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Introduction: Obesity is increasing worldwide. Due to the unavailability of afordable obesity drugs in most parts of Nigeria,
many overweight and obese people rely on medicinal plants to manage obesity. Tus, 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. Te feld 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 scientifc
databases (Scopus, Web of Science, PubMed, Google Scholar, SciFinder, AJOL, PubChem, and other web sources) after the feld
survey.
Results:A total of 39 families and 70 plant species were used to treat or manage obesity.Temajority of plant species used resulted
in the family Leguminosae.Te relative frequency of citation (RFC) and percentage values for the fve 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 ofcinale
(0.0429; 3.05%), and Allium sativum (0.0414; 2.95%). Te 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 fve frequently used plants, only Garcinia kola was reported toxic in preclinical models.
Conclusions:Tis 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 profle 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 5 years of age [2] and people older than
18 years [3]. Obesity is defned as the disproportionate ac-
cumulation of adipose tissue that is detrimental to a person’s
health [4]. Tis 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. Te 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 urbanization, 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 afuence, 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 afuence 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 afordable to the majority of
people living in African countries. Tis has led to many
seeking alternatives in the form of traditional or herbal
medicines [19].

Te documentation of medicinal plants used in the
herbal management of obesity has been attempted in the
SouthWest 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.Tus, 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. Te 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 identifed medicinal plants used for the
treatment and management of obesity in the study area
based on the literature.

Tis study is signifcant 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
identifed to be used traditionally to treat or manage obesity.
Te study presents comprehensive work done on the tra-
ditional management of obesity using herbs including
identifying the toxicity profle 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 km2 (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. Tese states are grouped into six
geopolitical zones based on similar history, cultures, lan-
guages and close territories, and also for administrative
purposes. Te 6 geopolitical zones are NorthWest (7 States),
North Central (7 States), North East (6 States), South West
(6 States), South-South (6 States), and South East (5 States).
Tis study was carried out in the North Central Zone states
(Niger, Kwara, Kogi, Nasarawa, Plateau, Benue states, and
the FCT, Abuja).

Te seven states in the North Central Zone are situated
geographically in the middle belt region of Nigeria, begin-
ning from the west across the confuence of the River Niger
and the River Benue to the east (Figure 1). Te region has an
abundance of natural land features, hills, highlands, and
a rich agricultural region.Te 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. Te Savannas of Niger,
Plateau, Nasarawa, and FCT trail into the rain forests found
partly in other states like Kwara, Kogi, and Benue. Te
climate in the North Central is equatorial, with apparently
expressed rainy seasons and an average annual temperature
of about 30°C. Te 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].Te 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. Te study was conducted over a one-
year period, from March 2018 to March 2019, and included
feld interviews with herb sellers and herbal practitioners to
document medicinal plants traditionally used in the
treatment of obesity or to enhance weight loss. Te 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. Te 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.PlantCollectionand Identifcation. Temedicinal plants
used for the treatment of obesity were collected or bought
from herb sellers/practitioners. Te identifcation 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. Te plant names and families were verifed
on https://www.theplantlist.org before inclusion in
the study.

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

scientifc 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. Te 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. Te relative impor-
tance of a particular plant species was determined by
calculating RFC according to Tardıo 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. Te 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) × 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).Te 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
various 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. Te 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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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, specifcally 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, Lufa
aegyptiaca, Prosopis africana, and Ziziphus jujube.

3.5. Dosage and Route of Administration. Informants re-
ferred to the quantity of prepared herb used as a cup (which
meant a minimum of 250mL), half a cup (≤ 100mL), or
a small cup (≤ 50mL). Te 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. Te 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-
darifa (0.0314), Ocimum gratissimum (0.0286), Pter-
ocarpus mildbraedii (0.0371), Vernonia amygdalina
(0.0300), and Zingiber ofcinale (0.0429). Te majority of
plant species used resorted in the family Leguminosae (10
species), followed by Cucurbitaceae (8 species). Te per-
centage values for the top fve plants used were Citrus
aurantifolia (3.56%), Citrus limon (3.26%), Garcinia kola
(3.05%), Zingiber ofcinale (3.05%), and Allium sativum
(2.95%).

3.7. Antiobesity Pharmacological Efects of the Plants.
Plants identifed for their traditional medicinal uses
against obesity with no report on their antiobesity
pharmacological efects in the literature include Acacia
nilotica, Beta vulgaris, 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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Figure 1: North Central Zone of Nigeria.
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senegalensis, Heinsia crinita, Lufa 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 (includingmechanism of action) and includeAllium
cepa, Allium sativum, Aloe vera, Capsicum annuum, Cin-
namomum verum, Citrullus colocynthis, Citrus aurantifolia,
Citrus limon, Citrus paradise, Cocos nucifera, Cucurbita
fcifolia, Curcuma longa, Glycine max, Hibiscus sabdarifa,
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 ofcinale.

3.8. Toxicity Profle 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). Tere were
61 plants that had LD50 values > 2000mg/kg when ad-
ministered either orally or intraperitoneally to rats and/or
mice. Te plants with LD50 values < 2000mg/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 fcifolia, 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 14 days and
30 days) can be categorized in function as doses: ≤ 300mg/kg
(Cucurbita pepo stem, Citrullus colocynthis seeds, Azadir-
achta indica bark, and Vernonia amygdalina leaves);
500–1000mg/kg (Acacia nilotica roots, Glycine max oil,
Gnetum africanum leaves,Guiera senegalensis roots & leaves,
Myristica 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 ≥ 2000mg/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
ofcinale rhizome was toxic at 2000mg/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. Te 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. Te age distribution was based on Nigeria’s
defnition of youth being persons aged 18–35 years [596] and
the elderly being 60 years 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. Te 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. Te fndings 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. Te leaves
of the plants were the most frequently used and decoction
was the commonest method of preparation as was reported

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

Journal of Obesity 5
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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. Te decoction method of preparation is widely used in
traditional medicine for harnessing the benefcial efect 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 (cowmilk), kunu
(local drink made of sorghum), and zobo (local drink made
of H. sabdarifa), i.e., as liquid foods.

4.4. Domestication Status and Life Forms of Medicinal Plants.
Tere 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 specifc information about the
dosage of administration from the informants; however,
the information provided concerning quantity adminis-
tered during medication was limited and many times
nonspecifc. For example, reference was made to the
quantity of prepared herb used as a cup (which meant
a minimum of 250mL), half a cup (≤ 100mL), or a small
cup (≤ 50mL). 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 specifed the quantity in terms of the
volume of decoction or juice used, there were gaps in the
exact concentration. Tis 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]. Te
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. Tis 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 diferent
ailments [610] and this study recorded the diferent species

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 sabdarifa has been reported to
be used for weight reduction purposes in South Brazil by
herbalists [598].

Other plant species identifed 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 sabdarifa, 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. Tese 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 ofcinale rhizome [613].

4.7. Antiobesity Pharmacological Efects of the Plants.
Plants identifed for their traditional medicinal uses against
obesity with no report on their antiobesity pharmacological
efects 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. Tis
presents a scientifc gap in the search for a cure for obesity
from medicinal plants and there is a need to fll up this gap.
Other plants such as Adansonia digitata, Azadirachta indica,
Brassica nigra, and Ocimum basilicum have scanty reports
about their pharmacological efects as related to obesity.
Tese plants need to be well researched for their antiobesity
pharmacological efects 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.Tese plants
with antiobesity efects 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 infammation, 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
sabdarifa, Irvingia gabonensis, Momordica charantia, Persea
americana, Psidium guajava, Spinacia oleracea, Tamarindus
indica, Tetrapleura tetraptera, and Zingiber ofcinale. Leaf,
seed, and fruit extracts and fractions of Capsicum annuum,
Carica papaya, Brassica nigra, Citrullus colocynthis, Citrus
limon, Momordica charantia, Mucuna fagellipes, Murraya
koenigii, Ocimum gratissimum, Psidium guajava, Spinacia
oleracea, Zingiber ofcinale, 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 sabdarifa 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-
creasedmRNA expression of FAS, LPL, and leptin, and Piper
nigrum increased insulin and leptin sensitivity [196].

Te 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 fcifolia, Ipomoea batatas,
Irvingia gabonensis, Momordica charantia, and Persea
americana. In Glycine max, 7,3′,4′-trihydroxyisofavone re-
duced lipid content and adipocyte diferentiation [132]. In
a similar manner, Allium cepa, allium sativum, Curcuma
longa, Piper nigrum, Psidium guajava, Zingiber ofcinale, and
Hibiscus sabdarifa 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 fcifolia 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 sabdarifa likewise prevented adipocyte
diferentiation 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. Te 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 signifcantly afect the pre-
vention and treatment of obesity. Tis 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 PPARγ, C/EBPα, and
β in 3T3-L1 preadipocytes [253]. High hydrostatic pressure

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].

