternal health
care [595]. Most of the informants fell in the age bracket of
36-59 years. The age distribution was based on Nigeria’s
definition of youth being persons aged 18-35 years [596] and
the elderly being 60years and above [22]. Although it is
generally assumed that elderly people are the major cus-
todians of traditional knowledge [597], in this study, the
majority of participants were recorded as being between 36
and 59 years of age. Most respondents had attained primary
education and were rather herb sellers than herbal
practitioners.

4.2. Distribution of Plant Species and Families. The family
with the highest representation in terms of the number of
species is Leguminosae (10 species), followed by Cucurbi-
taceae (8 species) out of a total of 39 families and 70 plant
species used to traditionally manage obesity in the North
Central States. A similar distribution of plant species among
plant families has been reported for medicinal plants used
for traditional maternal healthcare in Katsina State, Nigeria
[595]. Among the 39 plant families, Euphorbiaceae, Myr-
taceae, Piperaceae, and Rhamnaceae have been previously
reported to contain plant species traditionally used to treat
obesity [598]. Pare et al. [15] also documented plant species
used in Burkina Faso to treat obesity. The findings on the
plant families mentioned in the later study were similar to
what is documented in the current study as well as in another
study by Odukoya et al. [7] on medicinal plants used in
treating cardiovascular diseases and associated risk factors,
and the families include Apocynaceae, Arecaceae, Cappar-
aceae, Combretaceae, Cucurbitaceae, Leguminosae, Malva-
ceae, Meliaceae, Moringaceae, Pedaliaceae, Poaceae,
Rhamnaceae, Rubiaceae, and Rutaceae.

4.3. Method of Preparation and Plant Parts Used. The leaves
of the plants were the most frequently used and decoction
was the commonest method of preparation as was reported
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in other studies [599, 600]. In traditional medicine, leaves are
widely used because they are relatively more abundant,
available, and accessible in nature compared to other plant
parts. The decoction method of preparation is widely used in
traditional medicine for harnessing the beneficial effect of
plants [601, 602]. Decoctions appear to be easier to ingest for
the required number of times per day for a given length of
treatment [603]. Furthermore, decoctions are commonly
used as it is believed that boiling water extracts more active
ingredients from the plants. Additionally, individuals who
are conscious of their religion, mostly Muslims and a few
Christians, prefer decoction as their religion does not permit
them to consume alcohol. Powdered herbs were mostly
mixed and/or dissolved in tea, fura da nono (cow milk), kunu
(local drink made of sorghum), and zobo (local drink made
of H. sabdariffa), i.e., as liquid foods.

4.4. Domestication Status and Life Forms of Medicinal Plants.
There were more herbs than trees and shrubs used for
obesity treatment/management, as well as more cultivated
plants than those found in the wild. Since cultivated herbs
are more in demand [604], there is little danger posed to the
plants’ biodiversity due to over usage and overexploitation as
the plants could be cultivated in large farmlands. Herba-
ceous plants were found to have constituted the majority of
traditional medicinal plants used in the treatment of obesity
which is in line with other studies for various ailments
[605, 606], although some have reported the use of shrubs
than herbs [607, 608].

4.5. Dosage and Route of Administration. In this study, ef-
forts were made to get specific information about the
dosage of administration from the informants; however,
the information provided concerning quantity adminis-
tered during medication was limited and many times
nonspecific. For example, reference was made to the
quantity of prepared herb used as a cup (which meant
a minimum of 250 mL), half a cup (< 100 mL), or a small
cup (< 50 mL). When informants referred to the dosage as
a small cup, they meant a standard small glass cup used for
drinking hot drinks, which is gin in Nigeria. Although
many informants specified the quantity in terms of the
volume of decoction or juice used, there were gaps in the
exact concentration. This is a serious concern for educated
professionals who want to consume herbs as they are
deterred because of the knowledge that some plants taken
at a high dose may be harmful to their health [595]. The
plants are consumed mainly through the oral route [609],
and external use of the prepared plants’ parts such as
dermal application, body bath, soaking, or steaming
methods was not reported. This corroborates with an
earlier study which had shown that most plants used for
weight reduction were mainly taken orally [15].

4.6. Percentage Values of Plants. Local inhabitants have used
various plant species for managing or treating different
ailments [610] and this study recorded the different species
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used in the traditional management of obesity. Some of the
plant species which had a FC above 20 or were among the
top plants used for traditional management of obesity based
on their percentage values have been reported in the liter-
ature. For example, Hibiscus sabdariffa has been reported to
be used for weight reduction purposes in South Brazil by
herbalists [598].

