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ARTICLE INFO ABSTRACT

The majority of human populations in developing countries rely on traditional medicines but the practice of
traditional medicine is not the same across the world. In this study, the authors investigated traditional med-
icinal uses of plants by the communities living around Apra Hills Sacred Grove, in southern Ghana. A total of 75
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TOXiCO]Og}" households in three communities, namely, Akrampa, Apra and Loye, living in the study area were interviewed
gznservatlon about the plants they used for the management of their common human ailments. Data collection was achieved
ana

after obtaining prior-informed consent, and using a semi-structured questionnaire. Botanical voucher specimens
of the plants reported as being used were collected following standard ethnobotanical practice. A total of 31
species of plants belonging to16 families were reported as being used in the management and treatment of
diseases. Approximately 65% of the plants were collected from degraded areas outside the protected area of the
grove whereas 35% were obtained from inside the protected area of grove (wild). The majority (81%) of the
plants reported were non-cultivated plants while 19% were semi-cultivated plants, and none were cultivated.
Leaves formed a major component (57%) of the plant materials being used and most of the herbal remedies were
prepared by boiling and the decoctions drunk. The results of the study have also confirmed the ethnobotanical
uses of the plants as well as highlighted “new use reports”. The study has confirmed importance of degraded
areas as a source of medicinal plants for indigenous communities and that a high proportion of non-cultivated
plants is used for such medicines. Plants in need of further investigations based on a survey of the available
literature on their ethnobotanical use, biological activity and toxicological studies have been highlighted.

1. Introduction

Nature is the greatest source of remedies for many health problems
as about 71% of new drugs that have been approved since 1981 have
directly or indirectly been derived from natural products (Newman and
Cragg, 2012). Plants have traditionally played a major role in the
treatment and management of human diseases and ailments
(Thirumalai et al., 2009). The use of traditional medicines, especially
herbal medicine, as an alternative to conventional medicine is be-
coming increasingly more popular worldwide. It is estimated that about
80% of the human populations of developing countries depend upon
traditional medicines (Calitox, 2005).

The term traditional medicine refers to the sum of the knowledge,
skills and practices based on theories, beliefs and experiences in-
digenous to different cultures that are used to maintain and improve
health, as well as to prevent, diagnose and treat physical and mental
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illnesses (WHO, 2008). In North America, Europe, and other developed
regions over 50% of the populations have used traditional medicine at
least once. The world market for herbal medicines in the year 2003
stood at over US$ 60 billion per year, and is growing steadily (WHO,
2003). Nevertheless, the practice of traditional medicine is not the same
all over the world but varies from place to place as it depends on factors
such as the history, philosophy and personal attitudes of the users
(Togola, 2008). The Word Health Organization (WHO) has a keen in-
terest in documenting the use of medicinal plants by indigenous people
from different parts of the world (Buragohain, 2011).

The study of interactions between people and plants in their en-
vironment is termed ethnobotany (Martin, 1995). The interactions be-
tween people and plants are nowadays widely viewed as a useful tool
for the preservation of traditional knowledge (Heinrich et al., 2006),
and biodiversity conservation (e.g., see Boadu and Asase, 2017). Eth-
nobotany is also about the study of modern and indigenous societies
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view about the usage of plants as medicines (Balick and Cox, 1995).
Many indigenous cultures possess a great store of knowledge regarding
herbal medicines for the treatment and management of various human
diseases and ailments but this knowledge has not yet been documented
(Offiah et al., 2011). Information on indigenous use of plants through
further research such as pharmacological, biochemical and phyto-
chemical studies has the potential to lead to discovery of new bioactive
agents for the treatment of ailments (Koné and Atindehou, 2008). The
indigenous uses of plants as well as understanding of vegetation
changes by such communities have also social and public health im-
plications (McDade et al., 2007; Reyes-Garcia et al., 2008), and as such
it should be documented without delay. The documentation of scientific
research on traditional medicines may help conserve an important
component of indigenous peoples’ cultural heritage for future genera-
tions (Mahwasane et al., 2013) as well as enhance conservation of
biodiversity (Boadu and Asase, 2017).

In Ghana, ethnobotanical studies have been carried out among
different cultures to explore the wealth of medicinal plant knowledge in
the country (e.g., Agyare et al., 2014; Gyasi et al., 2015; Komlaga et al.,
2015). There are reports on general surveys on ethnobotanical knowl-
edge on Ghanaian plants including those used as medicines (Irvine,
1961; Abbiw, 1990; Dokosi, 1998; Mshana et al., 2001). However, there
are still gaps in our knowledge about medicinal plants used by different
cultures and geographical areas in Ghana, and broadly within the West
African region. There is currently a paucity of detailed scientific
knowledge about medicinal plant among many communities in West
Africa.

In this contribution, we investigated medicinal uses of plants by
communities living in a clearly defined geographical area, Apra Hills
Sacred Grove, in southern Ghana. The objectives of the study were
to: (1) analyze diversity of species of plants, and mode of use of
medicinal plants; and (2) review the available literature on ethno-
botanical uses, biological activities and toxicity of the plants re-
ported being used. The authors hypothesized that a significant pro-
portion of the plants used by the communities in the study area for
management of their healthcare problems were obtained from de-
graded areas outside the protected areas of the grove. They further
hypothesized that most of the plants used for medicines were non-
cultivated plants. We aimed to specifically answer the following re-
search questions: (1) What are the most preferred species of plants
used for medicines? (2) Which plant families are commonly used for
medicines? (3) Where are plants commonly used for medicines col-
lected (wild vs. degraded areas of the grove)? (4) What proportion of
the plants used are cultivated or non-cultivated plants? (5) What
proportions of different plant parts are used for medicines? (6)
Which uses of the species of plants recorded in our current study
have been previously documented in the ethnobotanical literature?
(7) Which species of plants recorded in our current study have been
screened for their biological and toxicological activities?

2. Materials and methods
2.1. Study area

The Apra Hills Sacred Grove is located in the Awutu Effutu Senya
District in the Central Region of Ghana. The study area lies between
latitude 5° 35’ N and 5° 30’ N, and longitude 0° 30’ and 0° 35’ W, and
covers a total land area of 226 ha (Fig. 1). The area is made up of two
adjacent West and Eastern hills. Vegetation type in the study area falls
within the Southern Marginal forest type of Hall and Swaine (1981) and
the grove is one of best remaining patches of this forest type in Ghana.
To the best of the authors knowledge, there are no previous reports or
ethnobotanical studies about the communities living around the Apra
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Hills Sacred Grove. The Awutu people are the indigenous ethnic group
living in the study area although other groups such as the Ewe can be
found in the area (Forestry Section Report, 1989). The most common
religious groups found in the area were Christians, Muslims and tradi-
tional believers. The traditional believers worship the Adoko, Wianda
and Amaga gods, and they depend largely on traditional medicine for
their primary health care needs.

2.2. Methods

The study was conducted in three major communities, namely,
Akrampa, Apra and Loye, surrounding the Apra Hills Sacred Grove.
Within each community several households were randomly selected for
interviews. In total, 75 households were interviewed about medicinal
plants being used in the management and treatment of common ail-
ments and diseases. The Heads of the households were the primary
focus of our interviews although any member of a household could
contribute information during the interviews. A household usually
consisted of members of a single family including house helps/servants,
and on average three adults (=18 years) constituted a household in the
study area. Data collection from households started after initial inter-
actions with communities, and after obtaining prior-informed consent
of the family head following the guidelines of the Code of Ethics of the
International Society of Ethnobiology (2008).

Data collection was carried out using a pre-tested and semi-struc-
tured questionnaire (Supplementary data) that was designed in ac-
cordance with standard ethnobotanical methods (Alexiades and
Sheldon, 1996; Cunningham, 2001). The first author with the aid of an
interpreter performed the interviews (Fig. 2). The interviews were
conducted mostly on Mondays because it was a local taboo day, and as
such communities living around the grove do not go to farms that day
and thus were available to be interviewed. In addition to household
interviews, field-based free-listing interviews were conducted with
three forest guards from the Forestry Commission of Ghana, who
manage the area. The interviews with the forest guards focused on
medicinal uses of plants within nine inventoried 25 m x 25 m sample
plots in the study area. The guards consulted among themselves to bring
up the known traditional uses of plants that were encountered within
the plots.

Botanical voucher specimens of the plants reported as being used
were collected, and processed following standard procedure (Martin,
1995), and the specimens were deposited in the Ghana Herbarium (GC)
at the Department of Plant and Environmental Biology, University of
Ghana. Species of plants were identified in the field, and later con-
firmed using voucher specimens at the Ghana Herbarium. Nomen-
clature of the plants was updated following The Plant List (http://www.
theplantlist.org; accessed 10/08/2016).

A review of the available literature on previously reported ethno-
botanical uses, biological activities and toxicity studies on the plants
identified being used in this study were undertaken. The search was
conducted largely via PubMed, Science direct and Google Scholar as
well as reviewing standard literature on medicinal plants in Ghana and
elsewhere in the West African region.

3. Results and discussion
3.1. Diversity and uses of medicinal plants

A total of 31 species of plants were reported as being used in the
treatment and management of diseases and ailments in the study area
(Table 1). The most frequently mentioned plant by the communities
was Khaya senegalensis followed by Lecanioidiscus cupanioides. Con-
versely, Momordica charantia was the least cited plant. The species of
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Fig. 1. Map of the study area (Apra Hills Sacred Grove, southern Ghana) showing location of sample plots.

plants mentioned as being used belong to 16 plant families and four of
the families namely, Euphorbiaceae, Apocynaceae, Fabaceae and Ru-
taceae contributed the majority of the species reported (Fig. 3a). The
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dominance of species of the above families was not surprising as a re-
cent floristic survey carried out in the study area showed that the lar-
gest families were Fabaceae (11 species), Apocynaceae (8 species),
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Fig. 2. Ethnobotanical interview of a local informant by first author.

Euphorbiaceae (6 species), Sterculiaceae (6 species), and Rubiaceae (5
species) (Adeoye, 2015). Alternatively, the families Annonaceae, Cur-
cubitaceae, Malvaceae, Menispermaceae, Rubiaceae and Verbanaceae
contributed only one species each to the plants reported as being used
and this could be due to their poor representation in the flora of the
study area. The species being used included trees, shrubs, climbers and
herbaceous plants- 39% of the plants reported were trees and 9% were
climbers (Fig. 3b).

About 29% of the plants reported were collected only from the wild
(within the protected area of the Apra Hills Sacred Grove), 65% of the
plants were collected from the degraded areas only outside the pro-
tected area of the grove, whereas 6% were collected from both wild and
degraded areas. Degraded areas included abandoned farmlands and
other wastelands usually around the people’s vicinity of habitation. The
value of degraded habitats as sources of medicinal plants for local
communities have been recognized (Towns et al., 2014) as old growth
forests are becoming scarce and overexploited (Salick et al., 1995;
Chazdon and Coe, 1999), and the results of this study provide further
confirmation. Most (81%) of the plants used were non-cultivated plants,
and 19% of them were semi-cultivated plants (Table 1). As the demand
for medicinal plants is increasing rapidly due to growth of human po-
pulations and commercial trade, wild growing plants are being over-
exploited (Schippmann et al., 2002). Adequate protection of medicinal
plants can be achieved through an increase in regulation and in-
troduction of sustainable harvesting methods; however, a more viable
long-term solution may involve the cultivation of medicinal plants
(Schippmann et al., 2002; WHO et al., 1993). The cultivation of med-
icinal plants requires appropriate skills for intensive care and man-
agement. Other factors such as rates of growth, survival, reproduction,
population structure and dynamics, as well as nutrient and organic
dynamics should be taken into consideration in the selection of med-
icinal plants for cultivation (Ticktin, 2004).

