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Plant-derived medicinal products are currently in high demand both by traditional healers and the herbal drug industries, and
their popularity is growing. In developing countries, traditional medicine is used to meet the primary health care needs where
infectious diseases are endemic and modern health facilities and services are inadequate. In both Gabon and the Venda Region
of South Africa, indigenous plants have been used for the treatment of several ailments like malaria, jaundice, diarrhoea and
HIV/AIDS. Some medicinal plants are reported to have immunomodulatory properties; but a large number of indigenous plants
such as Cassia abbreviata, Copaifera relogiosa, Costus lucanusianus, Ziziphus mucronata and Lannea edulis; have yet to be
thoroughly investigated. Studies done in some countries have reported on their biological activities in order to justify their
utilization in traditional medicine and few investigations have been carried out on their anti-microbial and immunomodulatory
potentials. This review aimed to highlight studies done on these indigenous plants based on information compiled from
scientific databases (Science Direct and PubMed) and the most recent results obtained in house.
Keywords: Anti-microbial, immunomodulation, indigenous plants, primary health, traditional medicine.

1. Introduction
1.1 Background
Medicinal plants have been used throughout the history of humans [1]. In Africa, the population uses traditional medicine
for the treatment of various diseases and ailments like malaria, typhoid, ulcers, skin diseases, diabetes, reproductive
problems, aches and pains for various socio-cultural and economic reasons [2,3]. In addition, it is estimated that 80% of the
Asian and African populations use herbal medicine as aspect of primary health care (World Health Organization [4].
Plants are able to produce different kinds of chemical compounds for performing different biological activities and
defence against insects, fungi, animals, and microbes. Nowadays, natural products of plant sources have been the centre of
focus as the main source of new, safer and effective bioactive compounds with medicinal properties. Medicinal plants
possess ingredients which can be used to develop drugs and synthesize them [5]. Most of the prescribed drugs used today
are made from plants [2].
Indeed, several natural products and their derivatives constitute over 50% of all drugs with various chemical structures
and disease preventive properties. These compounds also called phytochemicals or secondary metabolites which include the
alkaloids, steroids, flavonoids, terpenoids, tannins, and many others [6]; are known to be responsible for several
pharmacological activities of plants such as anti-malarial, anti-asthma, anti-cancer, cholinomimetic, vasodilatory, antiarrhythmic, analgesic, anti-bacterial, and anti-hyperglycemic activities [7-10]. The selection of plants based on their ethnomedicinal usage increases the likelihood of finding an effective therapeutic agent as opposed to random selection of plants
[11,12].
New chemotherapeutic compounds which are effective and of low cost are urgently needed [13]. In recent days herbal
products represent safety compared to synthetics which are considered to be harmful to people and their surroundings [14].
Moreover, the dependence on synthetics is over and people are returning to natural remedies with hope of safety and
security [14].
South Africa like the rest of Africa has a rich diversity of more than 24 000 indigenous plant species, representing
approximately 10% of all higher plants on Earth [15]. The people of South Africa have a long tradition of medicinal plant
use with an estimated 70% of the population harvesting one if not more from the approximated 3 000 species of plants used
as traditional medicines [15-17]. The country’s vast variety of indigenous floral species together with their diverse
medicinal uses indicates a great potential for uncovering new bioactive chemicals [3,18,17].
Over the past few years, various research groups from different fields have investigated the ethnobotanical, chemical and
health characteristics of medicinal plants in the Vhembe district from the Venda region of South Africa [19-21]. The
traditional knowledge of plants and animals in relation to their use within the district ought to be documented for future
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generations [22]; however, it has not been well explored scientifically. The shortage of scientific evidence allows the native
medicinal plants of Africa to be considered as relatively unexploited potential sources of novel anti-retroviral compounds
[23].
A number of surveys have highlighted the fact that rural people heavily rely on traditional medicine for treatment of
many ailments [24,20,25-27]. The use of such plants could be attributed to their attainability, affordability [28] and cultural
beliefs [29]. For some villagers, the dependency on medicinal plants is due to lack of access to modern medical facilities or
lack of effective services within the facilities if ever present.
It is also of great importance to understand the mechanisms of the immune system during infection to help improve its
capacity to defend itself against subsequent infections. Few studies have been conducted to assess the effects of medicinal
plants on the immune system of those diagnosed with various life threatening infections. A study conducted by Bessong et
al [21], evaluated the biological activities of Terminalia sericea, Bridelia micrantha and Combretum molle against HIV-1
(reverse transcriptase (RT) and RnaseH). Another study was conducted to evaluate Bridelia micrantha activity against viral
enzymes [30]. Additional efforts have also been made to investigate the immunomodulatory effects of Combretum
hereroense and Canthium mundianum [20].
The current paper aimed to highlight studies done on these indigenous plants based on claims by traditional healers on
their healing properties against life threatening infections and the most recent results obtained in house.