Other plant species identified in this study and reported
to be used in Burkina Faso to treat obesity include Acacia
nilotica, Adansonia digitata, Azadirachta indica, Ceratotheca
sesamoides, Citrullus colocynthis, Citrus aurantifolia, Com-
miphora africana, Hibiscus sabdariffa, Khaya senegalensis,
and Tamarindus indica [15]. Approximately 15% of the plant
species found in the North Central States in Nigeria are
similar to those reported from Burkina Faso, which suggests
similar traditions between the two West African Countries
and could also indicate the need for sharing information to
expand the knowledge horizon of traditional medicinal
plants for obesity treatment in Africa.

Ethnobotanical uses of some of the medicinal plants
recorded in this study for the purpose of obesity manage-
ment have been previously reported. These plants/herbs
include juiced Allium cepa with wine and honey [611];
infused Allium sativum seeds/clove [20]; juiced Aloe bar-
badensis leaves [612]; decoction of Alstonia boonei leaves
[613]; decoction of Carica papaya leaves, fruit, seeds, and
roots [613, 614]; decoction of Citrus lanatus fruit and roots
[20, 613]; infused and juiced Citrus aurantifolia fruit
[20, 613]; maceration and infusion of Curcuma longa rhi-
zome [615]; Psidium guajava leaves [20]; decoction of
Vernonia amygdalina leaves [613]; and decoction and juice
of Zingiber officinale rhizome [613].

4.7. Antiobesity Pharmacological Effects of the Plants.
Plants identified for their traditional medicinal uses against
obesity with no report on their antiobesity pharmacological
effects in literature were 23 plants including Acacia nilotica,
Boscia senegalensis, Chrozophora senegalensis, Commiphora
africana, Detarium senegalensis, Guiera senegalensis, Heinsia
crinita, Momordica balsamina, and Senna occidentalis. This
presents a scientific gap in the search for a cure for obesity
from medicinal plants and there is a need to fill up this gap.
Other plants such as Adansonia digitata, Azadirachta indica,
Brassica nigra, and Ocimum basilicum have scanty reports
about their pharmacological effects as related to obesity.
These plants need to be well researched for their antiobesity
pharmacological effects to discover antiobesity extracts/
bioactive agents and/or give credence to their traditional
medicinal uses.

Reports of the antiobesity activity for some of the
documented plants were found in the literature. These plants
with antiobesity effects might exert their potency in one or
more of the following ways: inhibition of lipases activity or
lipid absorption, suppression of food intake, inhibition of
adipogenesis and lipogenesis, induction of apoptosis and
lipolysis, stimulation of energy expenditure or thermo-
genesis, inhibition of inflammation, and modulation of
hormones and endocrine functions [616].
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Some of the plants that are well known for their in-
hibition of lipases/lipid absorption include Allium cepa,
Allium sativum, Citrullus colocynthis, Citrus aurantifolia,
Citrus limon, Cocos nucifera, Curcuma longa, Hibiscus
sabdariffa, Irvingia gabonensis, Momordica charantia, Persea
americana, Psidium guajava, Spinacia oleracea, Tamarindus
indica, Tetrapleura tetraptera, and Zingiber officinale. Leaf,
seed, and fruit extracts and fractions of Capsicum annuum,
Carica papaya, Brassica nigra, Citrullus colocynthis, Citrus
limon, Momordica charantia, Mucuna flagellipes, Murraya
koenigii, Ocimum gratissimum, Psidium guajava, Spinacia
oleracea, Zingiber officinale, and Ziziphus jujube were as-
sociated with in vitro inhibition and/or decreased activity of
pancreatic lipase [42, 64, 100, 181, 182, 188, 206, 250]. In
addition to the inhibition of PL, Hibiscus sabdariffa and
Tamarindus indica also showed alpha-amylase inhibitory
activity [42]. Persea americana inhibited acetyl-CoA car-
boxylase—which catalyzes the carboxylation of acetyl-CoA
to create malonyl-CoA [190], Vernonia amygdalina de-
creased mRNA expression of FAS, LPL, and leptin, and Piper
nigrum increased insulin and leptin sensitivity [196].

The inhibition of adipogenesis/lipogenesis and induction
of lipolysis in fat cells known as the 3T3-L1 cells is a valid
antiobesity approach for medicinal plants [617], and some of
these plants include Aloe vera, Capsicum annuum, Cinna-
momum verum, Citrus aurantifolia, Citrus limon, Citrus
paradise, Cocos nucifera, Cucurbita ficifolia, Ipomoea batatas,
Irvingia gabonensis, Momordica charantia, and Persea
americana. In Glycine max, 7,3' 4'-trihydroxyisoflavone re-
duced lipid content and adipocyte differentiation [132]. In
a similar manner, Allium cepa, allium sativum, Curcuma
longa, Piper nigrum, Psidium guajava, Zingiber officinale, and
Hibiscus sabdariffa were found to have inhibited lipogenesis
in 3T3-L1 adipocytes and enhanced lipolysis while preventing
lipid accumulation [26, 34, 120, 146, 198, 200, 244].