Leaves, roots, stem barks, and fruits of the plants were the parts
reported as being used in the preparation of herbal remedies (Fig. 4).
Leaves formed the major component (57%) of the plant parts used
while the least used plant part was fruits (2%). Our finding on the
proportions of different plant parts used in this study agrees with most
of the previous ethnobotanical studies that have indicated the pre-
dominance of leaves as being used in the preparation of herbal medi-
cines (Adnan et al., 2014; Bernarba et al., 2015; Sher et al., 2015). Leaf
materials are commonly used in local medicines because they are most
easily accessible and constitute a key factor in the identification of
plants. Also, harvesting of leaves has less detrimental impact on plants
compared to harvesting of roots and stem barks especially where there
are no sustainable harvesting strategies in place (Asase et al., 2005).
The most commonly used methods for preparation and application of
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plant materials was boiling and drinking of the decoction. Over 70% of
the herbal medicines reported in this study were prepared by boiling
fresh plant material and the decoctions drunk, which was similar to that
reported in previous ethnobotanical studies (Mahwasane and Boaduo,
2013; Bernarba et al., 2015). Some of the herbal remedies were also
prepared in the form of infusions and administered topically.

3.2. Review of ethnobotanical use, biological and toxicological studies of
medicinal plants

A review of the ethnobotanical uses of plants showed that all the
species of plants identified in this study have all been previously
documented as being used in herbal medicines in Ghana and widely
elsewhere in West Africa. Some of the reported uses of plants are similar
to those previously documented while other reported uses are “new
reports”. Knowledge of species of plants that are used in different areas
can highlight those plants that are well known and well documented as
well as those that need further studies. A total of 12 plants out of the 31
identified in this study were found to have similar uses in the available
literature. These species of plants and their corresponding uses were:
Agzadiracthta indica for malaria in Ghana (Asase et al., 2005; and else-
where Burkill, 1999); Chassalia kolly for management of typhoid and
fevers in Nigeria (Onocha and Ali, 2010); Chromolaena odorata used for
the treatment of a wide range of ailments including piles in Nigeria
(Omokhua et al., 2016); Lantana camara for treatment of swollen eyes
or inflammations of the eyes (Burkill, 2000; Abbiw, 1990); Securinega
virosa for management of fatigue (Burkill, 1985; Mshana et al., 2001);
and Mallotus oppositifolius for treatment of stomach aches (Christensen
et al., 2015). Other similar uses were Mangifera indica for malaria
(Asase et al., 2005); Mormordica charantia for treatment of stomach
aches (Dokosi, 1998); Senna siamea for treatment of malaria (Komlaga
et al., 2016); Tiliacora dielsiana to treat stomach aches; Vernonia cinera
for inflammations; and Zanthoxylum zanthoxyloides for treatment of
toothaches (Ogwal-Okeng et al., 2003).

New use reports included use of the leaves of Afraegle paniculata for
the management of piles and back pain in this study while a previous
study in Ghana reported the use of the plant for malaria in northwest of
Ghana (Asase et al., 2005). Leaves and stem of Baphia nitida were re-
ported as treatment of waist pain (used to describe any pain associated
with this area of the body) in this study while in Nigeria the plant is
used for management of diarrhoea (Adeyimne and Akindele, 2008), and
inflamed and infected umbilical cords (Onwukaeme, 1995). Capparis
erythrocarpus was reported for the treatment of piles and waist pains but
used as aphrodisiac elsewhere (Singh et al., 2010). The use of Gymnema
sylvestres for treatment of diabetes is well known (e.g. Kirtikar and Basu,
1975) but in this study the plant is reported for the treatment of
measles. Other plants that have new use reports included Holarrhena
floribunda for waist pain and malaria, Jatropha gossypifolia for fatigue,
Lecaniodiscus cupanioides for treatment of bone fracture, Mezoneuron
benthamianum for chest pain, Paullinia pinnata for waist pain and fa-
tigue.

The biological activities of 29 of the species of plants encountered
have been studied (Table 2). These plants have been screened for anti-
microbial (10 plants), anti-inflammatory activity (9 plants), antioxidant
activity (9 plants), antimalarial/anti-plasmodial (5 plants), anti-bac-
terial (3 plants), anti-mycobacteria (3 plants), anti-diarrhoeal activity
(3 plants), anti-leishmanicidal (3 plants), anti-hypoglycemic (3 plants)
and anti-depressant (4 plants) activities. Other species of plants have
been screened for their biological activities such as antifertility, anti-
proliferative, anti-protozoan, anti-typhoid, analgesic/pyretic, antiviral,
anti-helminthic, anticancer and muscle relaxant activities. The sig-
nificant biological properties exhibited by extracts of the plants lead
credence to their indigenous uses. There was, however, no information
on biological activities of three of the plants, namely; Ritchiea reflexa,
Teclea verdooniana and Tiliacora dielsiana.

Evaluation of toxicity caused by plants is of fundamental



Journal of Herbal Medicine 14 (2018) 76-87

(98pd 1x2u U0 panunu0d)

80

A. Adeniyi et al.

mwmmmm2\~NHO\=D_uuouwQ E_Nn— Istem 104 S9ABIT 61 uwmzo.«\—uﬁg O&EOuOn—A\ Aﬂﬂhﬂwv oeddRUOUUY AOV §n—<v -ds DLDA[)
(£€ VddV)
[e1Q/U0n2039q SUDe YOBWO)S JBAI) O, j004 8 15910 /PIIM 9j01dp  (qniys) seddeurradsIudA [91z[ed R YIINH DUDISJIP DLOIDYL,
J1eq (9¢ vddv)
TeI1IQ,/U0ND033Qg IOA9J pUR P[0 10  WIA)S PUB SIARY] 61 15910J/PIIM ndeund nsQ (991]) 9BooRINY  BOUOPUSIN R [[9XH DUDILIOOP.2A D2]I3],
[e10/U0nD023(q sydepesy Jo Jusunean 104 S9ARST 61 15910 /PIIM urkadnpyg (euery) aeadeukdody (€€ V4dV) DA snpudsry smyguvydo.ns
[e10/U0n2023Qq andnej jean o, S9ABT 8  seare papeidaq/plIM eqRJY (991],) seadRIpIRIRUY (z€ vddv) "1 uiquious spipuods
S9ABI] sea1e papeidsp
[eI0/Uond023q ured Yoeq pue SO[SEOUWI JBAI) O],  pUR SHNIJ ‘S}00Y 61 /PRIBATIND-TUIDS pemfewry (qnIys) aeadeue[os (6€ VIdV) "MS Wna1o1 Wnujos
[eIQ/u0n2033q BLIB[EW IO  S)OOI PUB SIABY] 8¢  seale papeidop/padm unfog (qnays) seadeur[os (L€ VYdV) 'uod ‘g WMuDLL Wnunjos
[e10/U012023Qq ured )sTem 104 S)OOI PUB SIABY] 8  seare papeidap/pasm UBS9JOIN (qI9H) 2BadRATRIN (1€ VddV) pmop bpis
yreq (8¢ VddV) Aqaureg
resrdo,/[e10 pue uor0Qq eLIR[EW pUR $943 Ud[joms ‘ured yoeq ‘O[id 0], WIS pue SIABIT 8  seare papeidap/plIM BISSED (931]1) 2eadeqe] R uImIf °S ‘H (‘WeT) Dawis DUUds
(81 VddV) Tired
[eI0/Uond023q on3ney pue ured yoeq ‘saqid Jo JudunEan 104 S9ARST 8 159103 /PTIM 01q0Y0Y Jeaoerqroydnyg ('PIIIM Xd "qX0Y) DS0.14 DSIULINIGS
(ST vidv) ‘ueg
[e10/uon2023q SaUDepeaY IO  SJOOI PUB SIABST 1T  seare paperdap/plim opeu nndo (qnuys) seasereddden 319 3 8[19 ("uuoy],) pXaY. DaNYINY
seale papeidsp
[e10/Uond023q sa[seaw pue sdndory jean o, S9ARST 61 /PRIBANNO-TURS  BWNIURPIPY (9211 2eadeIqioydnyg (b2 VIdY) T Sawmund snumty
[e10/uon2023q andnej pue ured IsTem Jo JUSUNEAI) 10  SIOOI PUB SIARDT 1T  seare papeidap/plim unuemmJ, (q1oH) seadepurdes (€2 vddv) "1 pwuud puajnod
LInjruiny
[erouad pue sasnoy jo SULOOI I0j SIWRI SB SN 10J S9ARI[ pue
[BIQ/UONID009  WID)S :9SN JIYIQ 'AYDBYDBUIO)S PUB ISAJJ JO JUSUILIL],  S)00I “Ieq WIS ¥ 15910J/Pad M EYNE) ¢ (qI9H) 2e90RIIqNIIND (L1 VddV) "1 DRUDIDYD DIIPLOUWON
(2T vddv)
93esseAl/[e10,/U0112039( ured 1s9Yd Jo JuauneaI 104 S9ABT 8¢ 15910J/PIIM osuoyony| (qI9H) aeadeqR] ‘TIleq WNUDIUDYIUAq UOMIUOZIN
Ppooj se uajes S2ABI[ seare papeidap
[BIQ/UOND029( SN :9SN ISYIQ ‘I9A9J PUR SI[SEIW JO JUSUIRDI) 104 pue YIeq wolg 61 /Po1BATI[ND-TWIDS o3uepy (991],) seadRIpIRIRUY (Pa1231[02 J0U) *T DIIPUI DLJISUDA
S9ARI[ pue (6T V4dVY) S1v'TINIA
[e10/U0n2023Qq SaYoe yoewo)s pue ured [ENIISUSW JO JUSWIILAL],  S)00I “Ieq WIS 8  seare papeidap/plIM enpnes (q1oH) seadeIqioydnyg (1910s19D) smyofisoddo smoyvA
(910 VddV) "pusg
Teordo],/uon029q 9INJORIJ 9UO( JO JusUEaT) 104 S9ABT 6 15910J/PIIM eqeum(nlo seadepurdes "X3 YduR[q Saproundnd snisipoIuDIIT
esrdo,/uoisnjuy S943 ud[[OMS JBa1} O], SIABT 8¢ BaIR papeISap/pPIIM IqU-TIqN SBIDRUIQIOA (£0 V¥ddV) "1 DIDWDI DUDIUDT
S9ARD[ pue (r€ vidv)
MN.HO\ED_HUOUwQ w:mﬁm.w Jean O], yIeq woals .wu_ﬂ.unm GL uwwko.«\—uﬁg %:NMOSNE mww.ﬂ.u 9BIDRI[SIA snf 'y A.hwmﬁc .M—EuNUMNEQw G\A.U.QM
sea1e papeidsp
[e10/Uond023q ondnej jean jo jusunean Iog S9ARST 8¢ /PR1BAII[ND-TUIDS unepy (9211 aeadeIqioydnyg (60 VddV) "1 pyofidAssos pydo.nvr
wﬁwwn— pue Jejouwr wﬁwv—NE 104 °sn I=y10 AHH <M—n—<v Zurydg R puemnq
~NHO\EG:UOU®Q ‘uawom ut b:ﬁhﬁﬂ_ ,G_NQ JSTeM JO juauneal] 104 S]O0I pue S9ABIT 11 uvacw\—uﬁ\s 9S3sO ﬁuuuﬁv MNMUNE%UOQ/w ‘L A.EOQ ) Uﬁ:za,ﬁet‘ DUdY.LID]OH
(0T V¥dVY)
[eIQ/uUon2033q S9[SEaU JBdI} O],  S)OOI PUE SIARST 8¢ 152103 /PIIM uouresy (qI1oH) 2eadeukdody WS X1 1Y (ZI9Y) $2.0524)4S DULUWAD
(S0 V¥dVv) "q0d 'H
[BIQ/UOND003(  ‘SAYDE UDBWIOIS pPUe SI[seaul ‘D@nd[ie] Jo juaunear I0g S9ARST g8  seare popeidop/paopM  Suoduredydy (qniys) seaderdlsy 3 Suny ‘N " (“T) PIDLOPO DUIDIOWOLYD)
(0 vidv)
MN.HO\EO_HUOUQQ J9A9] JO jusunesI], S]OOI pUB S9ABIT 61 uwmzo.«\—uﬁg °qIpoyq mn—ﬁ‘_&wv oeadeIqNY u@&n—wm m.ﬂumEﬂﬂuww \A.NNG« DIDSSDYD)
(€0 VddV)
[eIQ/uUon2033q ‘ured yoeq pue s9[1d Jo JusunNea) 10§  S}00I PUB SIABIT 61 seare papeidaop/pliM nad-nad (q1oH) aeaderedddey  douen 'xa a11d1d pdmo0.4yif12 stpddp)
syuowa[dw wLIey Jo sa[puey Suryew pue poom [anj 10§
[eIQ/UOND009  PIsn ¥Ieq WL]S :3sN IBYIQ ‘ured JSTem Jo Jusuneas) 10 WIS PUB SIABYT ST 15910J/PIIM unor (19quuID) Seadeqeq (20 VddV) ‘ppoT ppumu piydpg
$j001 pue seare papeidsp (pa3297102
[e10/U0n2033q SIOAQJ pUR BLIR[EUI JO JUSUIIRDI) IO  SIABJ[ “YIeq WIS 8 /PR1BAI[ND-TUIDS nga[oy (991]1,) 2BIVRIPIN 10N) 'SSNf "V DIIPUl DIYIDAIPDZY
(10 VddV) ‘[3ug (‘uuoyy,
1e1Q/U012033(d ‘ured yoeq pue said jo jusuneaI], SOABYT 8¢ 1S910J/PIIM odumy (991])) aeaORINY R ‘yoewmyds) pippnomupd 218204y
uonensuIwpe proyssnoy 1od JelIqRy
suoneredaid jo sspojy sas) syred juerq SUONEBID JO IaquINN /snieis uoneannd QUIRU [BI0] (qeq) Aqrureg (I9quInu I9YysnoA) sarads