2. Methods used
2.1 Literature search on plant materials
The focus of this review was on Cassia abbreviata, Copaifera relogiosa, Costus lucanusianus, Ziziphus mucronata and
Lannea edulis used as therapeutic plants. The search term used was “name of plant”, on several online databases such as
PubMed, Science Direct, and Google. The information found from this search was then matched with information gathered
from interviews with traditional healers. Then, a compilation of each plant on their description usages and pharmacological
activities such as anti-microbial, anti-cancer, anti-oxidant, and toxicity was done.
2.2 Reagents and equipment
RPMI-1640, foetal calf serum (FCS), streptomycin and L-glutamine were purchased from Thermo Fisher (SA). Blood was
obtained from volunteer donors from the University of Venda community. Histopaque 1077 and the MTT salts were
purchased from Sigma Aldrich (SA). All chemicals were bought from Merck Chemicals (SA). The culture plates and plastic
ware were obtained from AEC Amersham (SA). The ELISA kits were purchased from BD Biosciences (San Jose, CA,
USA). The 96-well plate reader was acquired from Separations (SA). Most laboratory equipment was purchased from
NETZSCH (Germany) and BÜCHI Labortechnik AG (Switzerland).
2.3 Collection of plant materials
Medicinal plants were selected on the basis of their intense use for the treatment of different ailments and also a literature
search was conducted to corroborate the scientific findings with traditional findings. Numerous traditional healers were
interviewed to understand how they treat and “prescribe” medications for their patients.
Stem barks of Copaifera religiosa and stems of Costus lucanusianus were collected in Libreville (Gabon) after being
identified by a botanist of the National Herbarium of Gabon.
Cassia abbreviata, Ziziphus mucronata and Lannea edulis were collected from within the geographic locations of the
Vhembe District Municipality of the Limpopo Province (South Africa) with assistance from a traditional leader. These
plants were identified by their vernacular names then later using taxonomic keys by an ethnobotanical specialist at the
University of Venda (Limpopo province; South Africa). Voucher specimens were deposited in the herbarium of the
Department of Botany (University of Venda).
The plants were dried under the sun light, grounded and then stored in a cool dark place until further use.
2.4 Plant preparation and extraction
Extraction was performed using water and methanol or Ethyl Acetate. After 24 h maceration and filtration, the aqueous
filtrate was frozen and water was removed by freeze drying.
The methanolic or ethylic filtrates were evaporated by rotary evaporation at 50°C. The crude extracts obtained were then
stored.
2.4 Phytochemical analysis

442

_____________________________________________________________________________
Antimicrobial research: Novel bioknowledge and educational programs (A. Méndez-Vilas, Ed.)