Te 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 ofcinale. Capsaicin
from Capsicum annuum induced thermogenesis in mice fed
with HFD and reduced insulin resistance and hepatic
steatosis by PPARγ and TRPV-1 expression/activation; it
also modulated adipokine gene expression in adipose tissues
from obese mice and upregulated the expression of UCP2,
PPARγ, and PPARα while downregulating the expression of
leptin [73, 79].

Te modulation of obesity-related hormones and en-
docrine functions was partly demonstrated by Tamarindus
indica, Tetrapleura tetraptera, Vernonia amygdalina, and
Zingiber ofcinale 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 didHibiscus sabdarifa [133, 151]. In addition,
Citrullus colocynthis, Cinnamomum verum, Piper nigrum,
Vernonia amygdalina, and Zingiber ofcinale were reported
to suppress food intake [221, 229]. For instance, favonoid-
rich extract from Spinacia oleracea had appetite-suppressing
efects [205].

A few studies have documented how some of these plants
have efected weight loss in humans as well; in humans with
BMI ≥ 27, aqueous fower extract of Hibiscus sabdarifa 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 Profle of Plants. According to the Organization
for Economic Cooperation and Development (OECD)
guidelines for testing chemicals, plant extracts and fractions
with LD50 values> 2000mg/kg body weight in rodents
(acute toxicity testing) are classifed as having low toxicity
[619]. Tere were 61 plants that had LD50 values> 2000mg/
kg when administered either orally or intraperitoneally to
rats and/or mice. Te plants with LD50 values < 2000mg/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 ≤ 300mg/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 500mg/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 efects of the plants in ro-
dents and the extent of organ damage. No toxicity report was
found for Momordica balsamina and Vigna subterranean.
Tis presents a scientifc gap that requires to be flled by
researchers interested in the toxicity of plants.

Te 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 efect, there are possi-
bilities of occurrence of or increased adverse reactions to
the consumer [609]. Tese potential adverse efects em-
phasize the importance of toxicity testing and the safety
assessment of traditional remedies for human consump-
tion.Te reasons people take decoctions of potentially toxic
medicinal plants to treat obesity may be attributable to
ignorance of its toxic efects or the perception of safety
when taking the dose prescribed by the herbal practitioner
[624].

4.9. Limitationsof theStudy. 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. Te study
was quite expensive as some herbal practitioners had to be
paid to source the diferent parts of the plants for proper
identifcation. 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

Tis is the frst study that provides a full inventory of
medicinal plants traditionally used in the treatment of
obesity in the given states in Nigeria. Although scientifc

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
ED50 Median efective dose
FAS Fatty acid synthase
GLP-1 Glucagon-like peptide-1
HCD High-carbohydrate diet
HepG2 Human hepatoma
HFD High-fat diet
HMG-
CoA

β-Hydroxy β-methylglutaryl-CoA

HSL Hormone-sensitive lipase
IC50 Half maximal inhibitory concentration
LC50 Median lethal concentration
LD50 Median lethal dose
LDH Lactate dehydrogenase
LLC-
MK2

Rhesus monkey kidney epithelial cells

LPL Lipoprotein lipase
MAPK Mitogen-activated protein kinase
mRNA Messenger RNA
MSG Monosodium glutamate
NOAEL No observed adverse efect level
NPD Normal pellet diet
PI3-K Phosphoinositide 3-kinases
PPARγ Peroxisome proliferator–activated receptor-γ
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
UCP2 Uncoupling protein 2
WAT White adipose tissue
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[152] M. Herranz-López, M. Olivares-Vicente, M. Boix-Castejón,
N. Caturla, E. Roche, and V. Micol, “Diferential Efects of
a Combination of Hibiscus sabdarifa and Lippia citriodora
Polyphenols in Overweight/obese Subjects: A Randomized
Controlled Trial,” Scientifc Reports 9, no. 1 (2019): 2999,
https://doi.org/10.1038/s41598-019-39159-5.

[153] O. Helen, E. O. Aluko, E. E. Iyare, U. B. Anyaehie, and
D. E. Atang, “Ipomoea batatas L. Extract Reduces Food
Intake, Fasting Blood Glucose Levels and Body Weight,”
European Journal of Medicinal Plants 3, no. 4 (2013):
530–539, https://doi.org/10.9734/ejmp/2013/4673.

[154] J. H. Ju, H. S. Yoon, H. J. Park, et al., “Anti-Obesity and
Antioxidative Efects of Purple Sweet Potato Extract in 3T3-
L1. Adipocytes In Vitro,” Journal of Medicinal Food 14, no. 10
(2011): 1097–1106, https://doi.org/10.1089/jmf.2010.1450.

[155] B. Azantsa, D. Kuate, R. Chakokam, G. Paka,
B. Bartholomew, and R. Nash, “Te Efect of Extracts of
Irvingia gabonensis (IGOB131) and Dichrostachys glomerata
(Dyglomera™) on Body Weight and Lipid Parameters of
Healthy Overweight Participants,” Functional Foods in
Health and Disease 5, no. 6 (2015): 200–208, https://doi.org/
10.31989/fhd.v5i6.184.

[156] J. E. Oben, J. L. Ngondi, C. N. Momo, G. A. Agbor, and
C. S. M. Sobgui, “Te Use of a Cissus quadrangularis/Irvingia
gabonensisCombination in theManagement ofWeight Loss:
A Double-Blind Placebo-Controlled Study,” Lipids in Health
and Disease 7, no. 1 (2008): 12, https://doi.org/10.1186/1476-
511X-7-12.

[157] J. E. Oben, J. L. Ngondi, and K. Blum, “Inhibition of Irvingia
gabonensis Seed Extract (OB131) on Adipogenesis as Me-
diated via Down Regulation of the PPAR Gamma and Leptin
Genes and Up-Regulation of the Adiponectin Gene,” Lipids
in Health and Disease 7, no. 1 (2008): 44, https://doi.org/
10.1186/1476-511X-7-44.

[158] J. L. Ngondi, B. C. Etoundi, C. B. Nyangono,
C. M. F. Mbofung, and J. E. Oben, “IGOB131, a Novel Seed
Extract of the West African Plant Irvingia gabonensis, Sig-
nifcantly Reduces Body Weight and Improves Metabolic
Parameters in Overweight Humans in a Randomized
Double-Blind Placebo-Controlled Investigation,” Lipids in
Health and Disease 8, no. 1 (2009): 7, https://doi.org/10.1186/
1476-511X-8-7.

[159] J. L. Ngondi, J. E. Oben, and S. R. Minka, “Te Efect of
Irvingia gabonensis Seeds on Body Weight and Blood Lipids
of Obese Subjects in Cameroon,” Lipids in Health and

Disease 4, no. 1 (2005): 12, https://doi.org/10.1186/1476-
511X-4-12.

[160] A. A. Omonkhua and I. O. Onoagbe, “Efects of Long-Term
Administration of Aqueous Extracts of Irvingia gabonensis
Stem Bark on α-Amylase and Lipase Activities of Rabbits
Nig,” Journal of Pure and Applied Sciences 31, no. 2 (2018):
3197–3203.

[161] M. A. Gilles, N. E. G. Frank, L. Tatsadjieu, N. Y. Nicolas, and
C. M. F. Mbofung, “Assessment of In Vitro Inhibitory Efect
of Khaya Tea Infusion on Porcine Pancreatic Lipase Ac-
tivity,” International Journal of Biosciences 6, no. 6 (2015):
1–9.

[162] A. G. Marche, V. D. Guiama, and M. F. M. Carl, “Anti-
Hyperlipidemic and Anti-Weight Gain Efects of Khaya Tea
on High-Fat-Diet Rats,” International Journal of Science and
Innovative Research 18, no. 2 (2015): 224–231.

[163] K. I. Seo, J. Lee, R. Y. Choi, et al., “Anti-Obesity and Anti-
Insulin Resistance Efects of Tomato Vinegar Beverage in
Diet-Induced Obese Mice,” Food & Function 5, no. 7 (2014):
1579–1586, https://doi.org/10.1039/c4fo00135d.

[164] A. F. Vinha, S. V. Barreira, A. S. Costa, R. C. Alves, and
M. B. Oliveira, “Pre-Meal Tomato (Lycopersicon escu-
lentum) Intake Can Have Anti-Obesity Efects in Young
Women?” International Journal of Food Sciences & Nu-
trition 65, no. 8 (2014): 1019–1026, https://doi.org/10.3109/
09637486.2014.950206.

[165] Q. Chen, L. L. Y. Chan, and E. T. S. Li, “Bitter Melon
(Momordica charantia) Reduces Adiposity, Lowers Serum
Insulin and Normalizes Glucose Tolerance in Rats Fed
a High Fat Diet,” Te Journal of Nutrition 133, no. 4 (2003):
1088–1093, https://doi.org/10.1093/jn/133.4.1088.