‘spioyasnoy Aq pasn 3uraq are £o1) moy pue uoneredaid jo sopow ‘syred juerd ‘spjoyasnoy £q uoneid jo A>usnbaiy ‘syeIIqey ‘SNILlS UONBATI[ND ‘SSUIRU [BJO] ‘SIT[TUrR] II9Y) U0 UOTIRULIOJUT (IIM sjued [eurdipaur jo sa1ads
1 ?1qelL



A. Adeniyi et al.

Modes of preparation/

administration

Uses

Plant parts

Number of citations
per household

Cultivation status/

habitat

Local name

Family (Habit)

Species (Voucher number)

Table 1 (continued)

Decoction/Topical

To treat swollen eyes

Leaves

37

Semi-cultivated/
degraded areas

Asteraceae

Vernonia cinerea (L.) Less (APRA 41)

Decoction/Oral

Leaves, stem bark To treat headache

and roots

Wild/degraded areas 11

Kantum

Rutaceae (Shrub)

Zanthoxylum zanthoxyloides (Lam.)

Zepern & Timler (APRA 48)
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Number of species

Plant Families
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®) 9%
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39%
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y 26%

Shrub
26%

Fig. 3. Diversity of medicinal plants used in Apra Hills Sacred Grove in southern Ghana in
terms of (a) plant families and (b) growth forms.
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Fig. 4. Proportion of plant parts used for herbal medicines.

importance in minimizing the possible risks to people, especially when
they are part of long-term treatment (Rodeiro et al., 2006). All the
species of medicinal plants reported except four species (Mallotus op-
positifolius, Ritchiea reflexa, T. verdooniana and Tiliacora dielsiana), have
been evaluated for toxicity of their extracts. The plants have been
evaluated for largely acute toxicity, cytotoxicity, mutagenicity or gen-
otoxicity, and the extracts of most of them were safe, at least at lower
doses. Few cases of toxicity have also been detected such as adminis-
tration of high doses of Gymnema sylvestres will lead to side effects in-
cluding hypoglycemia (Tiwari et al., 2014). Anti-mutagenic activities
have been reported for Holarrhena floribunda and Afraegle paniculata.
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Table 2
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Summary of literature survey on reported ethnobotanical uses, biological activities and toxicological studies on species of plants reported as being used.

Species

Previously documented ethnobotanical uses

Biological activities

Toxicological studies

Afraegle paniculata

Azadirachta indica

Baphia nitida

Capparis
erythrocarpus

Chassalia kolly

Chromolaena odorata

Gymnema sylvestres

Holarrhena floribunda

Jatropha gossypifolia

Khaya senegalensis

Lantana camara

Lecaniodiscus

cupanioides

Mallotus oppositifolius

Mangifera indica

Mezoneuron
benthamianum

Momordica charantia

Malaria (Asase et al., 2005).

Malaria and fevers (Asase et al., 2005; Iyamah
and Idu, 2015; Burkill, 1997; Mshana et al.,
2001); and diabetes (Sujarwo et al., 2016).

For diarrhoea (Adeyemi and Akindele, 2008);
and treatment of inflamed and infected
umbilical cords (Onwukaeme, 1995).

It is used as aphrodisiac (Singh et al., 2010);
and treatment of inflammatory and pain
conditions (Danquah et al., 2011).

For management of typhoid and fevers in
Nigeria (Onocha and Ali, 2010).

Malaria (Afolayan et al., 2016); and for
management of a wide variety of ailments
including wounds, diarrhoea, skin infection,
toothache, dysentery, stomach aches, sore
throats, convulsions, piles, coughs and cold
(Omokhua et al., 2016).

The plant is reported used for treatment of
diabetes and diseases related to phlegm
(Kirtikar and Basu, 1975); jaundice,
constipation, asthma, bronchitis,
amenorrhoea, conjunctivitis, dyspepsia, (Anis
et al., 2000).;

For management of Buruli ulcer (Yemoa et al.,
2015), pain (Burkill, 1985) and malaria (Fotie
et al., 2006).

Diabetes (Granados et al., 2015) and malaria
(Asase et al., 2005).

Stem bark for treatment of convulsion,
arthritis, hemorrhoids, malaria, boils, anemia
and heat rash while leaves are used treat
headache and loss of appetite (Mshana et al.,
2001).

Used in Uganda for treatment of respiratory
tract infections (Kirimuhuyza et al., 2009) and
inflammations of the eyes (Burkill, 2000;
Abbiw, 1990).

The root decoction of the plant is used to
control epilepsy and to enhance penile erection
in Nigeria (Yemitan and Adeyemi, 2005).

Dysentery, diarrhoea and other stomach
disorders (Christensen et al., 2015).

For management of malaria and fevers (Asase
et al., 2005; Burkill, 1985) and wide range of
ailments.

The plant is used for treatment of erectile
dysfunction (Zamblé et al., 2008).

Antimicrobial activity (Tsassi et al., 2010); anti-
inflammatory activity (Adjangba et al., 1975).
Anti-oxidant activity (Gupta et al., 2016); antiviral
activity (Younus et al., 2016); antihelminthic
activity (Tomar and Preet, 2016) reported.

Antidiarrhoeal activity (Adeyemi and Akindele,
2008); antiinflammatory activity (Onwukaeme,
1995); neurosedative and muscle-relaxant activities
(Adeyemi et al., 2006).

Possess antiarthritic (Danquah et al., 2011); and
antinociceptive effects (Woode et al., 2009).

Insecticidal and anti-microbial activity (Onocha
and Ali, 2010).

Have antioxidant and immunomodulatory
properties (Boudjeko et al., 2015).

Antioxidant activity (Rahman et al., 2014); radio-
protective activity (Sharma et al., 2009);
antidiabetic, arthritic, antibiotic, antimicrobial,
anti-inflammatory, anticancer and cytotoxic
activity (Tiwari et al., 2014) has been reported.

The plant possesses antioxidant (Badmus et al.,
2016); and antimycobacterial activities (Yemoa

et al., 2015). Badmus et al. (2013) reported
antioxidant, and lipid peroxidation inhibitory
activities. Antibacterial activity (Bogne et al., 2007)
and antimalarial activity (Fotie et al., 2006) have
also been reported.

Hypoglycemic effects (Granados et al., 2015) and
antifertility activity in rats (Jain et al., 2013)
reported.

Anti-diarrhoeal (Nwosu et al., 2012); anti-
proliferative and anti-inflammatory effect
(Androulakis et al., 2006; Zhang et al., 2007); anti-
hyperglycemic effect effects in rats (Kolawole et al.,
2012; Funke and Melzig, 2006).

Trypanocidal and leishmanicidal potential of the
plants has been documented (Barros et al., 2016).
Plant possesses active principle against
antimycobacterial activity (Kirimuhuyza et al.,
2009).

Extracts of the plant showed antimalarial activity
(Nafiu et al., 2013). Aqueous root extract of the
plant exhibited CNS depressant activity (Yemitan
and Adeyemi, 2005).

Antiprotozoan (Christensen et al., 2015);
antiproliferative and antiplasmodial
(Harinantenaina et al., 2013); and antidepressant
effect in mice (Kukuia et al., 2016) has been
reported.

Extracts of the plants exhibited significant in-vitro
antioxidant activity (Martinez et al., 2000).
Antispasmodic analgesic, antipyretic and other
effects of extracts from the plant (Coe and
Anderson, 1996; Awe et al., 1998; Das et al., 1989)
have been reported.

Anti-microbial, activities (Dickson et al., 2006),
and, antidiarrhoeal activity (Mbagwu and
Adeyemi, 2008) have been reported.
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The plant is reported to possess mutagenic activity
in Ames tester strains (Uwaifo, 1984).