Both aqueous and methanol or ethyl acetate extracts were completely dissolved in their respective solvents (water and
methanol or ethyl acetate). The obtained stock solutions were used for phytochemical screening as reported by Harborne
[31] and Hossain et al [32] using chemical standard methods. The methods used are colorimetric assays that depend on
color change of plant extracts after reaction.
2.5 Antimicrobial assays
2.5.1 Microorganisms tested
The selected strains for the current study were Staphylococcus aureus (ATCC 25923), Salmonella enterica (ATCC 51741),
Escherichia coli (ATCC 25922), Shigella sonnei (ATCC 25931), Klebsiella pneumoniae (ATCC 27736), Pseudomonas
aeruginosa (ATCC 27853), Enterobacter cloacae (ATCC 13047), Streptococcus agalactiae (ATCC 12386) Enterococcus
faecalis (ATCC 29212), and Bacillus cereus (ATCC 10876) and were obtained from ANATECH (SA). The drugs used as
positive controls were Gentamicin sulphate, Vancomycin hydrochloride, Imipenem dehydrate, Amicillin, Penicillin G and
Chloramphenicol.
2.5.2 The well diffusion assay
The different plant extracts were studied for anti-microbial activity against pathogenic microorganisms using agar well
diffusion assay as described by Perez et al [33] with some modifications. Antimicrobial activity of extracts was tested
against Gram-positive and Gram-negative strains.
The test strains were cultured by inoculation into sterile nutrient agar plate (Mueller Hinton media) and incubated
overnight at 37 ͦ C. The cultured strains were transferred into test tubes with 5 ml of sterile water and the turbidity of the
inoculumn was measured using the McFarland standard of 0.5.
The test bacteria were aseptically swabbed on nutrient agar plates using sterile cotton swabs. With the help of a sterile
cork borer, wells of 6 mm diameter were punched in the inoculated plate. 50 µl of extracts at concentrations of 200, 150,
100 and 50 mg/ml were tested against the strains, and then incubated overnight at 37 ͦ C. The plates were examined for the
zone of inhibition, which appeared as clear areas around the wells.
Inhibition zone diameters were recorded.
2.6 Testing for immunomodulatory effects of the plants
Whole blood from healthy volunteers (collected in EDTA coated tubes, ethics approval number SMNS/14/MBY/30/1210)
was used for the isolation of peripheral Blood mononuclear cells (PBMCs) as described by Ngcobo et al [34].
PBMCs (5 × 105) in culture medium (RPMI 1640 containing FBS 10% and 100 μg/ml of streptomycin) were added to a
24 multi-well culture plates and treated with 50 and 100 μg/ml concentrations of Cassia abbreviate, L. edulis and Z.
mucronata extracts for 72 h in 5% CO2 atmosphere at 37 °C. Three control groups consisted of PBMCs in medium as
baseline control, PBMCs in media containing DMSO as negative control and PBMCs in medium plus PHA as positive
control were used.
After incubation, the supernatant of cell cultures were used to assessed the production of cytokines (IL-2, IL-6 and TNFα) according to the manufacturer's instructions and the cells were used for viability using the MTT assay (as described by
Mosmann [35]. All experiments were carried out with three different donors and each test was performed in triplicate.

3. Finding and Discussion
3.1 Description of the indigenous plants
This section gives the ethno-botanical and pharmacological description of Cassia abbreviata, Copaifera relogiosa, Costus
lucanusianus, Ziziphus mucronata and Lannea edulis as summarized in Table 1.
3.1.1 Copaifera religiosa J.Leonard
Description: Copaifera religiosa is a species belonging to the family of Caesalpineaceae (Leguminosae) family. It is a tree
with a height of 46 m. The bole is straight, cylindrical, and up to 30 m in length, with swollen base in older trees. Buttresses
are absent. The trunk diameter reaches up to 200 cm [36]. It mostly occurs in dense, primary forests and more rarely in the
sedimentary basin in mixed stands
Uses: According to Brink [37], traditional uses of this plant include treatments against malaria symptoms, cardiovascular
diseases, stomach ache, and cough. Copaifera religiosa is utilized in Gabon to treat malaria, whereas the bark is used in
fumigations against headache and kidney pain and it is added to a bath together with other ingredients to treat leprosy
[37,38].
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Roots,
Leaves,
Barks,
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Ziziphus mucronata
Willd

Rhamnaceae

Inflorescences,
Leaves,
Stems,
Juice

Costus lucanusianus
J.Braun & K.Schum

Costaceae

Leaves,
Roots

Barks

Cassia abbreviata
Oliv

Caesalpineaceae (Leguminosae)

Lannea edulis Engl.