Sung, Bang, and Lee [72] reported that caposicosides A
and G from Capsicum annuum reduced intracellular lipid
buildup in these cells. Cucurbita ficifolia chloroform extract
was found to have attenuated adipogenesis in human
mesenchymal stem cells [116]. Curcuma longa, cinna-
maldehyde from Cinnamonum verum, and polyphenolic
extract of Hibiscus sabdariffa likewise prevented adipocyte
differentiation and adipogenesis in the 3T3-L1 cells
[34, 120, 145]. Also, leaf extracts of Brassica oleracea,
Moringa oleifera, and Ocimum basilicum inhibited adipo-
genesis in 3T3-L1 adipocytes [63].

Some pathways have also been reported through which
some of these plants carry out their pharmacological ac-
tivities. The coordinated gene expression of multiple adi-
pogenic genes, including FAS and LPL, is what regulates
adipogenesis [618] which goes on to imply that the dietary or
natural compounds that suppress either of them and the
adipogenic process in turn will significantly affect the pre-
vention and treatment of obesity. This coordinated gene
expression is regulated by a variety of transcription factors
such as PPAR, AMPK, and C/EBP [617]. Fruit extract and
chloroform fraction of Ziziphus jujube inhibited adipo-
genesis by decreasing the expression of PPARy, C/EBPa, and
B in 3T3-L1 preadipocytes [253]. High hydrostatic pressure
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extract of ginger increased fecal lipid extraction through the
regulation of microRNA-21/132 expression and AMPK
activation in white adipose tissue of rats fed an HFD [234].

The following plants are reported to stimulate energy
expenditure or thermogenesis: Allium cepa, Allium sativum,
Aloe vera, Citrus paradise, Glycine max, Momordica char-
antia, Moringa oleifera, and Zingiber officinale. Capsaicin
from Capsicum annuum induced thermogenesis in mice fed
with HFD and reduced insulin resistance and hepatic
steatosis by PPARy and TRPV-1 expression/activation; it
also modulated adipokine gene expression in adipose tissues
from obese mice and upregulated the expression of UCP2,
PPARYy, and PPARa while downregulating the expression of
leptin [73, 79].

The modulation of obesity-related hormones and en-
docrine functions was partly demonstrated by Tamarindus
indica, Tetrapleura tetraptera, Vernonia amygdalina, and
Zingiber officinale to mention a few [212, 218, 221]. Decrease
in mRNA levels of adipose leptin and resistin resulted in
mice on HFD with methanol seed extracts of Momordica
charantia [170]. Cinnamomum verum altered ghrelin in
obese mice [90]. Soybean protein isolates reduced weight
gain and adipose tissue mass and increased GLP-1 secretion
in mice as also did Hibiscus sabdariffa [133, 151]. In addition,
Citrullus colocynthis, Cinnamomum verum, Piper nigrum,
Vernonia amygdalina, and Zingiber officinale were reported
to suppress food intake [221, 229]. For instance, flavonoid-
rich extract from Spinacia oleracea had appetite-suppressing
effects [205].

A few studies have documented how some of these plants
have effected weight loss in humans as well; in humans with
BMI > 27, aqueous flower extract of Hibiscus sabdariffa was
found to have reduced obesity and abdominal fat, while
attenuating liver steatosis [144]. Capsaicin from Capsicum
annuum increased GLP-1 and satiety while it decreased
ghrelin, energy, and fat intake in healthy persons and was
additionally found to have increased diet-induced ther-
mogenesis in Japanese women [77, 82]. Cocos nucifera re-
duced abdominal obesity in women as well [109].

4.8. Toxicity Profile of Plants. According to the Organization
for Economic Cooperation and Development (OECD)
guidelines for testing chemicals, plant extracts and fractions
with LDs, values>2000mg/kg body weight in rodents
(acute toxicity testing) are classified as having low toxicity
[619]. There were 61 plants that had LDs, values > 2000 mg/
kg when administered either orally or intraperitoneally to
rats and/or mice. The plants with LDs, values < 2000 mg/kg
are thus considered potentially toxic and careful consider-
ation should be applied to their use [620]. For example, oral
acute toxicity studies revealed Citrullus colocynthis was toxic
in rats, while Garcinia kola and Guiera senegalensis were
toxic in mice (Table 4).