The ethanolic extract of A. indica stem bark at the
doses of 50, 100, 200 and 300 mg/kg body weight
may not be completely safe as an oral remedy and
should be taken with caution if absolutely
necessary (Ashafa et al., 2012).

Non-toxic on diazepam induced oxidative stress in
rats (Akande et al., 2011).

No organ specific toxicity was found associated
with chronic administration of this plant in rats
but its ability to reduce body weight may be useful
for slimming in obese persons (Martey et al.,
2013)

Non-cytoxicity activity (Onocha and Ali, 2010).

Acute and cytotoxicity studies of aqueous and
ethanol leaf extracts confirmed non-toxic nature of
the plants (Asomugha et al., 2015).

High doses may lead to side effects including
hypoglycemia, weakness, shakiness, excessive
sweating, and muscular dystrophy (Tiwari et al.,
2014); treatment of diabetic patients with
Gymnema sylvestre has been shown to cause toxic
hepatitis or drug-induced liver injury (Shiyovich
et al., 2010).

Anti-mutagenic activity has been reported
(Badmus et al., 2013).

No report

According to Nwosu et al. (2012), the aqueous
extract of leaves of Khaya senegalensis is not toxic.

Toxic to NCTC929 fibroblasts at 500 pg/mL
(IC50 = 301.42 pug/mL (Barros et al., 2016).

Acute oral toxicity test, up to 14 days, did not
produce any visible signs of toxicity in mice.
However acute (24 h) i.p toxicity test produced a
dose-dependent mortality with LDso of 455.2 mg/
kg (Yemitan and Adeyemi, 2005)

No report

The acute toxicity test of mango leaves extract
(MLE) at the maximal dose (18.4 g/kg) in ICR
mice and showed no abnormalities (Zhang et al.,
2014).

Administration of the aqueous extract up to 2 g/kg
(orally) did not produce any toxic effect in the
acute toxicity in mice (Mbagwu and Adeyemi,
2008).

(continued on next page)
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Table 2 (continued)
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Species Previously documented ethnobotanical uses Biological activities Toxicological studies
Diabetes (Nkambo et al., 2013) and The plant has been reported to possess Teratogenic effect of the water extract on the
stomachaches (Burkill, 1985; Mshana et al., antiglycation and antioxidant properties (Aljohi Sprague Dawley Rats (Uche-Nwachi and McEwen,
2001; Dokosi, 1998). et al., 2016); in vivo hypoglycemic effect of 2009) has been reported.
methanolic fruit extract (Nkambo et al., 2013); and
in vitro anti-microbial activity (Mwambete, 2009).
Paullinia pinnata Typhoid fever (Lunga et al., 2014a, 2014b); Plant possesses anti-typhoid and radical scavenging  The methanol leaf extract of Paullinia pinnata is

Ricinus cumumnis

Ritchiea reflexa

Securinega virosa

Senna siamea

Sida acuta

Solanum erianthum

Solanum torvum

Spondias mombin

Strophanthus hispidus

Teclea verdoorniana

Tiliacora dielsiana
Vernonia cinerea

Zanthoxylum
zanthoxyloides

Helminthic (2014); and treatment of fatigue
(Burkill, 2000).

The plant is used in treatment of malaria
(Asase et al., 2005).

The plants is reported used for treatment of
migraine and nasal disorders in Ghana (Serfor-
Armabh et al., 2002)

For management of epilepsy and mental illness
(Magaji et al., 2012). The leaves are used in
many parts of Africa in the treatment of fever,
body pain; stomach- ache rheumatism,
diarrhoea, pneumonia and epilepsy
(Neuwinger, 1996a, 1996b) and fatigue
Burkill, 1985; Mshana et al., 2001).

For management of malaria (Komlaga et al.,
2016); antidote for snake and scorpion bites;
diabetes, as laxative, abdominal pains, cough,
malaria (Kamagaté et al., 2014).

The leaves, roots and whole plant are used for
treatment of a range of ailments including
malaria, wound, rheumatism and asthma
(Dinda et al., 2015).

For cancer (Ajasa et al., 2004), rheumatism,
stomachache, abdominal pain, fracture,
bruises, and chronic granular Leukemia (Kao,
1990).

Fever, wounds, and tooth decay (Ndebia et al.,
2007), and coughs and tuberculosis (Nguta

et al., 2015) reported.

The fruit decoction is drunk as a diuretic and
febrifuge, and decoction from the bark and the
leaves used as an emetic, anti-diarrhoea, and
dysentery, hemorrhoids and for gonorrhoea
and leucorrhoea (Ayoka et al., 2006).

For ulcer, conjunctivitis, leprosy and skin
diseases (Ishola et al., 2013).

In Cote d’voire the bark is chewed for cold
(Neuwinger, 1996a, 1996b).

Dysentery (Waston and Preedy, 2008).
Vernonia cinerea has potential against cancer
and inflammatory conditions (Toyang and
Verpoorte, 2013).

The plant is reported used to variously treat
elephantiasis, toothache, sexual impotence,
gonorrhoea, malaria, dysmenorrhoea
abdominal pain (Ogwal-Okeng et al., 2003);
and burili ulcer (Addo et al., 2007).

properties (Lunga et al., 2014a, 2014b);
antimicrobial activity (Lunga et al., 2014a, 2014b);
antihelminthic activity (Agyare et al., 2014).

The plant possesses leishmanicidal activity and
cytotoxicity (Jumba et al., 2015).

No report

Antimicrobial, antioxidant and free radical
scavenging activities (Dickson et al., 2006); and
antidepressant activity (Magaji et al., 2012)
reported.

Antiplasmodial activity (Komlaga et al., 2016). It is
also reported to possess anti-inflammatory,
analgesic and antipyretic effects, anxiolitic,
antidepressant and sedative effects, and anti-
bacterial activity (Kamagaté et al., 2014).

The plant has be tested for analgesic activity
(Konaté et al., 2013); antimalarial; antimicrobial
and cytotoxic (Banzouzi et al., 2004; Ahmed et al.,
2011; Karou et al., 2005).

Possess anti-inflammatory (Chen et al., 2014); and
anticancer activity (Bayala et al., 2007).

Antimycobacterial activity (Nguta et al., 2016);
anti-cancer (Agrawal et al., 2010), wounds and cuts
(Schippers, 2004); has antimicrobial activity (Chah
et al., 2000).

The antimicrobial (Rodrigues et al., 2000). The
leaves extracts of the plants possess sedative and
anti-dopaminergic effects (Ayoka et al., 2006).

The plant possess anxiolytic (Ayoka et al., 2005),
antiepileptic and antipsychotic (Ayoka et al.,
2006), anticonceptive (Uchendu and Isek, 2008),
hepatoprotective (Hamenoo, 2010),
cardioprotective (Akinmoladun et al., 2010), anti-
inflammatory (Nworu et al., 2011), and
leishmanicidal (Accioly et al., 2012) properties.
No report

No report

Anti-inflammatory activity (Abeysekera et al.,
1999), antiangiogenesis (Pratheeshkumar and
Kuttan, 2012); and antimetastatic effect
(Pratheeshkumar and Kuttan, 2011).

Plant posse antiblastocystis activity (Christensen
et al., 2015); antibacterial and anti-inflammatory
(Ogwal-Okeng et al., 2003).

well tolerated when orally administered at a dose
of 200 mg/kg body weight but toxic at higher
doses (Adeyemo-Salami and Makinde, 2013).
Ricin toxicity has been reported for this plant
(Moshiri et al., 2016).

No report

Leaves contain cytotoxic alkaloids (Tatematsu
et al., 1991).

Less toxic (Oshimi et al., 2008). However, at a
higher dose, diverse extracts of C. siamea showed
acute toxicity in various experiemental animals’
models (Wiam et al., 2005).

Very weak acute toxicity in mice (Konaté et al.,
2013).

The plant has cytotoxic activity against human
cancer cell lines at concentrations up to 30 yM
(Chen et al., 2014).

Selective cytotoxic activity (Nguta et al., 2016).

Leaf extract of the plants was non- toxic to mice up
to a dose of 5 g/kg (Ayoka et al., 2005).

The median lethal dose was 39.81 mg/kg
carrageenan-induced rat for the aqueous root
extract and therefore toxic (Agbaje and Fageyinbo,
2012).

Species of the genus Teclea have been reported to
be toxic (Neuwinger, 1996a, 1996b).

No report

Methanolic extract exhibited no acute toxicity in
mice and brine shrimp lethality test (Latha et al.,
2010). Rajamurugan et al. (2011) found no
toxicity in mice (LD50 42000 mg/kg) and brine
shrimp using a methanol extract of Vernonia
cineria.

Metabolic extract of root bark has been found to
be safe (Ogwal-Keng et al., 2003).

Non-organ specific toxicity was found with Capparis erythrocarpus

(Martey et al., 2013) and selective toxicity has been detected in So-

lanum torvum (Nguta et al., 2016). To guarantee the safety of the people
using remedies from extracts of these plants in the study area it is im-
portant that biological and toxicological studies are conducted on the
plants especially those that were identified to have not been previously

screened.

3.3. Implications of our findings

There are several implications of the findings of our study. At the
local level information about the toxicity and effectiveness of the plants
that are being consumed can be used by health professionals and policy
makers to make appropriates decisions and advice the communities

living in the study area about the safety of the plants that they use. The
use of species that have toxic effects at high doses (e.g., Gymnema
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sylvestres) must be properly monitored or completely discouraged.
Conservation of medicinal plants is important to ensure sustainable
supplies of plants that are being used. Cultivation of the plants that are
commonly used such as Khaya senegalensis by the communities must be
encouraged so that people do not overexploit plants from the protected
areas of the grove.

The findings of the study have wider scientific implications beyond
local uses of the plants. Species of plants with perceived good efficacy
but without published studies and with insufficient or no preclinical/
clinical studies including Ritchiea reflexa, Teclea verdoniana, and
Tiliacora dielsiana, must be tested for their safety and efficacy. These
plants can be potential sources of new scientific discoveries about
biologically active agents for treatment of diseases. The findings of this
study have confirmed two important scientific hypotheses: 1) the im-
portance of degraded areas as sources of medicinal plants, and 2) a high
proportion of medicinal plants are non-cultivated plants. Scientific va-
lidation of the above hypotheses is an important contribution to eth-
nobotanical literature where hypothesis driven research is presently
sparse.

3.4. Strengths and weakness of the research

The authors’ aim in this study was to collate information on
common use of medicinal plants in the study area. Therefore, key in-
formants such as herbalists and traditional birth attendants who possess
specialized knowledge on medicinal plants were not targeted. Future
studies can investigate specialized uses of medicinal plants in the study
area. While we are optimistic that the results reflect the views of the
individuals and communities involved in the research, future studies
should include other smaller communities living in the study area.
Interviewing both households and forest guards in this study was useful
in obtaining detailed information about the plants that are harvested
for use by communities living in the study area. We perceived that
willingness of individuals in the communities to participate and provide
information about the medicinal uses of plants in the study was due to
the deep participation of their leaders in the project right from its in-
ception. Finally, the combination of field methods and extensive lit-
erature survey in this study has enabled us to identify medicinal plants
that merit future studies.