Roots,
Leaves,
Stem bark,
Fruits

Copaifera religiosa
J.Leonard

Caesalpiniaceae

Anacardiaceae

Plant parts

Botanical name

Family

Table 1 Properties of the selected plants
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Emetic, cough, skin disorders,
pain, diarrhoea, venereal
diseases, stomach ulcers
rheumatism, respiratory
infections, gastrointestinal
complaints, snake bites,
swellings, wounds, diabetes

Stomachaches, Wounds,
diarrhoea, eye troubles

Abdominal pains, dysentery,
fever, malaria, hernia, wounds,
impotency, snake bite,
diarrhoea, aphrodisiac,
arbotifacient, venereal diseases,
stomach ache, skin rashes
AIDS, sterility, cough, emetic,
epilepsy, bilharzia, jaundice,
hernia
Malaria, cardiovascular
diseases, stomach ache, cough,
sterility, head ache, leprosy,
kidney pains
Filariasis, tachycardia, stomach
ache, cough bronchitis, eye
troubles, headache, oedema,
fever, urethral discharges,
jaundice

Traditional used

Mutagenic effects,
antioxidant, antimicrobial, αglucosidase and α-amylase
inhibitor, antidiabetic

Anti-inflammatory,
antioxidant, cytotoxic,
antihyperglycemic,
hepatoprotective,
renoprotective, antidiarrheal,
antiabortive, antimicrobial
Antioxidant, antimicrobial

In vitro antiplasmodial

Antibacterial, antifungal,
Antimalarial, Antiviral
Anthelmintic, Antioxidant,
Antidiabetic, antiinflammatory, antiHIV

Pharmacological properties

Not toxic

Moderately
toxic

Hepatotoxic

Cytotoxic

Not cytotoxic
on PBMCs but
toxic in
shrimps.

Toxicity

dihydroalkylhexenones
Flavonoids, tanins
alkylphenols,
cardonols,
cardiac glycosides,
saponins,
flavonoids,
proanthocyanidin,
tannins

Glycosides, tanins,
saponins, reducing
sugars, flavonols
carbohydrates,
myricetin

Not found in the
literature

Alkaloids,
saponins, phenols,
flavonoids,
anthraquinones,
glycosides,
coumarins, sterols
and alcohols
derivatives