[166] H. L. Huang, Y. W. Hong, Y. H. Wong, et al., “Bitter Melon
(Momordica charantia L.) Inhibits Adipocyte Hypertrophy
and Down Regulates Lipogenic Gene Expression in Adipose
Tissue of Diet-Induced Obese Rats,” British Journal of Nu-
trition 99, no. 2 (2008): 230–239, https://doi.org/10.1017/
s0007114507793947.

[167] B. Bao, Y.-G. Chen, L. Zhang, et al., “Momordica charantia
(Bitter Melon) Reduces Obesity-Associated Macrophage
and Mast Cell Infltration as Well as Infammatory Cyto-
kine Expression in Adipose Tissues,” PLoS One 9, no. 1
(2013): 10.

[168] L. L. Y. Chan, Q. Chen, A. G. G. Go, E. K. Y. Lam, and
E. T. S. Li, “Reduced Adiposity in Bitter Melon (Momordica
charantia)–fed Rats Is Associated With Increased Lipid
Oxidative Enzyme Activities and Uncoupling Protein Ex-
pression,” Te Journal of Nutrition 135, no. 11 (2005):
2517–2523, https://doi.org/10.1093/jn/135.11.2517.

[169] Y. Oishi, T. Sakamoto, H. Udagawa, et al., “Inhibition of
Increases in Blood Glucose and Serum Neutral Fat by
Momordica charantia Saponin Function,” Bioscience, Bio-
technology, and Biochemistry 71, no. 3 (2007): 735–740,
https://doi.org/10.1271/bbb.60570.

[170] C. C. Shih, C. H. Lin, and W. L. Lin, “Efects ofMomordica
charantia on Insulin Resistance and Visceral Obesity in
Mice on High-Fat Diet,” Diabetes Research and Clinical
Practice 81, no. 2 (2008): 134–143, https://doi.org/10.1016/
j.diabres.2008.04.023.

[171] Z. Gong, J. Zhang, and Y. Xu, “Metabolomics Reveals that
Momordica charantia Attenuates Metabolic Changes in
Experimental Obesity,” Phytotherapy Research 31, no. 2
(2016): 296–302, https://doi.org/10.1002/ptr.5748.

[172] N. G. Sahib, A. A. Hamid, N. Saari, F. Abas, M. S. P. Deka,
and M. Rahim, “Anti-Pancreatic Lipase and Antioxidant

48 Journal of Obesity

http://doi.org/10.4236/fns.2015.65047
http://doi.org/10.1271/bbb.64.1041
http://doi.org/10.1039/c5fo00714c
http://doi.org/10.1016/j.jff.2015.11.011
http://doi.org/10.1038/s41598-019-39159-5
http://doi.org/10.9734/ejmp/2013/4673
http://doi.org/10.1089/jmf.2010.1450
http://doi.org/10.31989/ffhd.v5i6.184
http://doi.org/10.31989/ffhd.v5i6.184
http://doi.org/10.1186/1476-511X-7-12
http://doi.org/10.1186/1476-511X-7-12
http://doi.org/10.1186/1476-511X-7-44
http://doi.org/10.1186/1476-511X-7-44
http://doi.org/10.1186/1476-511X-8-7
http://doi.org/10.1186/1476-511X-8-7
http://doi.org/10.1186/1476-511X-4-12
http://doi.org/10.1186/1476-511X-4-12
http://doi.org/10.1039/c4fo00135d
http://doi.org/10.3109/09637486.2014.950206
http://doi.org/10.3109/09637486.2014.950206
http://doi.org/10.1093/jn/133.4.1088
http://doi.org/10.1017/s0007114507793947
http://doi.org/10.1017/s0007114507793947
http://doi.org/10.1093/jn/135.11.2517
http://doi.org/10.1271/bbb.60570
http://doi.org/10.1016/j.diabres.2008.04.023
http://doi.org/10.1016/j.diabres.2008.04.023
http://doi.org/10.1002/ptr.5748


Activity of Selected Tropical Herbs,” International Journal of
Food Properties 15, no. 3 (2012): 569–578.

[173] N. G. Sahib, A. A. Hamid, D. Kitts, M. Purnama, N. Saari,
and F. Abas, “Te Efects of Morinda citrifolia, Momordica
charantia and Centella asiatica Extracts on Lipoprotein
Lipase and 3T3-L1 Preadipocytes,” Journal of Food Bio-
chemistry 35, no. 4 (2011): 1186–1205, https://doi.org/
10.1111/j.1745-4514.2010.00444.x.

[174] J. Wang and H. K. Ryu, “Te Efects ofMomordica charantia
on Obesity and Lipid Profles of Mice Fed a High-Fat Diet,”
Nutrition Research and Practice 9, no. 5 (2015): 489–495,
https://doi.org/10.4162/nrp.2015.9.5.489.

[175] S. Bais, G. S. Singh, and R. Sharma, “Antiobesity and
Hypolipidemic Activity of Moringa oleifera Leaves against
High Fat Diet-Induced Obesity in Rats,” Advances in Biology
2014 (2014): 1–9, https://doi.org/10.1155/2014/162914.

[176] I. Barbagallo, L. Vanella, A. Distefano, et al., “Moringa
oleifera Lam. Improves Lipid Metabolism During Adipo-
genic Diferentiation of Human Stem Cells,” European Re-
view for Medical and Pharmacological Sciences 20, no. 24
(2016): 5223–5232.

[177] F. M. Metwally, H. M. Rashad, H. H. Ahmed,
A. A. Mahmoud, E. R. Abdol Raouf, and A. M. Abdalla,
“Molecular Mechanisms of the Anti-Obesity Potential Efect
of Moringa oleifera in the Experimental Model,” Asian
Pacifc Journal of Tropical Biomedicine 7, no. 3 (2017):
214–221, https://doi.org/10.1016/j.apjtb.2016.12.007.

[178] N. Das, K. Sikder, S. Ghosh, B. Fromenty, and S. Dey,
“Moringa oleifera Lam. Leaf Extract Prevents Early Liver
Injury and Restores Antioxidant Status in Mice Fed With
High-Fat Diet,” Indian Journal of Experimental Biology 50,
no. 6 (2012): 404–412.

[179] S. Nahar, F. M. Faisal, J. Iqbal, M. Rahman, and M. Yusuf,
“Antiobesity Activity of Moringa oleifera Leaves against High
Fat Diet-Induced Obesity in Rats,” International Journal of
Basic & Clinical Pharmacology 5, no. 4 (2016): 1263–1268,
https://doi.org/10.18203/2319-2003.ijbcp20162427.

[180] M. Dominguez-Rodriguez, N. G. Valenzuela-Rubio,
D. A. Ochoa-Acosta, J. A. Fierros-Valdez, F. H. Castro-
Sanchez, and M. Vergara-Jimenez, “Te Efect of Moringa
Oleifera Leaves in Anthropometric and Biochemical Pa-
rameters in Obese Type 2 Diabetes Mellitus Subjects,” Te
FASEB Journal 30, no. S1 (2016): 1176–1221, https://doi.org/
10.1096/fasebj.30.1_supplement.1176.21.

[181] G. O. Anyanwu, D. Anzaku, C. C. Donwell, et al., “Chemical
Composition and In Vitro Antiobesity and In Vivo Anti-
Hyperlipidemic Efects of Ceratotheca sesamoides, Jatropha
tanjorensis, Mucuna fagellipes, Pterocarpus mildbraedii and
Piper guineense,” Phytomedicine 1, no. 3 (2021): 100042,
https://doi.org/10.1016/j.phyplu.2021.100042.

[182] R. Birari, S. K. Roy, A. Singh, and K. K. Bhutani, “Pancreatic
Lipase Inhibitory Alkaloids of Murraya koenigii Leaves,”
Natural Product Communications 4, no. 8 (2009): 1089–1092,
https://doi.org/10.1177/1934578x0900400814.

[183] R. Birari, V. Javia, and K. K. Bhutani, “Antiobesity and Lipid
Lowering Efects of Murraya koenigii (L.) Spreng Leaves
Extracts and Mahanimbine on High Fat Diet Induced Obese
Rats,” Fitoterapia 81, no. 8 (2010): 1129–1133, https://
doi.org/10.1016/j.ftote.2010.07.013.

[184] S. V. Tembhurne and D. M. Sakarkar, “Anti-Obesity and
Hypoglycemic Efect of Ethanolic Extract of Murraya koe-
nigii (L) Leaves in High Fatty Diet Rats,” Asian Pacifc

Journal of Tropical Disease 2 (2012): S166–S168, https://
doi.org/10.1016/s2222-1808(12)60145-5.