Subacute toxicity studies on plants usually involve the
administration of repeated doses of the extracts/fractions for
a period of 28 days in animals [466]. Plants that were re-
ported as relatively more toxic in rodents in subacute tox-
icity studies at doses < 300 mg/kg are Cucurbita pepo stem,
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Citrullus colocynthis seeds, Azadirachta indica bark, and
Vernonia amygdalina leaves. Subchronic and chronic tox-
icity studies revealed more plants that were toxic to rodents
at concentrations less or equal to 500 mg/kg and include
Citrullus colocynthis fruit, Murraya koenigii leaves, Citrus
aurantifolia oil, Vernonia amygdalina leaves, Citrus paradise
fruit, Alstonia boonei stem bark, Tetrapleura tetraptera pods,
and Aloe vera leaves. As expected, these studies provided
information on the major toxic effects of the plants in ro-
dents and the extent of organ damage. No toxicity report was
found for Momordica balsamina and Vigna subterranean.
This presents a scientific gap that requires to be filled by
researchers interested in the toxicity of plants.

The assumption that medicinal plants are nontoxic
because they are found or cultivated naturally in the en-
vironment, used medicinally for thousands of years, or are
sometimes consumed as food could be misleading [621]. In
this study, the toxicity potential of some of the plants used
traditionally in the management of obesity reiterates the
growing concern about the safety of traditional herbal
medicines [622, 623]. Several factors which contribute to
toxicity in the traditional use of medicinal plants include
plant bioactive constituents, herb-drug interactions, high
dosage, poor and inconsistent manufacturing practices,
adulteration, and poor regulatory measures [624, 625].
Some traditional remedies are a combination of two or
more plants or substances, and as much as such combi-
nations may increase the desired effect, there are possi-
bilities of occurrence of or increased adverse reactions to
the consumer [609]. These potential adverse effects em-
phasize the importance of toxicity testing and the safety
assessment of traditional remedies for human consump-
tion. The reasons people take decoctions of potentially toxic
medicinal plants to treat obesity may be attributable to
ignorance of its toxic effects or the perception of safety
when taking the dose prescribed by the herbal practitioner
[624].

4.9. Limitations of the Study. Limitations of the study include
the language barrier that prevented us from gleaning much-
desired information from some of the herbal practitioners
that seemed to have more to say than was obtained and
reported despite the use of interpreters. In some cases, some
of them refused to freely supply information on some of the
plants as they wanted to be paid handsomely while others
claimed it was their family or ancestorial secrets. The study
was quite expensive as some herbal practitioners had to be
paid to source the different parts of the plants for proper
identification. Finally, some herbal practitioners were not
certain about the dosage as the prescription from person to
person varies depending on age, gender, body size, and
tolerance.

5. Conclusions

This is the first study that provides a full inventory of
medicinal plants traditionally used in the treatment of
obesity in the given states in Nigeria. Although scientific
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evaluation of the pharmacological activities pertaining to
obesity and toxicological activities of some of the surveyed
plants exists, research is needed for plants that have not been
studied to validate the traditional claims. Further studies on
the mechanisms of action of plants with antiobesity po-
tentials are warranted, especially where no reports were
obtained. Further toxicity studies are required to ensure the
safety of use (both acute and chronic) of plants using
preclinical and clinical models. Also, the plants which were
most cited could further be pharmacologically evaluated and
developed into herbal products that are cheap and accessible
to the populace.

Nomenclature

AMP Adenosine monophosphate

AMPK  Adenosine monophosphate—activated protein
kinase

BMI Body mass index

C/EBP  CCAAT/enhancer binding proteins

CB1 Cannabinoid receptor type 1

CoA Coenzyme A
DIO Diet-induced obesity
EDs Median effective dose

FAS Fatty acid synthase

GLP-1 Glucagon-like peptide-1

HCD High-carbohydrate diet

HepG2  Human hepatoma

HFD High-fat diet

HMG-  B-Hydroxy p-methylglutaryl-CoA
CoA

HSL Hormone-sensitive lipase

ICs, Half maximal inhibitory concentration

LCs Median lethal concentration

LDs, Median lethal dose

LDH Lactate dehydrogenase

LLC- Rhesus monkey kidney epithelial cells

MK2

LPL Lipoprotein lipase

MAPK  Mitogen-activated protein kinase

mRNA  Messenger RNA

MSG Monosodium glutamate

NOAEL No observed adverse effect level

NPD Normal pellet diet

PI3-K Phosphoinositide 3-kinases

PPARy  Peroxisome proliferator-activated receptor-y

RBP-4 Retinol binding protein 4

SREBP-1 Sterol regulatory element-binding transcription
factor 1

TNF Tumor necrosis factor

TRPV-1 Transient receptor potential cation channel
subfamily V member 1

UCpP2 Uncoupling protein 2

WAT White adipose tissue
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