Phytochemical
composition
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Known Research Findings: It has some interesting anti-plasmodial activity and its dichloromethane bark extract has shown
considerable in-vitro cytotoxicity [38]. A phytochemical screening has demonstrated the presence of tannin [37].
3. 1. 2 Costus lucanusianus J.Braun & K.Schum
Description: Costus lucanusianus J.Braun & K.Schum is also called Spiral Ginger. The plant belongs to the family of
Costaceae [39]. Spiral ginger is a perennial, rhizomatous herb, which attains up to 3 meters in height. This plant is mainly
found in Africa specifically in DR Congo and Tropical western Africa – Guinea east to western Ethiopia.
Uses: The plant is mostly used for religious and ceremonial purposes [40-42]. Inflorescence infusion treats tachycardia and
stomach aches [43]. A decoction of a stem or fruit is used for the treatment of cough, bronchitis and a sore throat. Leaf sap
treats eye troubles, headache, oedema and fever [43,44] and can be used as nose drop. Leaf pulp can slow down insanity
when it is rubbed. Stem sap is also able to cure/treat urethral discharges, jaundice, and also to prevent miscarriage [45]. In
Gabon, stem sap controls filariasis when applied as eye drops [46].
Known Research Findings: Numerous studies have been done on C. lucanusianus based on their ethnobotanical uses. C.
lucanusianus display many pharmacological activities such as anti-inflammatory activity, anti-nociceptive activity, antiabortive activities, dysmenorrhea, pyrexia, anti-diarrhoeal activity [47]. Costus lucanusianus possesses phytochemical
compounds such as tannins, saponins, reducing sugars, carbohydrates, myricetin, and flavonols [48].
3. 1.3 Cassia abbreviata Oliv.
Description: Cassia abbreviata (Caesalpiniaceae) is a shrub which grows up to 10 m in height. It has a light brown bark,
rounded crown and yellowish leaves. It has compound leaves, with 5 to 12 pairs, and brown black pods which are
cylindrical in shape. Flowers are yellow, sweet-scented, large, loose, becoming brown-veinted with age and fruits are long
cylindrical dark brown and hanging pod [49]. It is widespread in Africa, from Somalia to South Africa and occurs mostly at
low to medium altitudes (between 220 and 1520 m above sea level), in open bushveld, woodland or wooded grasslands,
along rivers, on hillsides and frequently on termite mounds [50].
Uses: In South Africa and Botswana the root is ground into powder, mixed with water and used to wash dirty blood,
referring to a woman who has miscarried and need to be cleansed [51]. In Tanzania, the decoction of the root is made to
treat abdominal pains, dysentery, fever, malaria, hernia, wounds, syphilis, impotency and snake bite [52,53]. In
Mozambique, the decoction of root bark may be taken orally to treat diarrhea [54]. It is an aphrodisiac and is an
arbotifacient [17]. Decoction of stem bark is taken orally to treat stomach ache and malaria, while infusion of roots, leaves
and stem bark mixed together is taken to treat stomach ache [54]. Bark and roots may also be used to treat stomach ache of a
mother during pregnancy, close fontanelle of newborn babies, dysentery, blood vomits, venereal diseases, bilharzia, hernia,
post-partum pains and menstrual cycle problems [55]. It may also be used to treat skin rashes associated with human
immunodeficiency virus (HIV) and acquired immune deficiency syndrome (AIDS) infections [56].
Known Research Findings: Many studies have demonstrated its various pharmacological properties such as anti-malarial,
anti-helmintic, anti-viral, anti-oxidant, anti-diabetic, anti-bacterial and anti-fungal activities [57]. Methanol extracts of the
root exhibited high toxicity in a brine shrimp lethality test [58]. Ethanol root extracts did not show cytotoxicity on PBMCs
[59]. Its phytochemical composition includes alkaloids, saponins, phenols, flavonoids, anthraquinones, glycosides,
coumarins, sterols and alcohols derivatives [59].
3.1.4 Ziziphus mucronata Willd.
Description: Ziziphus mucronata is a small to medium-sized tree species with a spreading canopy. It is commonly known as
the Buffalo thorn, a species in the Rhamnaceae family. It is distributed throughout the summer rainfall areas of sub-Saharan
Africa, extending from South Africa northwards to Ethiopia and Arabia. It is up to 8 m tall with a rounded crown, which
grows on loamy sands. The leaves are three veined from the base and often; there is one straight and one hooked spine at the
leaf axil. The flowers are said to be small and yellowish forming clusters. The fruit is almost circular, about 1.5 cm in
diameter and bright red when ripe. The fleshy drupes are rich in sugars and vitamins [60]. The plant is common at medium
altitudes mainly in mixed woodland, in areas with medium to lower rainfall, also on termite mounds.
Uses: The Zulu nation takes the powdered leaf and bark in water as an emetic in chest troubles. They also use hot infusions
of the bark for cough. In general a poultice of the leaf is applied to boils, carbuncles and other septic swellings of the skin.
Decoction of the root is taken internally and a paste of the leaf is applied to tubercular glandular swellings. For Pain of any
sort, a poultice of meal made with a decoction or of powdered baked root is applied. People do inhale the vapor and gargles
with a decoction of the leaf and shoot for measles and scarlet fever [61]. The roots can be used to treat bloody diarrhoea or
stomach ulcers. Ziziphus is used to treat gonorrhea [60]. The root decoction is taken internally and a paste of the leaf is
applied to tubercular glandular swellings. Hot infusion of the bark is used for coughs and the powdered leaf and bark in
water is used as an emetic in chest troubles.
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Known Research Findings: Ziziphus mucronata in the presence of metabolic activation showed mutagenic effects [62]. The
phytochemistry of the plant has not yet been exhaustively studied; current literature survey showed one other article
indicating that the leaf extract contains low amounts of tannins [63].
3.1.5 Lannea edulis Engl.
Description: Lannea edulis is a species that belongs in the Anacardiaceae family. It is a small perennial shrub, which grows
from, branched underground stems 30-300mm high from large woody root-crown, or from a creeping rhizome. It occurs on
deep sand and grows up to 20cm tall. The alternate pinnate leaves have 5 to 7 pairs of shiny leaflets which are variable in
shape and size. The flowers are small, about 2mm long and yellow borne in a congested false spike or panicle and can be
seen in September. The fruits are about 1cm long, green but turning red when ripe. They occur from September onwards
and can be seen on the plant at same time as flowers [60]. The shrub is common in most Zimbabwean areas and is found in
open woodland. The fruit which is purplish-black in color when ripe has a juicy pulp and is pleasantly sour.
Uses: Traditionally the leaf infusion is used to treat stomach aches. The powdered leaves are applied on wounds for healing.
A cold infusion of the roots of Lannea edulis is used for treating diarrhoea. Africans take a decoction of the roots
particularly of its bark in frequent large doses for blackwater fever. The Lobedu use a cold infusion of the leaf as a local
application to the eyelashes to loosen the dried pus in sore eyes [64].
Known Research Findings: It has been found that the dichloromethane root extracts of Lannea edulis do contain some
important phytochemical groups like alkylphenols, cardonols and dihydroalkylhexenones [65]. Lannea has also been shown
to be able to induce frameshift mutations in Salmonella [66].
3.2 Phytochemical screening
In this study, the phytochemical analysis of the methanol and aqueous extract of Copaifera religiosa and Costus
lucanusianus showed the presence of different groups of secondary metabolites such as alkaloids, cardiac glycosides,
flavonoids, saponins, terpenoids, steroids and phenolics (Table 2). They were present in both aqueous and methanolic
extracts of Copaifera religiosa and Costus lucanusianus. The presence of glycosides and Saponins in the methanolic extract
of C. lucanusianus correlates with the phytochemical results obtained respectively by Baba and Onanuga [41] and Owolabi
et al [42].
Phenolics were only present in the methanolic extract of Copaifera religiosa. Alkaloids in Copaifera religiosa were
found only in the aqueous extracts while in Costus lucanusianus it was the methanolic extracts which contained them.
Saponins were present in both aqueous and methanolic extracts of Copaifera religiosa. But in Costus lucanusianus,
saponins were present only in the aqueous extract.
Table 2 Phytochemical screening on the methanol and aqueous extracts of the bark parts of Copaifera religiosa and Costus lucanusianus
Copaifera religiosa
Class of compounds
Flavonoids