4. Conclusions

This is the first ethnobotanical report on medicinal use of plants by
the communities living around Apra Hills Sacred Grove in southern
Ghana. The results of the study showed that the communities around
the grove have rich knowledge about which plants to collect for man-
agement of their common human ailments and diseases and where they
are growing. The findings of the study confirmed the hypothesis that
degraded areas are important sources of medicinal plants for in-
digenous communities. The results also confirmed that most of the
plants commonly used by indigenous communities for medicines are
non-cultivated plants. Most of the plants used are documented in tra-
ditional medicines in Ghana and largely within the West African region
while a few “new use reports” were identified. Majority of the plants
reported being used are generally safe for treatments at appropriate
dosage based on a review of studies on their biological and toxicological
activities. This study provides baseline data to warrant further studies
on the actual plants being used, and has prioritized plants for further
biological and toxicological screening as well as promoting their con-
servation and sustainable use.

Conflict of interest

None.

84

Journal of Herbal Medicine 14 (2018) 76-87

Acknowledgments

We are grateful to the chiefs and people living around Apra Hills
Sacred Grove for providing information and permission to publish the
findings of this study. We are also thankful to the Forest Services
Division (Winneba District) of the Forestry Commission for their sup-
port and provision of study reports and maps of the study area. We
thank Messrs’ Wilson Owusu Asare, Boafo Ofee and Kwame Afeez of
Winneba Forestry District Office for their guidance and support. Our
sincere thanks go to the Department of Plant and Environmental
Biology at the University of Ghana for the approval to conduct the
study.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in the
online version, at https://doi.org/10.1016/j.hermed.2018.02.001.

References

Abbiw, D.K., 1990. Useful Plants of Ghana. Intermediate Technology Publication/Royal
Botanic Gardens, London/Kew.

Abeysekera, A.M., De Silva, K.T.D., De Silva, S.R.P., Sirimanne, V.D.P., Labadie, R.P., van
den Berg, A.J.J., Vander Sluis, W., 1999. Inhibition of chemiluminescence generated
by zymosan-activated polymorphonuclear leukocytes by phenolic constituents of
Vernonia cinerea. Fitoterapia 70, 317-319.

Accioly, M.P., Bevilaqua, C.M., Rondon, F.C., de Morais, S.M., Machado, L.K., Almeida,
C.A., de Andrade, H.F., Cardoso, R.P., 2012. Leishmanicidal activity in vitro of Musa
paradisiaca L. and Spondias mombin L. fractions. Vet. Parasitol. 187, 79-84.

Addo, P., Quartey, M., Abbas, M., Badu-Addai, B., Owusu, E., Okang, 1., Dodoo, A., De
Souza, D., Ankrah, N., Ofori-Adjei, D., 2007. In-vitro susceptibility of Mycobacterium
ulcerans to herbal preparations. Internet J. Trop. Med. 4, 2.

Adeoye, A., 2015. Diversity and Ethnobotanical Uses of Plants in Proposed Apra Hills
Forest Reserve in Southern Ghana. University of Ghana (Unpublished MPhil Thesis).

Adeyemi, 0.0., Akindele, A.J., 2008. Antidiarrhoeal activity of the ethyl acetate extract of
Baphia nitida (Papilionaceae). J. Ethnopharmacol. 116, 407-412.

Adeyemi, 0.0., Yemitan, O.K., Taiwo, A.E., 2006. Neurosedative and muscle-relaxant
activities of ethyl acetate extract of Baphia nitida Afzel. J. Ethnopharmacol. 106,
312-316.

Adjangba, M.S., Asomaning, W.A., Barranco, A., Bone, R.T., Phillips, W.R., 1975.
Pharmacological activity of coumarins isolated from Afraegle paniculata; Part II. West
Afr. J. Pharmacol. Drug Res. 2, 83-86.

Adnan, M., Ullah, 1., Tariqg, A., Murad, W., Azizullah, A., Khan, A.L., Ali, N., 2014.
Ethnomedicine use in the war affected region of northwest Pakistan. J. Ethonobiol.
Ethnomed. 10, 1-16.

Afolayan, F.I., Adegbolagun, O.M., Irungu, B., Kangethe, L., Orwa, J., Anumudu, C.L,
2016. Antimalarial actions of Lawsonia inermis, Tithonia diversifolia and Chromolaena
odorata in combination. J. Ethnopharmacol. 15, 188-194.

Agbaje, E.O., Fageyinbo, M.S., 2012. Evaluating anti-inflammatory activity of aqueous
root extract of Strophanthus hispidus DC. (Apocynaceae). Int. J. Appl. Res. Nat. Prod.
4, 7-14.

Agrawal, A.D., Bajpei, P.S., Patil, A.A., Bavaskar, S.R., 2010. Solanum torvum Sw.—a
phytopharmacological review. Der Pharmacia Lettre 2, 403-407.

Agyare, C., Spiegler, C., Sarkodie, H., Asase, A., Liebau, E., Hensel, A., 2014. An ethno-
pharmacological survey and in vitro confirmation of the ethnopharmacological use of
medicinal plants as anthelmintic remedies in the Ashanti region, in the central part of
Ghana.

Ahmed, F., Toume, K., Ohtsuki, T., Rahman, M., Sadhu, S.K., Ishibashi, M., 2011.
Cryptolepine, isolated from Sida acuta, sensitizes human gastric adenocarci- noma
cells to TRAIL-induced apoptosis. Phytother. Res. 25, 147-150.

Ajasa, A.M.O., Bello, M.O., Ibrahim, A.O., Ogunwande, [.A., Olawore, N.O., 2004. Heavy
trace metals and macronutrients status in herbal plants of Nigeria. Food Chem. 85,
67-71.

Akande, 1.S., Akande, B.E., Gbenle, G.O., 2011. Toxicological and antioxidant effects of
ethanolic extract of Baphia nitida on diazepam induced oxidative stress in rats. Afr. J.
Biochem. Res. 5, 255-263.

Akinmoladun, A.C., Obuotor, E.M., Barthwal, M.K., Dikshit, M., Farombi, E.O., 2010.
Ramipril-like activity of Spondias mombin Linn against no-flow ischemia and iso-
proterenol-induced cardiotoxicity in rat heart. Cardiovasc. Toxicol. 10, 295-305.

Alexiades, M.N., Sheldon, J.W. (Eds.), 1996. Selected Guidelines for Ethnobotanical
Research: A Field Manual. The New York Botanical Garden Press, New York.

Aljohi, A., Matou-Nasri, S., Ahmed, N., 2016. Antiglycation and antioxidant properties of
Momordica charantia. PLoS One 11, e0159985.

Androulakis, X.M., Muga, S.J., Chen, F., Koita, Y., Touré, B., Wargovich, M.J., 2006.
Chemopreventive effects of Khaya senegalensis bark extract on human colorectal
Cancer. Anticancer Res. 26, 2397-2406.

Anis, M., Sharma, M.P., Igbal, M., 2000. Herbal ethnomedicine of the Gwalior forest
division in Madhya Pradesh, India. Pharm. Biol. 38, 241-253.

Asase, A., Oteng-Yeboah, A.A., Odamtten, G.T., Simmonds, M.S.J., 2005. Ethnobotanical
study of some Ghanaian anti-malarial plants. J. Ethnopharmacol. 99, 273-279.


https://doi.org/10.1016/j.hermed.2018.02.001
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0005
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0005
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0010
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0010
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0010
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0010
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0015
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0015
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0015
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0020
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0020
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0020
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0025
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0025
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0030
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0030
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0035
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0035
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0035
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0040
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0040
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0040
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0045
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0045
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0045
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0050
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0050
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0050
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0055
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0055
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0055
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0060
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0060
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0065
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0065
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0065
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0065
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0070
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0070
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0070
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0075
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0075
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0075
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0080
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0080
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0080
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0085
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0085
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0085
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0090
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0090
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0095
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0095
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0100
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0100
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0100
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0105
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0105
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0110
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0110

A. Adeniyi et al.

Ashafa, A.O.T., Orekoya, L.O., Yakubu, M.T., 2012. Toxicity profile of ethanolic extract of
Azadirachta indica stem bark in male Wistar rats. Asian Pac J. Trop. Biomed. 2,
811-817.

Asomugha, R.N., Ezejiofor, A.N., Okafor, P.N., Jjeh, LI, 2015. Acute and cytotoxicity
studies of aqueous and ethanolic leaf extracts of Chromolaena odorata. Pak. J. Biol.
Sci. 18, 46-49.

Awe, S.0., Olajide, O.A., Oladiran, 0.0., Makinde, J.M., 1998. Antiplasmodial and an-
tipyretic screening of Mangifera indica extract. Phytother. Res. 12, 437-438.

Ayoka, A.O., Akomolafe, R.O., Iwalewa, E.O., Ukponmwan, O.E., 2005. Studies on the
anxiolytic effects of Spondias mombin L. (Anacardicaea) extracts. Afr. J. Trad. Compl.
Alt. Med. 2, 153-165.

Ayoka, A.O., Akomolafe, R.O., Iwalewa, E.O., Akanmu, M.A., Otas, E., Ukponmwan, O.E.,
2006. Sedative, antiepileptic and antipsychotic effects of Spondias mombin L.
(Anacardiaceae) in mice and rats. J. Ethnopharmacol. 103, 166-175.

Badmus, J.A., Odunola, O.A., Yekeen, T.A., Gbadegesin, A.M., Fatoki, J.O., Godo, M.O.,
Oyebanjo, K.S., Hiss, D.C., 2013. Evaluation of antioxidant, antimutagenic, and lipid
peroxidation inhibitory activities of selected fractions of Holarrhena floribunda (G.
Don) leaves. Acta Biochim. Pol. 60, 435-442.

Badmus, J.A., Ekpo, O.E., Rautenbach, F., Marnewick, J.L., Hussein, A.A., Hiss, D.C.,
2016. Isolation and antioxidant activity of flavonoids from Holarrhenafloribunda
(G.don) leaves. Acta Biochim. Pol. 63, 353-358.

Balick, M.J., Cox, P.A., 1995. Plants. People and Culture: The Science of Ethnobotany.
Scientific American Library, New York.

Banzouzi, J.T., Prado, R., Menan, H., Valentin, A., Roumestan, C., Mallie, M., Pelissier, Y.,
Blache, Y., 2004. Studies on medicinal plants of Ivory Coast: investigation of Sida
acuta for in vitro antiplasmodial activities and identification of an active constituent.
Phytomedicine 11, 338-341.

Barros, L.M., Duarte, A.E., Morais-Braga, M.F., Waczuk, E.P., Vega, C., Leite, N.F., de
Menezes, LR., Coutinho, H.D., Rocha, J.B., Kamdem, J.P., 2016. Chemical char-
acterization and trypanocidal, leishmanicidal and cytotoxicity potential of Lantana
camara L. (Verbenaceae) essential Oil. Molecules 21, E209.

Bayala, B., Bassole, I.H.N., Scifo, R., Gnoula, C., Morel, L., Lobaccaro, J.-M.A., Jacques, S.,
2007. Anticancer activity of essential oils and their chemical components — a review.
Afr. J. Tradit. Complement. Altern. Med. 4, 240-244.