[185] Y. Vangoori, A. Dakshinamoorthi, and S. Kavimani,
“Prominent Pancreatic Lipase Inhibition and Free Radical
Scavenging Activity of aMyristica fragrans Ethanolic Extract
In Vitro. Potential Role in Obesity Treatment,” Maedica
(Bucur) 14, no. 3 (2019): 254–259, https://doi.org/10.26574/
maedica.2019.14.3.254.

[186] Y. Vangoori, A. Dakshinamoorthi, and S. Kavimani, “Efect
of Myristica fragrans Extract on Lipid Profle, Glucose,
Body Weight, Food Intake, Liver and Renal Functions in
Experimental Obese Rats,” Biomedical and Pharmacology
Journal 12, no. 2 (2019): 677–682, https://doi.org/10.13005/
bpj/1688.

[187] P. H. Nguyen, T. V. Le, H. W. Kang, et al., “AMP-Activated
Protein Kinase (AMPK) Activators From Myristica fragrans
(Nutmeg) and Teir Anti-Obesity Efect,” Bioorganic &
Medicinal Chemistry Letters 20, no. 14 (2010): 4128–4131,
https://doi.org/10.1016/j.bmcl.2010.05.067.

[188] E. A. Irondi, S. O. Agboola, G. Oboh, and A. A. Boligon,
“Inhibitory Efect of Leaves Extracts of Ocimum basilicum
and Ocimum gratissimum on Two Key Enzymes Involved in
Obesity and Hypertension In Vitro,” Journal of Intercultural
Ethnopharmacology 5, no. 4 (2016): 396–402, https://doi.org/
10.5455/jice.20160814112756.

[189] P. Y. Chao, T. I. Chiang, I. C. Chang, et al., “Amelioration of
Estrogen-Defciency-Induced Obesity by Ocimum gratissi-
mum,” International Journal of Medical Sciences 14, no. 9
(2017): 896–901, https://doi.org/10.7150/ijms.19933.

[190] H. Hashimura, C. Ueda, J. Kawabata, and T. Kasai, “Acetyl
coA Carboxylase Inhibitors From Avocado (Persea ameri-
cana Mill) Fruits,” Bioscience, Biotechnology, and Bio-
chemistry 65, no. 7 (2001): 1656–1658, https://doi.org/
10.1271/bbb.65.1656.

[191] P. Monika and A. Geetha, “Efect of Hydroalcoholic Fruits
Extracts of Persea americana Mill on High Fat Diet Induced
Obesity: A Dose Response Study in Rats,” Indian Journal of
Experimental Biology 54, no. 6 (2016): 370–378.

[192] P. Monika and A. Geetha, “Te Modulating Efect of Persea
americana Fruit Extract on the Level of Expression of Fatty
Acid Synthase Complex, Lipoprotein Lipase, Fibroblast
Growth Factor-21 and Leptin – A Biochemical Study in Rats
Subjected to Experimental Hyperlipidemia and Obesity,”
Phytomedicine 22, no. 10 (2015): 939–945, https://doi.org/
10.1016/j.phymed.2015.07.001.

[193] P. Monika and A. Geetha, “Efect of Persea americana
(Avocado) Fruit Extract on the Level of Expression of
Adiponectin and PPAR-γ in Rats Subjected to Experimental
Hyperlipidemia and Obesity,” Journal of Complementary
and Integrative Medicine 11, no. 2 (2014): 107–119.

[194] B. I. C. Brai, A. A. Odetola, and P. U. Agomo, “Efects of
Persea americana Leaf Extracts on Body Weight and Liver
Lipids in Rats Fed Hyperlipidaemic Diet,” African Journal of
Biotechnology 6, no. 8 (2007): 1007–1011.

[195] S. S. Shah, G. B. Shah, S. D. Singh, et al., “Efect of Piperine in
the Regulation of Obesity-Induced Dyslipidemia in High-Fat
Diet Rats,” Indian Journal of Pharmacology 43, no. 3 (2011):
296–300, https://doi.org/10.4103/0253-7613.81516.

[196] P. BrahmaNaidu, H. Nemani, B. Meriga, S. K. Mehar,
S. Potana, and S. Ramgopalrao, “Mitigating Efcacy of
Piperine in the Physiological Derangements of High Fat Diet
Induced Obesity in Sprague Dawley Rats,” Chemico-

Journal of Obesity 49

http://doi.org/10.1111/j.1745-4514.2010.00444.x
http://doi.org/10.1111/j.1745-4514.2010.00444.x
http://doi.org/10.4162/nrp.2015.9.5.489
http://doi.org/10.1155/2014/162914
http://doi.org/10.1016/j.apjtb.2016.12.007
http://doi.org/10.18203/2319-2003.ijbcp20162427
http://doi.org/10.1096/fasebj.30.1_supplement.1176.21
http://doi.org/10.1096/fasebj.30.1_supplement.1176.21
http://doi.org/10.1016/j.phyplu.2021.100042
http://doi.org/10.1177/1934578x0900400814
http://doi.org/10.1016/j.fitote.2010.07.013
http://doi.org/10.1016/j.fitote.2010.07.013
http://doi.org/10.1016/s2222-1808(12)60145-5
http://doi.org/10.1016/s2222-1808(12)60145-5
http://doi.org/10.26574/maedica.2019.14.3.254
http://doi.org/10.26574/maedica.2019.14.3.254
http://doi.org/10.13005/bpj/1688
http://doi.org/10.13005/bpj/1688
http://doi.org/10.1016/j.bmcl.2010.05.067
http://doi.org/10.5455/jice.20160814112756
http://doi.org/10.5455/jice.20160814112756
http://doi.org/10.7150/ijms.19933
http://doi.org/10.1271/bbb.65.1656
http://doi.org/10.1271/bbb.65.1656
http://doi.org/10.1016/j.phymed.2015.07.001
http://doi.org/10.1016/j.phymed.2015.07.001
http://doi.org/10.4103/0253-7613.81516


Biological Interactions 221 (2014): 42–51, https://doi.org/
10.1016/j.cbi.2014.07.008.

[197] B. N. Parim, N. Harishankar, M. Balaji, S. Pothana, and
R. R. Sajjalaguddam, “Efects of Piper nigrum Extracts:
Restorative Perspectives of High-Fat Diet-Induced
Changes on Lipid Profle, Body Composition, and Hor-
mones in Sprague–Dawley Rats,” Pharmaceutical Biology
53, no. 9 (2015): 1318–1328, https://doi.org/10.3109/
13880209.2014.980585.

[198] U. H. Park, H. S. Jeong, E. Y. Jo, et al., “Piperine, a Com-
ponent of Black Pepper, Inhibits Adipogenesis by Antago-
nizing PPARγ Activity in 3T3-L1 Cells,” Journal of
Agricultural and Food Chemistry 60, no. 15 (2012): 3853–
3860, https://doi.org/10.1021/jf204514a.

[199] B. Meriga, B. Parim, V. R. Chunduri, et al., “Antiobesity
Potential of Piperonal: Promising Modulation of Body
Composition, Lipid Profles and Obesogenic Marker Ex-
pression in HFD-Induced Obese Rats,” Nutrition and
Metabolism 14, no. 1 (2017): 72, https://doi.org/10.1186/
s12986-017-0228-9.

[200] H. Yoshitomi, L. Qin, T. Liu, and M. Gao, “Guava Leaf
Extracts Inhibit 3T3-L1 Adipocyte Diferentiation via
Activating AMPK,” Journal of Nutritional Terapeutics 1,
no. 2 (2013): 107–113, https://doi.org/10.6000/1929-
5634.2012.01.02.2.

[201] E. Dı́az de Cerio, A. Rodriguez-Nogales, F. Algieri, et al.,
“Te Hypoglycemic Efects of Guava Leaf (Psidium guajava
L.) Extract Is Associated With Improving Endothelial
Dysfunction in Mice With Diet-Induced Obesity,” Food
Research International 96 (2017): 64–71, https://doi.org/
10.1016/j.foodres.2017.03.019.

[202] M. A. A. Mamun, M. Faruk, M. Rahman, et al., “High
Carbohydrate High Fat Diet Induced Hepatic Steatosis and
Dyslipidemia Were Ameliorated by Psidium guajava Leaf
Powder Supplementation in Rats,” Evidence-Based Com-
plementary and Alternative Medicine 2019 (2019): 1–12,
https://doi.org/10.1155/2019/1897237.

[203] W. Chiang, C. Liu, Y. Wang, and C. Hsieh, “Efects of Guava
Leaf Extract on Glucose and Lipid Homeostasis in Diet-
Induced Insulin-Resistant C57BL/6J Mice,” SDRP Journal of
Food Science & Technology 3, no. 3 (2018): 1–13, https://
doi.org/10.25177/jfst.3.3.4.