Costus lucanusianus

Aqueous

Methanolic

Aqueous

Methanolic

+++

+

++

+++

Steroids

+

++

+

++

Cardiac glycosides
Phenolics

++
-

+++
+++

+
-

++
-

Saponins

++

+

+

-

Terpenoids
+
+++
+
Alkaloids
+
+ = Presence of constituents (+++= High, ++= Moderate, += Low); – = Absence of constituents

++
+

Furthermore, the phytochemical analysis of the aqueous and ethylic extracts of Cossia abbreviata and Lannea edulis
revealed the presence of cardiac glycosides, flavonoids, saponins, steroids and phenolics as mentioned in Table 3.
Both the ethyl acetate and water extracts yielded the same compounds except for saponins which were positively tested in
the water extracts only. The tested plant extracts exhibited 100% positive presence for phenols, flavonoids, steroids, cardiac
glycosides and saponins was present in all the water extracts. L. edulis possessed the most phenol concentration whereas C.
abbreviate possessed more flavonoid.
The extracts of C. abbreviatta had higher concentrations of saponins. Both plants showed higher concentration of cardiac
glycosides.
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Table 3 Phytochemical screening on the Ethyl Acetate (EtAc) and aqueous extracts of Cossia abbreviata and Lannea edulis

Class of components

Cassia abbreviata

Lannea edulis

Aqueous

EtAc

Aqueous

EtAc

Phenolics

++

++

+++

+++

Flavonoids

+++

++

+

+

Saponins

+++

-

+

-

Steroids

+++

+++

+

+

Cardiac glycosides

+++

+++

+++

+++

+ = Presence of constituents (+++= High, ++= Moderate, += Low); – = Absence of constituents