Bernarba, B., Belabid, L., Righi, K., amine Bekkar, A., Elouissi, M., Khaldi, A., Hamimed,
A., 2015. Ethnobotanical study of medicinal plants used by traditional healers in
Mascara (North West of Algeria). J. Ethnopharmacol. 174, 625-637.

Boadu, A.A., Asase, A., 2017. Documentation of herbal medicines used for the treatment
and management of human diseases by some communities in southern Ghana. Evid.
Based Complement. Altern. Med. http://dx.doi.org/10.1155/2017,/3043061.

Bogne, K.P., Penlap, B.V., Lontsi, D., Etoa, F.X., 2007. Antibacterial activities of the ex-
tracts and conessine rom Holarrhena floribunda G. Don. (Apocynaceae). Afr. J. Tradit.
Complement. Altern. Med. 16 (4), 352-356.

Boudjeko, T., Megnekou, R., Woguia, A.L., Kegne, F.M., Ngomoyogoli, J.E.K., Tchapoum,
C.D.N., Koum, O., 2015. Antioxidant and immunomodulatory properties of poly-
saccharides from Allanblackia floribunda Oliv stem bark and Chromolaena odorata (L.)
King and H. E. Robins leaves. BMC Res. Notes 8, 759.

Buragohain, J., 2011. Ethnomedical plants used by the ethnic communities of Tinsukia
District of Assam, India. Recent Res. Sci. Technol. 3, 31-42.

Burkill, H.M., 1985. 2" Edition. Useful Plants of West Tropical Africa. Families A-D, vol.
1 Royal Botanic Gardens 960 pp.

Burkill, H.M., 1997. 2" Edition. Useful Plants of West Tropical Africa. Families M-R, vol.
4 Royal Botanic Gardens 969 pp.

Burkill, H.M., 2000. 2" Edition. Useful Plants of West Tropical Africa. Families S-Z, vol. 5
Royal Botanic Gardens 686 pp.

Calitox, B.B., 2005. Twenty-five years of research on medicinal plants in Latin America: a
personal view. J. Ethnopharmacol. 100, 131-134.

Chah, K.F., Muko, K.N., Oboegbulem, S.I., 2000. Antimicrobial activity of methanolic
extract of Solanum torvum fruit. Fitoterapia 71, 187-189.

Chazdon, R.L., Coe, F.G., 1999. Ethnobotany of woody species in secondary-growth, old
growth, and selectively logged forests of northeastern Costa Rica. Conserv. Biol. 13,
1312-1322.

Chen, Y.-C., Lee, H.-Z., Chen, H.-C., Wen, C.-L., Kuo, Y.-H., Wang, G.-J., 2014. Anti-in-
flammatory components from the root of Solanum erianthum. Am. J. Cancer. Res. 4,
591-607.

Christensen, C.B., Soelberg, J., Stensvold, C.R., Jager, A.K., 2015. Activity of medicinal
plants from Ghana against the parasitic gut protist Blastocystis. J. Ethnopharmcol.
174, 569-575.

Coe, F.G., Anderson, G.J., 1996. Screening of medicinal plants used by Garifuna of
Eastern Nicaragua for bioactive compounds. J. Ethnopharmacol. 53, 29-50.

Cunningham, A.B., 2001. Applied Ethnobotany; People, Wild Plant Use and Conservation.
Earthscan Publishers Limited, London.

Danquah, C.A., Woode, E., Boakye-Gyasi, E., 2011. Anti-arthritic effects of an ethanolic
extract of Capparis erythrocarpos isert roots in freund's adjuvant-induced arthritis in
rats. J. Pharmacol. Toxicol. 6, 201-217.

Das, P.C., Das, A., Mandal, S., 1989. Anti-inflammatory and antimicrobial activities of the
seed kernel of Mangifera indica. Fitoterapia LX 235-240.

Dinda, B., Das, N., Dinda, S., Dinda, M., SilSarma, I., 2015. The genus Sida L. — a tradi-
tional medicine: its ethnopharmacological, phytochemical and pharmacological data
for commercial exploitation in herbal drugs industry. J. Ethnopharmacol. 176,
135-176.

Dickson, R.A., Houghton, P.J., Hylands, P.J., Gibbons, S., 2006. Antimicrobial, resistance-
modifying effects, antioxidant and free radical scavenging activities of Mezoneuron
benthamianum Baill., Securinega virosa Roxb. &WIld. and Microglossa pyrifolia Lam.
Phytother. Res. 20, 41-45.

Dokosi, O.B., 1998. Herbs of Ghana. Ghana University Press.

85

Journal of Herbal Medicine 14 (2018) 76-87

Forestry Section Report (FRS), 1989. Section reports on a proposed Forest Reserve.
Forestry Reference No. R. 25 B/15.

Fotie, J., Bohle, D.S., Leimanis, M.L., Georges, E., Rukunga, G., Nkengfack, A.E., 2006.
Lupeol long-chain fatty acid esters with antimalarial activity from Holarrhena flor-
ibunda. J. Nat. Prod. 69, 62-67.

Funke, 1., Melzig, M.F., 2006. Traditionally used plants in diabetes therapy — phy-
totherapeutics as inhibitors of aamylase activity. Braz. J. Pharmacogn. 16 (1), 1-5.

Granados, S., Balcazar, N., Guillén, A., Echeverri, F., 2015. Evaluation of the hypogly-
cemic effects of flavonoids and extracts from Jatropha gossypifolia L. Molecules 20,
6181-6193.

Gupta, N.K., Srivastva, N., Bubber, P., Puri, S., 2016. The antioxidant potential of
Azadirachta indica ameliorates cardioprotection following Diabetic Mellitus-induced
microangiopathy. Pharmacogn. Mag. 12, S371-378.

Gyasi, R.M., Siaw, L.P., Mensah, C.M., 2015. Prevalence and pattern of traditional
medical therapy utilisation in Kumasi metropolis and Sekyere south district, Ghana.
J. Ethnopharmacol. 161, 138-146.

Hall, J.B., Swaine, M.D., 1981. Distribution and Ecology of Vascular Plants in Tropical
Rainforest: Forest Vegetation in Ghana. W. Junk, The Hague.

Hamenoo, N.A., 2010. Hepatoprotective and Toxicological Assessment of Spondias
Mombin L. (Anacardiaceae) in Rodents. Department of Pharmacology, Kwame
Nkrumah University of Science and Technology, pp. 83 (Unpublished MPhil thesis.
p. 83.).

Harinantenaina, L., Bowman, J.D., Brodie, P.J., Slebodnick, C., Callmander, M.W.,
Rakotobe, E., Randrianaivo, R., Rasamison, V.E., Gorka, A., Roepe, P.D., Cassera,
M.B., Kingston, D.G., 2013. Antiproliferative and antiplasmodial dimeric phlor-
oglucinols from Mallotus oppositifolius from the Madagascar Dry Forest (1). J. Nat.
Prod. 76, 388-393.

International Society of Ethnobiology, 2008. International Society of Ethnobiology Code
of Ethics. Available at: http://ethnobiology.net/code-of-ethics/ (Accessed 28 May
2016).

Irvine, F.R., 1961. Woody Plants of Ghana. University Press, Oxford.

Ishola, I1.0., Awodele, O., Oreagba, 1.A., Murtala, A.A., Chijioke, M.C., 2013.
Antinociceptive, anti-inflammatory and antiulcerogenic activities of ethanol root
extract of Strophanthus hispidus DC (Apocynaceae). J. Basic Clin. Physiol. Pharmacol.
24, 277-286.

Iyamah, P.C., Idu, M., 2015. Ethnomedicinal survey of plants used in the treatment of
malaria in Southern Nigeria. J. Ethnopharmacol. 173, 287-302.

Jain, S., Choudhary, G.P., Jain, D.K., 2013. Pharmacological evaluation and antifertility
activity of Jatropha gossypifolia in rats. BioMed Res. Int. 125980.

Jumba, B.N., Anjili, C.O., Makwali, J., Ingonga, J., Nyamao, R., Marango, S., Choge, J.K.,
Khayeka-Wandabwa, C., 2015. Evaluation of leishmanicidal activity and cytotoxicity
of Ricinus communis and Azadirachta indica extracts from western Kenya: in vitro
and in vivo assays. BMC Res Notes 8, 650.

Kamagaté, M., Camille, K., Mathieu, K., Akoubet, A., Yao, A., Die-Kakou, H.M., 2014.
Ethnobotany, phytochemistry, pharmacology and toxicology profiles of Cassia siamea
Lam. J. Phytopharmacol. 3, 57-76.

Kao, M.T., 1990. Handbook of Medicinal Plants in Taiwan, 5th ed. SMC Publishing Inc.,
Taipei.

Karou, D., Savadogo, A., Canini, A., Yameogo, S., Montesano, C., Simpore, J., Colizzi, V.,
Traore, A.S., 2005. Antibacterial activity of alkaloids from Sida acuta. Afr. J.
Biotechnol. 4, 1452-1457.

Kirimuhuyza, C., Waako, P., Joloba, M., Odyek, O., 2009. The anti-mycobacterial activity
of Lantana camara a plant traditionally used to treat symptoms of tuberculosis in
South-western Uganda. Afr. Health Sci. 9, 40-45.

Kirtikar, K.R., Basu, B.D., 1975. Indian Medicinal Plants, vol. 3 Periodicals Experts, Delhi,
India.

Kolawole, O.T., Kolawole, S.0., Ayankunle, A.A., Olaniran, O.1., 2012. Anti-hypergly-
cemic effect of Khaya senegalensis stem bark aqueous extract in Wistar Rats. Eur. J.
Med. Plants 2 (1), 66-73.

Komlaga, G., Agyare, C., Dickson, R.A., Mensah, M.L.K., Annan, K., Loiseau, P.M.,
Champy, P., 2015. Medicinal plants and finished marketed herbal products used in
the treatment of malaria in the Ashanti region, Ghana. J. Ethnopharmacol. 172,
333-346.

Komlaga, G., Cojean, S., Dickson, R.A., Beniddir, M.A., Suyyagh-Albouz, S., Mensah, M.L.,
Agyare, C., Champy, P., Loiseau, P.M., 2016. Antiplasmodial activity of selected
medicinal plants used to treat malaria in Ghana. Parasitol. Res. 115, 3185-3195.

Konaté, K., Bassolé, I.H.N., Hilou, A., Aworet-Samseny, R.R.R., Souza, A., Barro, N.,
Dicko, M.H., Datté, J.Y., M’Batchi, B., 2013. Toxicity assessment and analgesic ac-
tivity investigation of aqueous acetone extracts of Sida acuta Burn f. and Sida cordi-
folia L. (Malvaceae), medicinal plants of Burkina Faso. Int. J. Mol. Sci. 14,
12581-12592.

Koné, M.W., Atindehou, K.K., 2008. Ethnobotanical inventory of medicinal plants used in
veterinary medicine in Northern Céte do Ivoire (West Africa). S. Afr. J. Bot. 74,
76-84.