[204] M. N. Norazmir, M. Y. Ayub, and M. M. A. Ummi, “Enzyme
Activities and Histology Study on High Fat Diet-Induced
Obese Rats by Pink Guava Puree,” Pakistan Journal of
Nutrition 9, no. 11 (2010): 1100–1106, https://doi.org/
10.3923/pjn.2010.1100.1106.

[205] V. Panda and P. Shinde, “Appetite Suppressing Efect of
Spinacia oleracea in Rats: Involvement of the Short Term
Satiety Signal Cholecystokinin,” Appetite 113 (2017): 224–
230, https://doi.org/10.1016/j.appet.2017.02.030.

[206] V. S. Panda, “Spinacia oleracea in Diet Can Help Control
Obesity by its Regulatory Action on Appetite,” Toxicology
Open Access 4 (2018): 42, https://doi.org/10.4172/2476-2067-
C1-005.

[207] V. M. K. Panda, K. Mistry, S. Sudhamani, M. Nandave, and
S. K. Ojha, “Amelioration of Abnormalities Associated With
the Metabolic Syndrome by Spinacia oleracea (Spinach)
Consumption and Aerobic Exercise in Rats,” Oxidative
Medicine and Cellular Longevity 2017, no. 1 (2017): 2359389,
https://doi.org/10.1155/2017/2359389.

[208] V. Panda, P. Shinde, and P. Dande, “Consumption of Spinacia
oleracea (Spinach) and Aerobic Exercise Controls Obesity in
Rats by an Inhibitory Action on Pancreatic Lipase,”Archives of

Physiology and Biochemistry 126, no. 3 (2018): 187–195,
https://doi.org/10.1080/13813455.2018.1502323.

[209] Y. Li, Y. Cui, F. Lu, et al., “Benefcial Efects of a Chlorophyll-
Rich Spinach Extract Supplementation on Prevention of
Obesity and Modulation of Gut Microbiota in High-Fat
Diet-Fed Mice,” Journal of Functional Foods 60 (2019):
103436–103512, https://doi.org/10.1016/j.jf.2019.103436.

[210] K. F. Azman, Z. Amom, A. Azlan, et al., “Antiobesity Efect of
Tamarindus indica L. Pulp Aqueous Extract in High-Fat Diet-
Induced Obese Rats,” Journal of Natural Medicines 66, no. 2
(2011): 333–342, https://doi.org/10.1007/s11418-011-0597-8.

[211] A. N. Ukwuani, M. G. Abubakar, R. A. Shehu, and
L. G. Hassan, “Anti-Obesity Pulp Extract Tamarindus indica
in Albino Rats,” Asian Journal of Biochemistry 3, no. 4
(2008): 221–227.

[212] I. S. Costa, A. F. Medeiros, F. Carvalho, et al., “Satietogenic
Protein From Tamarind Seeds Decreases Food Intake, Leptin
Plasma and CCK-1r Gene Expression in Obese Wistar Rats,”
Obesity Facts 11, no. 6 (2018): 440–453, https://doi.org/
10.1159/000492733.

[213] S. R. Sasidharan, J. A. Joseph, S. Anandakumar,
V. Venkatesan, C. N. Ariyattu Madhavan, and A. Agarwal,
“Ameliorative Potential of Tamarindus indica on High Fat
Diet Induced Nonalcoholic Fatty Liver Disease in Rats,”Te
Scientifc World Journal 2014 (2014): 1–10, https://doi.org/
10.1155/2014/507197.

[214] V. Jindal, D. Dhingra, S. Sharma, M. Parle, and R. K. Harna,
“Hypolipidemic and Weight Reducing Activity of the
Ethanolic Extract of Tamarindus indica Fruit Pulp in Caf-
eteria Diet- and Sulpiride-Induced Obese Rats,” Journal of
Pharmacology and Pharmacotherapeutics 2, no. 2 (2011):
80–84, https://doi.org/10.4103/0976-500x.81896.

[215] A. F. Medeiros, I. D. S. Costa, F. M. C. Carvalho, et al.,
“Biochemical Characterisation of a Kunitz-Type Inhibitor
From Tamarindus indica L. Seeds and Its Efcacy in Re-
ducing Plasma Leptin in an Experimental Model of Obe-
sity,” Journal of Enzyme Inhibition and Medicinal
Chemistry 33, no. 1 (2018): 334–348, https://doi.org/
10.1080/14756366.2017.1419220.

[216] J. A. N. C. Ribeiro, P. F. S. Silva, M. G. F. Rocha, et al.,
“Activity Antiobesity of Trypsin Inhibitor Tamarind (Tam-
arindus indica) Seed,” Reuniao Annual da Scoiedade Bra-
sileira de Bioquimica e Biologia Molecular-SBBq Foz do
Iguacu, PR, Brasil-19 a 22 de Maio de (2012): 2012.

[217] O. L. M. Dongmo, E. L. A. Ashu, H. T. Tadjoua, et al.,
“Evaluation of Anti-Obesity and Diuretic Efects of Aqueous
Extract of Tetrapleura tetraptera Taub. Stem Bark on High
Fat Diet-Induced Obese Rats,” European Journal of Phar-
maceutical and Medical Research 6, no. 1 (2019): 27–37.

[218] D. Kuate, A. P. N. Kengne, C. P. N. Biapa, B. G. K. Azantsa,
and W. A. M. B. Wan Muda, “Tetrapleura tetraptera Spice
Attenuates High-Carbohydrate, High-Fat Diet-Induced
Obese and Type 2 Diabetic Rats With Metabolic Syn-
drome Features,” Lipids in Health and Disease 14, no. 1
(2015): 50, https://doi.org/10.1186/s12944-015-0051-0.

[219] C. A. Ekeleme-Egedigwe, I. I. Ijeh, and P. N. Okafor,
“Modulatory Efecs of Dietary Supplementation by Ver-
nonia amygdalina on High-Fat-Diet-Induced Obesity in
Wistar Rats,” Acta Scientiarum Polonorum, Technologia
Alimentaria 16, no. 4 (2017): 431–442, https://doi.org/
10.17306/j.afs.0504.

[220] C. A. Egedigwe, C. E. C. C. Ejike, I. I. Ijeh, U. Herbert,
G. I. Onwuka, and V. U. Asumugha, “Anti-Obesity Po-
tentials of Aqueous and Methanol Extracts of Vernonia

50 Journal of Obesity

http://doi.org/10.1016/j.cbi.2014.07.008
http://doi.org/10.1016/j.cbi.2014.07.008
http://doi.org/10.3109/13880209.2014.980585
http://doi.org/10.3109/13880209.2014.980585
http://doi.org/10.1021/jf204514a
http://doi.org/10.1186/s12986-017-0228-9
http://doi.org/10.1186/s12986-017-0228-9
http://doi.org/10.6000/1929-5634.2012.01.02.2
http://doi.org/10.6000/1929-5634.2012.01.02.2
http://doi.org/10.1016/j.foodres.2017.03.019
http://doi.org/10.1016/j.foodres.2017.03.019
http://doi.org/10.1155/2019/1897237
http://doi.org/10.25177/jfst.3.3.4
http://doi.org/10.25177/jfst.3.3.4
http://doi.org/10.3923/pjn.2010.1100.1106
http://doi.org/10.3923/pjn.2010.1100.1106
http://doi.org/10.1016/j.appet.2017.02.030
http://doi.org/10.4172/2476-2067-C1-005
http://doi.org/10.4172/2476-2067-C1-005
http://doi.org/10.1155/2017/2359389
http://doi.org/10.1080/13813455.2018.1502323
http://doi.org/10.1016/j.jff.2019.103436
http://doi.org/10.1007/s11418-011-0597-8
http://doi.org/10.1159/000492733
http://doi.org/10.1159/000492733
http://doi.org/10.1155/2014/507197
http://doi.org/10.1155/2014/507197
http://doi.org/10.4103/0976-500x.81896
http://doi.org/10.1080/14756366.2017.1419220
http://doi.org/10.1080/14756366.2017.1419220
http://doi.org/10.1186/s12944-015-0051-0
http://doi.org/10.17306/j.afs.0504
http://doi.org/10.17306/j.afs.0504


amygdalina Del. Leaves in High-Fat Diet Fed Rats,” African
Journal of Traditional, Complementary and Alternative
Medicines 13, no. 2 (2016): 86–93, https://doi.org/10.21010/
ajtcam.v13i2.11.

[221] C. A. Egedigwe, I. I. Ijeh, P. N. Okafor, and C. E. C. C. Ejike,
“Aqueous and Methanol Extracts of Vernonia amygdalina
Leaves Exert Teir Anti-Obesity Efects Trough the
Modulation of Appetite-Regulatory Hormones,” Pharma-
ceutical Biology 54, no. 12 (2016): 3232–3236, https://doi.org/
10.1080/13880209.2016.1216135.