The phytochemical constituents of the plants tested demonstrated compounds including steroids, flavonoids, cardiac
glycosides, phenols and saponins. These compounds are known to display medicinal activity as well as physiological
activity [67]. The presence of different phytochemicals in the extracts accounts for varying effects they exert either directly
on the pathogens or by neutralizing the body’s defense by-products through anti-oxidation. Researches have shown that
saponins are well known to possess detergent properties and to exhibit anti-inflammatory properties [68].
Furthermore, cardiac glycosides have been reported to increase the concentration of Ca2+ ions by inhibiting the Na+/K+
pump. The increase of such ions controls the contraction of the heart muscles thus has been employed in the treatment of
congestive heart failure [69].
Moreover, flavonoids have been reported to be highly potent antioxidant compound that aids in the reduction of stroke
incidences, cancer and heart failure [67].
3.3 Anti-microbial activity of selected plants
The antimicrobial activity of the crude extracts (methanol and aqueous) of Copaifera religiosa and Costus lucanusianus
were studied at different concentrations against 9 pathogenic gram (+) and gram (-) bacteria (E. faecalis, B. cereus, S.
aureus, K. pneumoniae, S. sonnei, S. enterica, E. cloacae, P. aeruginosa, E. coli).
C. lucanusianus aqueous extract did not show any inhibition against all strains, while methanol and aqueous extract of C.
religiosa exhibited potent antimicrobial activity towards B. cereus, S. aureus, E. faecalis, and P. aeruginosa. The zones of
inhibition values compared with gentamicin as positive control are presented in (Table 4).
S. aureus was found to be more susceptible towards the aqueous extract of C. religiosa with a maximum inhibitory zone
(33.33±1.52 mm), followed by methanol extract (23.33±1.52mm). B. cereus was found to be more sensitive to the methanol
extract with a maximum inhibitory zone (15.66±0.57mm),
E. faecalis was found to be more sensitive to the C. religiosa methanol extract, with a maximum inhibitory zone
(10.66±0.57mm), followed by aqueous (9.66±0.57mm). P. aeruginosa was found to be more sensitive to the methanol
extract of C. religiosa with a maximum inhibitory zone (7.33±0.57mm), followed by the least sensitive exhibited to the
aqueous extract (6.66±0.57mm).
The anti-microbial activity of aqueous extracts of C. abbreviate, L. edulis and Z. mucronata are shown in Table 5. From
observation, it is apparent that the plant extracts did not possess any form of anti-bacterial activity against the panel of
microorganisms or the bacterial species were resistant to the extracts.
The increasing trend of drug resistant mutations is raising greater health concerns. The majority of people residing in
rural based settings are interested in herbal remedies that they perceive as being safe and effective [70]. Such advancements
have prompted scientists to investigate the efficacy of indigenous medicinal plants with the hope of discovering potential
drug candidates that might eradicate different diseases and overcome the issue of resistance. The type and level of biological
activities which might be exhibited by any plant extracts depends on many factors such as the plants’ part used,
geographical location of the plant, plant drying methods and storage conditions. The efficacy of the extracts can be affected
by elevated temperature during extraction steps. Such adversity might affect the level and composition of the secondary
metabolites within the extract [71].

447

22.66±0.57

10.66±0.57

-

7.33±0.57

-

-

-

S. aureus

E. faecalis

E. coli

P. aeruginosa

S. enterica

E. cloacae

S. sonnei

(- = No activity)

15.66±0.57

200 mg/ml

B. cereus

Microorganisms

-

-

-

-

-

9.66±0.57

25±1.73

14.33±0.57

150 mg/ml

-

-

-

-

-

8.33±1.15

23.33±1.52

12.66±0.57

100 mg/ml

Methanol extracts

-

-

-

-

-

6.33±0.57

16±2.0

12±0

50 mg/ml

-

-

-

6.66±0.57

-

9.33±1.52

30±0

12.33±2.31

200 mg/ml

C. religiosa

-

-

-

-

-

9.66±0.57

33.33±1.52

12±1.73

150 mg/ml

-

-

-

-

-

7±0

29±1.73

9.33±1.15

100 mg/ml

Inhibition zones (mm)

Aqueous extracts

Table 4 Antimicrobial activity of Copaifera religiosa and C. Lucanusianus indicating inhibition zones (mm) ± SD