Kukuia, K.K., Ameyaw, E.O., Woode, E., Mante, P.K., Adongo, D.W., 2016. Scientific
evidence of plant with a rapid-onset and sustained antidepressant effect in a chronic
model of depression: mallotus oppositifolius. J. Basic Clin. Physiol. Pharmacol.
2015-2029. http://dx.doi.org/10.1515/jbcpp-2015-0029.

Latha, L.Y., Darah, I, Jain, K., Sasidhara, S., 2010. Toxicity study of Vernonia cinerea.
Pharmacetutical Biol. 48, 101-104.

Lunga, P.K,, Qin, X.J., Yang, X.W., Kuiate, J.R., Du, Z.Z., Gatsing, D., 2014a.
Antimicrobial steroidal saponin and oleanane-type triterpenoid saponins from
Paullinia pinnata. BMC Complement. Altern. Med. 14, 369.

Lunga, P.K., Tamokou Jde, D., Fodouop, S.P., Kuiate, J.R., Tchoumboue, J., Gatsing, D.,
2014b. Antityphoid and radical scavenging properties of the methanol extracts and
compounds from the aerial part of Paullinia pinnata. Springerplus 3, 302. http://dx.


http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0115
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0115
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0115
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0120
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0120
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0120
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0125
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0125
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0130
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0130
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0130
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0135
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0135
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0135
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0140
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0140
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0140
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0140
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0145
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0145
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0145
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0150
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0150
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0155
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0155
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0155
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0155
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0160
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0160
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0160
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0160
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0165
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0165
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0165
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0170
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0170
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0170
http://dx.doi.org/10.1155/2017/3043061
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0180
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0180
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0180
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0185
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0185
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0185
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0185
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0190
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0190
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0195
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0195
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0200
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0200
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0205
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0205
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0210
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0210
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0215
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0215
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0220
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0220
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0220
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0225
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0225
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0225
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0230
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0230
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0230
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0235
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0235
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0240
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0240
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0245
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0245
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0245
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0250
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0250
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0255
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0255
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0255
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0255
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0260
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0260
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0260
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0260
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0265
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0270
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0270
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0275
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0275
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0275
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0280
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0280
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0285
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0285
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0285
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0290
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0290
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0290
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0295
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0295
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0295
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0300
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0300
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0305
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0305
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0305
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0305
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0310
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0310
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0310
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0310
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0310
http://ethnobiology.net/code-of-ethics/
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0320
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0325
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0325
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0325
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0325
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0330
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0330
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0335
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0335
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0340
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0340
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0340
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0340
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0345
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0345
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0345
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0350
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0350
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0355
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0355
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0355
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0360
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0360
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0360
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0365
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0365
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0370
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0370
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0370
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0375
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0375
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0375
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0375
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0380
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0380
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0380
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0385
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0385
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0385
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0385
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0385
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0390
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0390
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0390
http://dx.doi.org/10.1515/jbcpp-2015-0029
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0400
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0400
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0405
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0405
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0405
http://dx.doi.org/10.1186/2193-1801-3-302

A. Adeniyi et al.

doi.org/10.1186,/2193-1801-3-302.

Magaji, M.G., Yaro, A.H., Musa, A.M., Anuka, J.A., Abdu-Aguye, I., Hussaini, .M., 2012.
Central depressant activity of butanol fraction of Securinega virosa root bark in mice.
J. Ethnopharmacol. 141, 128-133.

Mahwasane, S.T., Boaduo, L.M., 2013. An ethnobotanical survey of indigenous knowl-
edge on medicinal plants used by the traditional healers of the Lwamondo area,
Limpopo province, South Africa. S. Afr. J. Bot. 88, 69-75.

Mahwasane, S.T., Middleton, L., Boaduo, N., 2013. An ethnobotanical survey of in-
digenous knowledge of medicinal plants used by the traditional healers of Lwamodo
area, Limpopo province, South Africa. South Afr. J. Bot. 88, 69-75.

Martey, O.N., Armah, G.E., Sittie, A.A., Okine, L.K., 2013. A chronic toxicity study of the
ground root bark of Capparis erythrocarpus (Cappareceae) in male Sprague-Dawley
rats. Pak. J. Biol. Sci. 16, 1706-1713.

Martin, G., 1995. Ethnobotany- A Manual of Methods. Earthsacn Publishers Limited,
London.

Martinez, G., Delhado, R., Pérez, G., Garrido, G., Sellés, A.J., Ledn, O.S., 2000. Evaluation
of the in vitro antioxidant activity of Mangifera indica L. extract (Vimang). Phytother.
Res. 14, 424-427.

McDade, T., Reyes-Garcia, V., Leonard, W., Tanner, S., Huanca, T., 2007. Maternal eth-
nobotanical knowledge is associated with multiple measures of child health in the
Bolivian Amazon. Proc. Natl. Acad. Sci. 104, 6134-6139.

Moshiri, M., Hamid, F., Etemad, L., 2016. Ricin toxicity: clinical and molecular aspects.
Rep. Biochem. Mol. Biol. 4, 60-65.

Mshana, R.N., Abbiw, D.K., Addae-Mensah, 1., Adjanouhoun, E., Ahyi, MRA, Ekpere, J.A.,
Enow-Rock, E.G., Gbile, Z.0., Noamesi, G.K., Odei, M.A., Odunlami, H., Oteng-
Yeboah, A.A., Sarpong, K., Soforowa, A., Tackie, 2001. Traditional Medicine and
Pharmacopoeia; Contribution to the Revision of Ethnobotanical and Floristic
Studiesin Ghana. Science and Technology Press, CSIR.

Mwambete, K.D., 2009. The in vitro antimicrobial activity of fruit and leaf crude extracts
of Momordica charantia: a Tanzania medicinal plant. Afr. Health Sci. 9, 34-39.

Nafiu, M.O., Abdulsalam, T.A., Akanji, M.A., 2013. Phytochemical analysis and anti-
malarial activity aqueous extract of Lecaniodiscuscupanioides Root. J. Trop. Med.
2013, 605393.

Ndebia, E.J., Kamgang, R., Nkeh-Chungag Anye, B.N., 2007. Analgesic and anti-in-
flammatory properties of aqueous extract from leaves of Solanum torvum (solana-
ceae). Afr. J. Tradit. Complement Altern. Med. 4, 240-244.

Neuwinger, H.D., 1996a. African Ethnobotany: Poisons and Drugs: Chemistry,
Pharmacology, Toxicology. Chapman & Hall GmbH (D-69469).

Neuwinger, J.D., 1996b. Translated from by Porter A. African Ethnobotany Poison and
Drugs. Chapman and Hall Weinheim, pp. 495-499.

Newman, D.J., Cragg, G.M., 2012. Natural products as sources of new drugs over 30 years
from 1981 to 2010. J. Nat. Prod. 75, 311-335.

Nguta, J.M., Appiah-Oppong, R., Nyarko, A.K., Yeboah-Manu, D., Addo, P.G.A., 2015.
Medicinal plants used to treat TB in Ghana. Int. J. Mycobacteriolog 4, 116-123.
Nguta, J.M., Appiah-Opong, R., Nyarko, A.K., Yeboah-Manu, D., Phyllis, G.A., Addo, I.O.,
Kissi-Twum, A., 2016. Antimycobacterial and cytotoxic activity of selected medicinal

plant extracts. J. Ethnopharmacol. 182, 10-15.

Nkambo, W., Anyama, N.G., Onegi, B., 2013. In vivo hypoglycemic effect of methanolic
fruit extract of Momordica charantia L. Afr. Health Sci. 13, 933-939.

Nworu, C.S., Akah, P.A., Okoye, F.B.C., Toukam, D.K., Udeh, J., Esimone, C.O., 2011. The
leaf extract of Spondias mombin L. displays an anti-inflammatory effect and suppresses
inducible formation of tumor necrosis factor-a and nitric oxide (NO). J.
Immunotoxicol. 8, 10-16.

Nwosu, C.U., Hassan, S.W., Abubakar, M.G., Ebbo, A.A., 2012. Anti-diarrhoeal and tox-
icological studies of leaf extracts of Khaya senegalensis. J. Pharmacol. Toxicol. 7, 1-10.

Offiah, N.V., Makama, S., Elisha, I.L., Makoshi, M.S., Gotep, J.G., Dawurung, C.J.,
Oladipo, 0.0., Lohlum, A.S., Shamaki, D., 2011. Ethnobotanical survey of medicinal
plants used in treatment of animal diarhhoea in Plateau State, Nigeria. Biomed. Cent.
Res. 7 (1), 36.

Ogwal-Okeng, J.W., Obua, C., Anokbonggo, W.W.W., 2003. Acute toxicity effects of the
methanolic extract of Fagara zanthoxyloides (Lam.) root-bark. Afr. Health Sci. 3,
124-126.

Omokhua, A.G., McGaw, L.J., Finnie, J.F., Van Staden, J., 2016. Chromolaena odorata
(L.) R.M. King & H. Rob. (Asteraceae) in sub-Saharan Africa: A synthesis and review
of its medicinal potential. J. Ethnopharmacol. 183, 112-122.

Onocha, P.A,, Ali, S.M., 2010. Insecticidal, antimicrobial, phyto- and cytotoxicity of
Chassalia kolly plant extract. Arch. Appl. Sci. Res. 2, 151-156.

Onwukaeme, N.D., 1995. Anti-inflammatory activities of flavonoids of Baphia nitida Lodd.
(Leguminosae) on mice and rats. J. Ethnopharmacol. 46, 121-124.

Oshimi, S., Tomizawa, Y., Hirasawa, Y., Honda, T., Ekasari, W., Widyawaruyanti, A.,
Rudyanto, M., Indrayanto, G., Zaini, N., Morita, H., Chrobisiamone, A., 2008. A new
bischromone from Cassia siamea and a biomimetic transformation of 5-acetonyl-7-
hydroxy-2-methylchromone into cassiarin A. Bioorg. Med. Chem. Lett. 18,
3761-3763.

Pratheeshkumar, P., Kuttan, G., 2011. Vernolide-Ainhibitstumourspecific angiogenesis by
regulating pro inflammatorycytokines, VEGF, MMPs and TIMP. Eur. J. Pharmacol.
656, 10-18.

Pratheeshkumar, P., Kuttan, G., 2012. Antimetastatic potential of vernolide- a sesqui-
terpenoid from Vernonia cinerea L. Hum. Exp. Toxicol. 31, 66-80.

Rahman, M.M., Habib, M.R., Hasan, M.A.A., Amin, M., Saha, A., Mannan, A., 2014.
Comparative assessment on in vitro antioxidant activities of ethanol extracts of
Averrhoa bilimbi, Gymnema sylvestre and Capsicum frutescens. Pharmacogn. Res. 26,
36-41.

Rajamurugan, R., Selvaganabathy, N., Kumaravel, S., Ramamurthy, C.H., Sujatha, V.,
Kumar, M.S., Thirunavukkarasu, C., 2011. Identification,quantificationof bioactive
constituents, evaluation of antioxidant and in vivo acute toxicity property from the

86

Journal of Herbal Medicine 14 (2018) 76-87

methanol extract of Vernonia cinera leaf extract. Pharmaceutical biology 49,
311-1320.