[222] I. J. Atangwho, E. E. Edet, D. E. Uti, A. U. Obi, M. Z. Asmawi,
and M. Ahmad, “Biochemical and Histolog Ical Impact of
Vernonia amygdalina Supplemented Diet in Obese Rats,”
Saudi Journal of Biological Sciences 19, no. 3 (2012): 385–392,
https://doi.org/10.1016/j.sjbs.2012.05.003.

[223] I. Nazish, S. H. Ansari, P. Arora, and A. Ahmad, “Antiobesity
Activity of Zingiber ofcinale,” Pharmacognosy Journal 8,
no. 5 (2016): 440–446, https://doi.org/10.5530/pj.2016.5.5.

[224] N. S. Ismail, “Protective Efects of Aqueous Extracts of
Cinnamon and Ginger Herbs Against Obesity and Diabetes
in Obese Diabetic Rat,” World Journal of Dairy and Food
Science 9, no. 2 (2014): 145–153.

[225] L. K. Han, X. J. Gong, S. Kawano, M. Saito, Y. Kimura, and
H. Okuda, “Anti-Obesity Actions of Zingiber ofnale Ros-
coe,” Yakugaku Zasshi 125, no. 2 (2005): 213–217, https://
doi.org/10.1248/yakushi.125.213.

[226] M. M. Bin-Meferij, A. A. Shati, R. A. El-kott, and
A. F. El-kott, “Anti-Obesity and Anti-Hepatosteatosis Efects
of Dietary Zingiber ofcinale Extract in Male Obese Rats,”
International Journal of Pharmacology 13, no. 6 (2017):
620–627.

[227] Z. A. Malik and P. L. Sharma, “Attenuation of High-Fat Diet
Induced Body Weight Gain, Adiposity and Biochemical
Anomalies after Chronic Administration of Ginger (Zingiber
ofcinale) in Wistar Rats,” International Journal of Phar-
macology 7, no. 8 (2011): 801–812.

[228] R. H.Mahmoud andW. A. Elnour, “Comparative Evaluation
of the Efcacy of Ginger and Orlistat on Obesity Manage-
ment, Pancreatic Lipase and Liver Peroxisomal Catalase
Enzyme in Male Albino Rats,” European Review for Medical
and Pharmacological Sciences 17, no. 1 (2013): 75–83.

[229] V. Ebrahimzadeh Attari, A. Malek Mahdavi, Z. Javadivala,
S. Mahluji, S. Zununi Vahed, and A. Ostadrahimi, “A Sys-
tematic Review of the Anti-Obesity and Weight Lowering
Efect of Ginger (Zingiber ofcinale Roscoe) and Its Mech-
anisms of Action,” Phytotherapy Research 32, no. 4 (2018):
577–585, https://doi.org/10.1002/ptr.5986.

[230] M. S. Mansour, Y. M. Ni, A. L. Roberts, M. Kelleman,
A. RoyChoudhury, and M. P. St-Onge, “Ginger Con-
sumption Enhances the Termic Efect of Food and Pro-
motes Feelings of Satiety Without Afecting Metabolic and
Hormonal Parameters in Overweight Men: A Pilot Study,”
Metabolism 61, no. 10 (2012): 1347–1352, https://doi.org/
10.1016/j.metabol.2012.03.016.

[231] Y. Li, V. H. Tran, B. P. Kota, S. Nammi, C. C. Duke, and
B. D. Roufogalis, “Preventative Efect of Zingiber ofcinale
on Insulin Resistance in a High-Fat High-Carbohydrate
Diet-Fed Rat Model and its Mechanism of Action,” Basic
and Clinical Pharmacology and Toxicology 115, no. 2 (2014):
209–215, https://doi.org/10.1111/bcpt.12196.

[232] G. Fawzy Abdel Raoof, K. Y. Mohamed, and
H. M. Mohammed, “Phytochemical Evaluation, Anti-
Obesity and Antihyperlipidemic Efects of Combined
Administration of Green Cofee, Cinnamon and Ginger,”

Plant 5, no. 5 (2017): 80–84, https://doi.org/10.11648/
j.plant.20170505.12.

[233] S. Nammi, S. Sreemantula, and B. D. Roufogalis, “Protective
Efects of Ethanolic Extract of Zingiber ofcinale Rhizome on
the Development of Metabolic Syndrome in High-Fat Diet-
Fed Rats,” Basic and Clinical Pharmacology and Toxicology
104, no. 5 (2009): 366–373, https://doi.org/10.1111/j.1742-
7843.2008.00362.x.

[234] S. Kim, M. S. Lee, S. Jung, et al., “Ginger Extract Ameliorates
Obesity and Infammation via Regulating Microrna-21/132
Expression and AMPK Activation inWhite Adipose Tissue,”
Nutrients 10, no. 11 (2018): 1567–1578, https://doi.org/
10.3390/nu10111567.

[235] K. Misawa, K. Hashizume, M. Yamamoto, Y. Minegishi,
T. Hase, and A. Shimotoyodome, “Ginger Extract Prevents
High-Fat Diet-Induced Obesity in Mice via Activation of the
Peroxisome Proliferator-Activated Receptor δ Pathway,”Te
Journal of Nutritional Biochemistry 26, no. 10 (2015):
1058–1067, https://doi.org/10.1016/j.jnutbio.2015.04.014.

[236] R. K. Goyal and S. V. Kadnur, “Benefcial Efects of Zingiber
ofcinale on GoldTioglucose Induced Obesity,” Fitoterapia
77, no. 3 (2006): 160–163, https://doi.org/10.1016/
j.ftote.2006.01.005.

[237] H. Kim, B. Kim, E. G. Mun, S. Y. Jeong, and Y. S. Cha, “Te
Antioxidant Activity of Steamed Ginger and Its Protective
Efects on Obesity Induced by High-Fat Diet in C57BL/6J
Mice,” Nutrition Research and Practice 12, no. 6 (2018):
503–511, https://doi.org/10.4162/nrp.2018.12.6.503.

[238] J. S. Bae and T. H. Kim, “Pancreatic Lipase Inhibitory and
Anti-Oxidant Activities of Zingiber ofnale Extracts,” Ko-
rean Journal of Food Preservation 18, no. 3 (2011): 390–396,
https://doi.org/10.11002/kjfp.2011.18.3.390.

[239] G. Saravanan, P. Ponmurugan, M. A. Deepa, and
B. Senthilkumar, “Anti-Obesity Action of Gingerol: Efect on
Lipid Profle, Insulin, Leptin, Amylase and Lipase in Male
Obese Rats Induced by a High-Fat Diet,” Journal of the
Science of Food and Agriculture 94, no. 14 (2014): 2972–2977,
https://doi.org/10.1002/jsfa.6642.

[240] M. Okamoto, H. Irii, Y. Tahara, et al., “Synthesis of a New
[6]-Gingerol Analogue and Its Protective Efect With
Respect to the Development of Metabolic Syndrome in
Mice Fed a High-Fat Diet,” Journal of Medicinal Chemistry
54, no. 18 (2011): 6295–6304, https://doi.org/10.1021/
jm200662c.

[241] J. H. Beattie, F. Nicol, M. J. Gordon, et al., “Ginger Phy-
tochemicals Mitigate the Obesogenic Efects of a High-Fat
Diet in Mice: A Proteomic and Biomarker Network
Analysis,” Molecular Nutrition & Food Research 55,
no. Suppl 2 (2011): S203–S213, https://doi.org/10.1002/
mnfr.201100193.

[242] C. Sampath,M. R. Rashid, S. Sang, andM. Ahmedna, “Specifc
Bioactive Compounds in Ginger and Apple Alleviate Hy-
perglycemia in Mice With High Fat Diet-Induced Obesity via
Nrf2 Mediated Pathway,” Food Chemistry 226 (2017): 79–88,
https://doi.org/10.1016/j.foodchem.2017.01.056.

[243] C. Li and L. Zhou, “Inhibitory Efect 6-Gingerol on Adipo-
genesis Trough Activation of the Wnt/β-Catenin Signaling
Pathway in 3T3-L1 Adipocytes,” Toxicology in Vitro 30, no. 1
(2015): 394–401, https://doi.org/10.1016/j.tiv.2015.09.023.

[244] S. Suk, S. G. Seo, J. G. Yu, et al., “A Bioactive Constituent of
Ginger, 6-Shogaol, Prevents Adipogenesis and Stimulates
Lipolysis in 3 T 3-L 1 Adipocytes,” Journal of Food Bio-
chemistry 40, no. 1 (2016): 84–90, https://doi.org/10.1111/
jfbc.12191.

Journal of Obesity 51

http://doi.org/10.21010/ajtcam.v13i2.11
http://doi.org/10.21010/ajtcam.v13i2.11
http://doi.org/10.1080/13880209.2016.1216135
http://doi.org/10.1080/13880209.2016.1216135
http://doi.org/10.1016/j.sjbs.2012.05.003
http://doi.org/10.5530/pj.2016.5.5
http://doi.org/10.1248/yakushi.125.213
http://doi.org/10.1248/yakushi.125.213
http://doi.org/10.1002/ptr.5986
http://doi.org/10.1016/j.metabol.2012.03.016
http://doi.org/10.1016/j.metabol.2012.03.016
http://doi.org/10.1111/bcpt.12196
http://doi.org/10.11648/j.plant.20170505.12
http://doi.org/10.11648/j.plant.20170505.12
http://doi.org/10.1111/j.1742-7843.2008.00362.x
http://doi.org/10.1111/j.1742-7843.2008.00362.x
http://doi.org/10.3390/nu10111567
http://doi.org/10.3390/nu10111567
http://doi.org/10.1016/j.jnutbio.2015.04.014
http://doi.org/10.1016/j.fitote.2006.01.005
http://doi.org/10.1016/j.fitote.2006.01.005
http://doi.org/10.4162/nrp.2018.12.6.503
http://doi.org/10.11002/kjfp.2011.18.3.390
http://doi.org/10.1002/jsfa.6642
http://doi.org/10.1021/jm200662c
http://doi.org/10.1021/jm200662c
http://doi.org/10.1002/mnfr.201100193
http://doi.org/10.1002/mnfr.201100193
http://doi.org/10.1016/j.foodchem.2017.01.056
http://doi.org/10.1016/j.tiv.2015.09.023
http://doi.org/10.1111/jfbc.12191
http://doi.org/10.1111/jfbc.12191


[245] T. F. Tzeng and I. M. Liu, “6-Gingerol Prevents Adipogenesis
and the Accumulation of Cytoplasmic Lipid Droplets in 3T3-
L1 Cells,” Phytomedicine 20, no. 6 (2013): 481–487, https://
doi.org/10.1016/j.phymed.2012.12.006.

[246] J. Ahn, H. Lee, S. Kim, and T. Ha, “Curcumin-Induced
Suppression of Adipogenic Diferentiation Is Accompanied
by Activation of Wnt/β-Catenin Signaling,” American
Journal of Physiology: Cell Physiology 298, no. 6 (2010):
C1510–C1516, https://doi.org/10.1152/ajpcell.00369.2009.

[247] P. Pulbutr, K. Tunchomna, K. Lawa, A. Mangkhalat, and
P. Saenubol, “Lipolytic Efects of Zingerone in Adipocytes
Isolated From Normal Diet-Fed Rats and High Fat Diet-Fed
Rats,” International Journal of Pharmacology 7, no. 5 (2011):
629–634, https://doi.org/10.3923/ijp.2011.629.634.

[248] Y. S. Lai, W. C. Lee, Y. E. Lin, et al., “Ginger Essential Oil
Ameliorates Hepatic Injury and Lipid Accumulation in High
Fat Diet-Induced Nonalcoholic Fatty Liver Disease,” Journal
of Agricultural and Food Chemistry 64, no. 10 (2016):
2062–2071, https://doi.org/10.1021/acs.jafc.5b06159.

[249] S. Suk, G. T. Kwon, E. Lee, et al., “Gingerenone A, a Poly-
phenol Present in Ginger, Suppresses Obesity and Adipose
Tissue Infammation in High-fat Diet-fed Mice,” Molecular
Nutrition & Food Research 61, no. 10 (2017): 1700139, https://
doi.org/10.1002/mnfr.201700139.

[250] C. Roh and U. Jung, “Screening of Crude Plant ExtractsWith
Anti-Obesity Activity,” International Journal of Molecular
Sciences 13, no. 2 (2012): 1710–1719, https://doi.org/10.3390/
ijms13021710.

[251] U. E. Mostafa and L. Labban, “Efect of Zizyphus jujuba on
Serum Lipid Profle and Some Anthropometric Measure-
ments,” Advancement in Medicinal Plant Research 1, no. 3
(2013): 49–55.

[252] A. Balakrishnan, P. D. Balasubramaniyam, B. Pemaiah, and
S. K. Natesan, “Anti-Obesity Activity of Zizyphus jujuba
Lam. In Female Rats Fed on High Fat Diet,” in 2nd In-
ternational Conference on Medical, Biological and Pharma-
ceutical Sciences (ICMBPS’2012) Singapore April 28-29, 2012
(2012).

[253] H. Kubota, R. Morii, A. Kojima-Yuasa, X. Huang, Y. Yano,
and I. Matsui-Yuasa, “Efect of Zizyphus jujuba Extract on
the Inhibition of Adipogenesis in 3T3-L1 Preadipocytes,”
Te American Journal of Chinese Medicine 37, no. 3 (2009):
597–608, https://doi.org/10.1142/s0192415x09007089.

[254] Z. H. Al-Mustafa and A. A. Dafallah, “A Study on the
Toxicology of Acacia nilotica,” Te American Journal of
Chinese Medicine 28, no. 1 (2000): 123–129, https://doi.org/
10.1142/s0192415x00000155.

[255] L. A. Alli, A. A. Adesokan, O. A. Salawu, and M. A. Akanji,
“Toxicological Studies of Aqueous Extract of Acacia nilotica
Root,” Interdisciplinary Toxicology 8, no. 1 (2015): 48–54,
https://doi.org/10.1515/intox-2015-0005.

[256] Y. A. Abdirahman, K. K. Juma, M. Mukundi, et al., “Te
Hypoglycemic Activity and Safety of Aqueous Stem Bark
Extracts of Acacia nilotica,” Journal of Drug Metabolism &
Toxicology 6, no. 1 (2015): 6–4.
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M. I. Choudhary, and O. G. Nacoulma, “Extracts of Guiera
senegalensis J.F. Gmel (Combretaceae) Galls Ameliorates
Streptozotocin Induced Diabetes Mellitus Rat Status,” In-
ternational Journal of Biochemistry Research & Review 25,
no. 2 (2019): 1.

[438] L. M. Ntondele, M. P. Nsompi, and K. R. Cimanga, “As-
sessment of Aphrodisiac Efects in Male and Female Ani-
mals, Acute and Subacute Toxicity of Diazostimul,”
European Journal of Biomedical and Pharmaceutical Sciences
7, no. 2 (2020): 16–30.

[439] I. G. Bako, M. A. Mabrouk, and A. Abubakar, “Antioxidant
Efect of Ethanolic Seed Extract of Hibiscus sabdarifa Linn
(Malvaceae) Alleviate the Toxicity Induced by Chronic
Administration of Sodium Nitrate on Some Haematological
Parameters inWistars Rats,”Advance Journal of Food Science
and Technology 1, no. 1 (2009): 39–42.

[440] I. Gaya, O. Mohammad, A. Suleiman, M. Maje, and
A. Adekunle, “Toxicological and Lactogenic Studies on the
Seeds of Hibiscus sabdarifa Linn (Malvaceae) Extract on
Serum Prolactin Levels of Albino Wistar Rats,” Te Internet
Journal of Endocrinology 5, no. 2 (2017): 1–6.

[441] A. C. G. V. Gheller, J. Kerkhof, G. M. V. Júnior,
K. E. de Campos, and M. M. Sugui, “Antimutagenic Efect of
Hibiscus sabdarifa L. Aqueous Extract on Rats Treated With
Monosodium Glutamate,” Science World Journal (2017):
9392532, https://doi.org/10.1155/2017/9392532.

[442] S. Sireeratawong, A. Itharat, P. Khonsung,
N. Lertprasertsuke, and K. Jaijoy, “Toxicity Studies of the
Water Extract From the Calyces of Hibiscus sabdarifa L. In
Rats,” African Journal of Traditional, Complementary and
Alternative Medicines 10, no. 4 (2013): 122–127, https://
doi.org/10.4314/ajtcam.v10i4.20.

[443] F. Sari, M. Nurkhasanah, and S. Bachri, “Acute Toxicity Test
of Rosella (Hibiscus sabdarifa L.) Calyx Ethanolic Extract on

Sprague Dawley Rats,” Traditional Medicine Journal 21, no. 1
(2016): 12–18.

[444] N. Mahfudh and A. Fajrin, “Te Efect of Subchronic Ad-
ministration of Rosella (Hibiscus sabdarifa L.) Extract on
Levels of Ureum, Creatinine, and Renal Histopathology,”
International Journal of Pharmaceutical Sciences and Re-
search 10, no. 2 (2018): 649–654.

[445] P. Gulsheen, A. Kumar, and A. Sharma, “In Vivo Antianxiety
and Antidepressant Activity of Hibiscus sabdarifa Calyx
Extracts,” Journal of Pharmacy Research 11, no. 8 (2016):
902–966.