Reyes-Garcia, V., Mcdade, T., Vadez, V., Huanca, T., Leonard, W.R., Tanner, S., Godoy, R.,
2008. Non-market returns to traditional human capital: nutritional status and tra-
ditional knowledge in a native Amazonian society. J. Dev. Stud. 44, 217-232.

Rodeiro, 1., Cancino, L., Gonzalez, J.E., Morffi, J., Garrido, G., Gonzalez, R.M., Nunez, A.,
Delgado, R., 2006. Evaluation of the genotoxic potential of Mangifera indica L. extract
(Vimang), a new natural product with antioxidant activity. Food Chem. Toxicol. 44,
1707-1713.

Rodrigues, K.F., Hesse, M., Wener, C., 2000. Antimicrobial activities of secondary me-
tabolites produced by endophytic fungi from Spondias mombin. J. Basic Microbiol. 40,
261-267.

Salick, J., Mejia, A., Anderson, T., 1995. Non-timber forest products integrated with
natural forest management, Rio San Juan, Nicaragua. Ecol. Appl. 5, 878-895.

Schippers, R.R., 2004. Solanum torvum Sw. In: Grubben, G.J.H., Denton, O.A. (Eds.),
PROTA 2: Vegetables/Légumes. PROTA, Wageningen, The Netherlands.

Schippmann, U., Leaman, D.J., Cunningham, A.B., 2002. Biodiversity and the Ecosystem
Approach in Agriculture, Forestry and Fisheries. Satellite event on the occasion of the
Ninth Regular Session of the Commission on Genetic Resources for Food
andAgriculture. Rome, 12-13 October 2002. Inter-Departmental Working Group on
Biological Diversity for Food and Agriculture. Rome.

Serfor-Armabh, Y., Nyarko, B.J.B., Akaho, E.H.K., Kyere, A.W.K., Osae, S., Oppong-
Boachie, K., 2002. Multielemental analysis of some traditional plant medicines used
in Ghana. J. Trace Microprobe Tech. 20, 419-427.

Sharma, K., Singh, U., Vats, S., Priyadarsini, K., Bhatia, A., Kamal, R., 2009. Evaluation of
evidenced-based radioprotective efficacy of Gymnema sylvestre leaves in mice brain. J.
Environ. Pathol. Toxicol. Oncol. 28, 311-323.

Sher, H., Bussmann, R.W., Hart, R., de Boer, H.J., 2015. Traditional use of medicinal
plants among Kalasha, Ismaeli and Sunni groups in Chitral District, Khyber
Pakhtunkhwa Province, Pakistan. J. Ethnopharmacol. 188, 57-69.

Shiyovich, A., Sztarkier, 1., Nesher, L., 2010. Toxic hepatitis induced by Gymnema syl-
vestre, a natural remedy for type 2 diabetes mellitus. Am. J. Med. Sci. 340, 514-517.

Singh, B., Gupta, V., Bansal, P., Singh, R., Kumar, D., 2010. Pharmacological properties of
plant used as aphrodisiacs. Int. J. Pharmaceutical Sci. Rev. Res. 5, 104-113.

Tatematsu, H., Mori, M., Yang, T.-H., Chang, J.-J., Lee, T.-Y., Lee, T., Lee, K.H., 1991.
Cytotoxic principles of Securinega virosa: virosecurinine and viroallosecurinine and
related derivatives. J. Pharm. Sci. 80, 325-327.

Thirumalai, T., Kelumalai, E., Senthilkumar, B., David, E., 2009. Ethnobotanical study of
medicinal plants used by the local people in Vellore District, Tamilnadu, India.
Ethnobotanical leaflets 13, 1302-1311.

Ticktin, T., 2004. The ecological implications of harvesting non-timber forest products. J.
Appl. Ecol. 41, 11-21.

Tiwari, P., Mishra, B.N., Neelam, S., Sangwan, N.S., 2014. Phytochemical and pharma-
cological properties of Gymnema sylvestre: an important medicinal plant. BioMed Res.
Int. 18 Article ID 830285.

Togola, A., 2008. Ethnopharmacology, Phytochemistry and Biological Activities of Mallan
Medicinal Plants. University of Oslo, Norway PhD Thesis. ISSN 1501-7710.

Tomar, R.S., Preet, S., 2016. Evaluation of anthelmintic activity of biologically synthe-
sized silver nanoparticles against the gastrointestinal nematode, Haemonchus con-
tortus. J. Helminthol. 4, 1-8.

Towns, A.M., Ruysschaert, S., van Vliet, E., van Andel, T., 2014. Evidence in support of
the role of disturbance vegetation for women’s health and childcare in Western
Africa. J. Ethonobiol. Ethnomed. 10, 42.

Tsassi, V.B., Hussain, H., Meffo, B.Y., Kouam, S.F., Dongo, E., Schulz, B., Greene, LR.,
Krohn, K., 2010. Antimicrobial coumarins from the stem bark of Afraegle paniculata.
Nat. Prod. Commun. 5, 559-561.

Uche-Nwachi, E.O., McEwen, C., 2009. Teratogenic effect of the water extract of bitter
gourd (Momordica Charantia) on the Sprague Dawley Rats. Afr. J. Tradit.
Complement. Altern. Med. 7, 24-33.

Uchendu, C.N., Isek, T., 2008. Antifertility activity of aqueous ethanolic leaf extract of
Spondias mombin (Anacardiaceae) in rats. Afr. Health Sci. 8, 163-167.

Uwaifo, A.O., 1984. The mutagenicities of seven coumarin derivatives and a furan deri-
vative (nimbolide) isolated from three medicinal plants. J. Toxicol. Environ. Health
13, 521-530.

Waston, R.R., Preedy, V.R., 2008. Botanical Medicine in Clinical Practice. Botanical
Medicine in Clinical Practice. Cambridge, MA, Wallingford, UK.

WHO, 2003. World Health Organization Fact Sheet. (Geneva).

World Health Organization (WHO), 2008. http://www.who.int.mediacentre/factsheets/
fs134 .

WHO, IUCN, WWF, 1993. Guidelines on the Conservation of Medicinal Plants. (Gland &
Geneva, Switzerland).

Wiam, .M., Jacks, T.W., Zongoma, Y.A., 2005. Acute toxicity and phytochemical studies
of Cassia siamea extracts in rats. Pak J. Biol. Sci. 8, 586-588.

Woode, E., Danquah, C.A., Boakye-Gyasi, E., Ansah, C., Ainooson, G., 2009.
Antinociceptive effects of an ethanolic extract of Capparis erythrocarpos Isert roots in
the Mice Formalin Test. Int. J. Pharmacol. 5, 354-361.

Yemitan, O.K., Adeyemi, O.0., 2005. CNS depressant activity of Lecaniodiscus cupanioides.
Fitoterapia 76, 412-418.

Yemoa, A., Gbenou, J., Affolabi, D., Moudachirou, M., Bigot, A., Anagonou, S., Portaels,
F., Martin, A., Quetin-Leclercq, J., 2015. Beninese medicinal plants as a source of
antimycobacterial agents: bioguided fractionation and in vitro activity of alkaloids
isolated from Holarrhena floribunda used in traditional treatment of Buruli Ulcer.
BioMed Res. Int. 5. http://dx.doi.org/10.1155/2015/835767. (Article ID 835767).

Younus, L, Siddiq, A., Ishaq, H., Anwer, L., Badar, S., Ashraf, M., 2016. Evaluation of
antiviral activity of plant extracts against foot and mouth disease virus in vitro. Pak. J.
Pharm. Sci. 29, 1263-1268.


http://dx.doi.org/10.1186/2193-1801-3-302
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0415
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0415
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0415
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0420
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0420
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0420
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0425
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0425
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0425
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0430
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0430
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0430
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0435
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0435
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0440
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0440
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0440
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0445
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0445
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0445
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0450
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0450
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0455
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0455
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0455
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0455
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0455
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0460
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0460
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0465
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0465
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0465
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0470
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0470
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0470
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0475
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0475
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0480
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0480
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0485
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0485
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0490
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0490
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0495
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0495
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0495
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0500
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0500
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0505
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0505
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0505
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0505
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0510
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0510
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0515
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0515
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0515
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0515
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0520
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0520
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0520
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0525
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0525
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0525
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0530
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0530
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0535
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0535
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0540
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0540
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0540
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0540
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0540
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0545
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0545
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0545
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0550
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0550
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0555
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0555
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0555
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0555
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0560
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0560
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0560
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0560
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0560
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0565
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0565
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0565
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0570
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0570
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0570
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0570
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0575
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0575
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0575
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0580
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0580
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0585
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0585
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0590
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0590
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0590
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0590
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0590
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0595
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0595
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0595
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0600
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0600
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0600
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0605
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0605
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0605
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0610
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0610
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0615
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0615
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0620
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0620
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0620
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0625
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0625
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0625
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0630
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0630
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0635
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0635
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0635
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0640
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0640
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0645
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0645
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0645
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0650
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0650
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0650
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0655
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0655
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0655
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0660
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0660
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0660
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0665
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0665
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0670
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0670
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0670
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0675
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0675
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0680
http://www.who.int.mediacentre/factsheets/fs134
http://www.who.int.mediacentre/factsheets/fs134
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0690
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0690
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0695
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0695
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0700
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0700
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0700
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0705
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0705
http://dx.doi.org/10.1155/2015/835767
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0715
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0715
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0715

A. Adeniyi et al. Journal of Herbal Medicine 14 (2018) 76-87

Zamblé, A., Martin-Nizard, F., Sahpaz, S., Hennebelle, T., Staels, B., Bordet, R., Duriez, P., Zhang, Y., Li, J., Wu, Z., Liu, E.,, Shi, P, Han, L., Guo, L., Gao, X., Wang, T., 2014. Acute
Claude Brunet, C., Bailleul, F., 2008. Vasoactivity, antioxidant and aphrodisiac and long-term toxicity of mango leaves extract in mice and rats. Evid.-Based
properties of Caesalpinia benthamiana roots. J. Ethnopharmacol. 116, 112-119. Complement. Altern. Med. http://dx.doi.org/10.1155/2015/835767. (Article ID

Zhang, H., Wang, X., Chen, F., Androulakis, X.M., Wargovich, M.J., 2007. Anticancer 835767).

activity of Limonoids from Khaya senegalensis. Phytother. Res. 21, 731-734.

87


http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0720
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0720
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0720
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0725
http://refhub.elsevier.com/S2210-8033(18)30009-5/sbref0725
http://dx.doi.org/10.1155/2015/835767
http://dx.doi.org/10.1155/2015/835767

	Ethnobotanical study of medicinal plants from Ghana; confirmation of ethnobotanical uses, and review of biological and toxicological studies on medicinal plants used in Apra Hills Sacred Grove
	Introduction
	Materials and methods
	Study area
	Methods

	Results and discussion
	Diversity and uses of medicinal plants
	Review of ethnobotanical use, biological and toxicological studies of medicinal plants
	Implications of our findings
	Strengths and weakness of the research

	Conclusions
	Conflict of interest
	Acknowledgments
	Supplementary data
	References