[446] P. C. Onyenekwe, E. O. Ajani, D. A. Ameh, and
K. S. Gamaniel, “Antihypertensive Efect of Roselle (Hibiscus
sabdarifa) Calyx Infusion in Spontaneously Hypertensive
Rats and a Comparison of its Toxicity With Tat in Wistar
Rats,” Cell Biochemistry and Function 17, no. 3 (1999):
199–206.

[447] A. A. Al Bahi and W. S. Abdelgadir, “Efects of Dietary
Furundu (Fermented Hibiscus sabdarifa Seed) Supple-
mentation on the Performance, Some Blood and Serum
Parameters and Histopathology of Wistar Rats,” Advance
Journal of Food Science and Technology 4, no. 2 (2012): 64–69.

[448] K. E. Imafdon, M. A. Durojaiye, and B. O. Daniel, “Safety
Assessment of Ipomoea batatas (L). Lam Leaf Extract,
a Traditional Haematinic; in Male Wistar Rats,” Journal of
the Ghana Science Association 16, no. 2 (2015): 45–51.

[449] M. Majid, F. Ijaz, M. W. Baig, B. Nasir, M. R. Khan, and
I. Haq, “Scientifc Validation of Ethnomedicinal Use of
Ipomoea batatas L. Lam. As Aphrodisiac and Gonadopro-
tective Agent Against Bisphenol an Induced Testicular
Toxicity in Male Sprague Dawley Rats,” BioMed Research
International 2019 (2019): 8939854, https://doi.org/10.1155/
2019/8939854.

[450] M. Majid, B. Nasir, S. S. Zahra, M. R. Khan, B. Mirza, and
I. Haq, “Ipomoea batatas L. Lam. Ameliorates Acute and
Chronic Infammations by Suppressing Infammatory Me-
diators, a Comprehensive Exploration Using In Vitro and In
Vivo Models,” BMC Complementary and Alternative Med-
icine 18, no. 1 (2018): 216, https://doi.org/10.1186/s12906-
018-2279-5.

[451] V. Panda, M. Sonkamble, and S. Patil, “Wound Healing
Activity of Ipomoea Batatas Tubers (Sweet Potato),” Func-
tional Foods in Health and Disease 1, no. 10 (2011): 403–415,
https://doi.org/10.31989/fhd.v1i10.118.

[452] T. H. Olubobokun, E. O. Aluko, E. E. Iyare,
U. S. B. Anyaehie, E. D. Olatunbosun, and G. I. Aizenabor,
“Aqueous Extract of Ipomoea batatas Reduces Food Intake
in Male Wistar Rats: A Pilot Study,” Annals of Medical and
Health Sciences Research 4, no. 4 (2014): 647–649, https://
doi.org/10.4103/2141-9248.139362.

[453] H. Kang, Y. G. Kwak, and S. Koppula, “Protective Efect of
Purple Sweet Potato (Ipomoea batatas Linn., Con-
volvulaceae) on Neuroinfammatory Responses in
Lipopolysaccharide-Stimulated Microglial Cells,” Tropical
Journal of Pharmaceutical Research 13, no. 8 (2014):
1257–1263, https://doi.org/10.4314/tjpr.v13i8.9.

[454] M. I. Usman, A. B. Mu’azu, Y. Abdulmumin, J. F. Usman,
and A. Mohammed, “Phytochemical Analysis and Acute
Toxicity (LD50) Studies of Aqueous Seed Extract of Irvingia
gabonensis (African Mango),” Journal of Biology, Agriculture
and Healthcare 9, no. 24 (2019): 44–48.

[455] E. G. Ewere and N. P. Okolie, “Phytochemicals, Antioxidant
Activity and Acute Toxicity of Ethanol Stem Bark Extract of

Journal of Obesity 59

http://doi.org/10.4102/ojvr.v72i2.206
http://doi.org/10.18052/www.scipress.com/ijppe.13.35
http://doi.org/10.18052/www.scipress.com/ijppe.13.35
http://doi.org/10.1155/2017/9392532
http://doi.org/10.4314/ajtcam.v10i4.20
http://doi.org/10.4314/ajtcam.v10i4.20
http://doi.org/10.1155/2019/8939854
http://doi.org/10.1155/2019/8939854
http://doi.org/10.1186/s12906-018-2279-5
http://doi.org/10.1186/s12906-018-2279-5
http://doi.org/10.31989/ffhd.v1i10.118
http://doi.org/10.4103/2141-9248.139362
http://doi.org/10.4103/2141-9248.139362
http://doi.org/10.4314/tjpr.v13i8.9


Irvingia gabonensis O’Rorke Baill. EC,” Pharmacology &
Toxicology 6, no. 6 (2018): 390–399.

[456] E. G. Ewere, E. Uka, and U. Usunobun, “Phytochemical
Composition, In Vitro Antioxidant Activity and Acute
Toxicity of Irvingia gabonensis (O’Rorke) Baill. Ethanolic
Leaf Extract,” International Journal of Biological Research 4,
no. 1 (2016): 36–41, https://doi.org/10.14419/ijbr.v4i1.5939.

[457] C. K. Ezeasor, C. Chukwuma, S. O. Ekere, and P. Abah,
“Subchronic Toxicity Studies of Aqueous Leaf and Stem Bark
Extract of Irvingia gabonensis in Male Albino Wistar Rats,”
Comparative Clinical Pathology 26, no. 3 (2017): 553–559,
https://doi.org/10.1007/s00580-017-2417-3.

[458] S. C. Kothari, P. Shivarudraiah, S. B. Venkataramaiah,
S. Gavara, and M. G. Soni, “Subchronic Toxicity and Mu-
tagenicity/Genotoxicity Studies of Irvingia gabonensis Ex-
tract (IGOB131),” Food and Chemical Toxicology 50, no. 5
(2012): 1468–1479, https://doi.org/10.1016/j.fct.2012.02.023.

[459] C. U. Nwosu, S.W. Hassan, M. G. Abubakar, and A. A. Ebbo,
“Anti-Diarrheal and Toxological Studies of Khaya sensga-
lences,” Journal of Pharmacology and Toxicology 7, no. 1
(2011): 1–10, https://doi.org/10.3923/jpt.2012.1.10.

[460] A. M. Franck, G. Konan, M. G. François, C. C. Massara,
D. A. Joseph, and D. Mireille, “Antihyperglycemic Activity
and Phytochemical Screening of Khaya senegalensis
(Meliaceae) in Wistar Rats,” Advances in Biochemistry 4,
no. 5 (2016): 53–57.

[461] S. A. S. Soha, T. V. Dougnon, O. F. Ohouko, et al., “Larval
Cytotoxicity and Acute Oral Toxicity of Aqueous Extracts of
Elaeis guineensis Leaves and Khaya senegalensis Stem Bark in
Wistar Rats,” International Journal of Advanced Research 7,
no. 9 (2019): 573–584.

[462] H. Umar, O. Ahmed, D. A. Mohammad, and
O. M. Shakirdeen, “Toxicological Evaluation of Aqueous
Extract of Khaya senegalensis Stem Bark on Liver Function
Indices in Albino Rats,” International Journal of Pure &
Applied Bioscience 2, no. 4 (2014): 203–209.

[463] A. Onu, Y. Saidu, M. J. Ladan, L. S. Bilbis, A. A. Aliero, and
S. M. Sahabi, “Efect of Aqueous Stem Bark Extract of Khaya
senegalensis on Some Biochemical, Haematological, and
Histopathological Parameters of Rats,” Journal of Toxicology
2013 (2013): 1–9, https://doi.org/10.1155/2013/803835.

[464] A. A. A. Abdel-Wareth, S. Hammad, and H. Ahmed, “Efects
of Khaya senegalensis Leaves on Performance, Carcass Traits,
Hematological and Biochemical Parameters in Rabbits,”
EXCLI Journal 13 (2014): 502–512.

[465] S. D. Patil, A. S. Jain, and V. J. Kadam, “Assessment of the
Hepatoprotective Potential of Ethanolic Extract of Lufa
aegyptiacaMill. In Alcohol-Induced Hepatic Injury in Rats,”
International Research Journal of Pharmacy 9, no. 7 (2018):
219–224, https://doi.org/10.7897/2230-8407.097153.

[466] G. S. Nguenang, A. S. M. Ntyam, and V. Kuete, “Acute and
Subacute Toxicity Profles of the Methanol Extract of
Lycopersicon esculentum L. Leaves (Tomato), a Botanical
With Promising In Vitro Anticancer Potential,” Evidence-
based Complementary and Alternative Medicine 2020, no. 1
(2020): 8935897, https://doi.org/10.1155/2020/8935897.

[467] E. Ventrella, Z. Adamski, E. Chudzińska, et al., “Sol-
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