-

-

-

-

-

-

26±2.64

6.33±0.57

50 mg/ml

-

-

-

-

-

-

-

-

200
mg/ml

-

-

-

-

-

-

-

-

150
mg/ml

-

-

-

-

-

-

-

-

100
mg/ml

Aqueous extracts

C. Lucanusianus

-

-

-

-

-

-

-

-

50
mg/ml

18.33±2.08

20±0

19±0

21±1.00

21.33±0.57

15.33±0.57

25.66±1.15

25±1.73

Gentamicin

Positive
control
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Concerning the antimicrobial activity of Copaifera religiosa and Costus lucanusianus, only Copaifera religiosa
extracts displayed activity against some strains tested. Indeed, C. religiosa extracts showed inhibition of P. aeruginosa,
E. faecalis, B. cereus and S. aureus. Methanolic Copaifera regiosa extract exhibited the highest inhibition on S. aureus.
Yet, regarding C. lucanusianus extracts which did not possess any antimicrobial in this study Baba and Onanuga [41]
demonstrated the inhibitory activity of C. lucanusianus leaves on S aureus, P. aeruginosa and E. coli at a concentration
of 20 mg/ml. This difference on the results may be due to the plant parts used as in this study we worked with stem
instead of leaves, also the mode of extract preparation or the geographical location.
The results of the anti-bacterial activity of C. abbreviate, L. edulis and Z. mucronata demonstrated no activity against
the clinical bacterial strains. These results are in contradiction to findings by Olajuyigbe and Afolayan [72]. The
bacterial isolates E. faecalis, E. coli, K. pneumoniae were shown to exhibit varied degree of susceptibility with zones of
inhibition ranging between 17 and 27 ± 1.0 mm; though the difference in results can be attributed to the extraction
solvent used.
In addition, a study published by Samie et al [73] showed that ethanolic extracted compounds from P. angolensis
inhibited bacterial growth of Staphylococcus aureus with median inhibitory concentration of 25 µg/ml.
In this study, methanolic extracts displayed higher anti-microbial activity than the aqueous extracts. The results
obtained in this study are not surprising because previous reports have shown that certain plant water extracts do not
possess any biological activity [74].
Table 5 Antimicrobial activity of C. abbreviate, L. edulis and Z. mucronata indicating inhibition zones (mm) ± SD
Organism

Positive control

Enterococcus faecalis

Vancomycin hydrochloride

MIC
(µg/ml)
2

Escherichia coli

Gentamicin sulfate

Klebsiella pneumonia

C. abbreviata

L. edulis

Z. mucronata

-

-

-

8

-

-

-

Gentamicin sulfate

2

-

-

-

Salmonella

Gentamicin sulfate/ imipenem
dehydrate/ amicillin/ penicillin
G/ chloramphenicol

Resistant

-

-

-

Streptococcus
agalactiae

Vancomycin hydrochloride

2

-

-

-

(- = No activity)

3.4 Immunomodulatory effects of plants
Several medicinal plants and their compounds have been recorded to possess immunomodulatory potentials [75].
However, no reports were found that have documented on the potential of C. abbreviata as an immunomodulator.
In this review, the aqueous extracts of C. abbreviate, L. edulis and Z. mucronata were investigated for their effects on the
production of IL-2, IL-6 and TNF-α in PBMCs (Table 6). Firstly, the viability of cells was assessed at two
concentrations (50 and 150 µg/ml) using the MTT assay. Proliferation of cells was induced with high concentrations of
C. abbraviata and L.edulis extracts. IL-2 production was increased by low concentrations of C. abbraviata and Z.
Mucronata while L.edulis extract induced secretion of IL-2 at both concentrations. An increase in IL-6 production was
observed for all 3 plants at both concentrations tested. The secretion of TNF-α was induced by C. abbraviata only.
Brendler and Van Wyk [76] showed that phenolic compounds have strong immunomodulatory activities. A study
done by Gayathri et al [77] have indicated that the ability of plants to suppress immune system response was associated
with the presence of some compounds such as glycosides, saponins, flavonoids, and steroids. Most of these compounds
were found to be present in both C. abbreviata and L. edulis. Indeed, plants have been used as immunomodulators in
the treatment of various diseases [78] even in the treatment of autoimmune diseases [79,80]. Therefore, medicinal plants
able to inhibit excessive immune responses might have useful applications in the treatment of immunological disorders
[81].
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Table 6 Immunomodulatory effects of aqueous extracts C. abbreviate, L. edulis and Z. mucronata on PBMCs
Plants tested
Control

Viability (Absorbance)

IL-2 (pg/ml)

IL-6 (pg/ml)

TNF-α (pg/ml)

Cells only

0.16

52

133

17

Positive control (PHA)

0.327

95

488

41

Negative control (DMSO)

0.02

0

109

16

C. abbraviata

100 μg/ml

0.318

39

179

26

Z. mucronata

50 μg/ml
100 μg/ml

0.13
0.145

96
69

498
350

21
16

L. edulis

50 μg/ml
100 μg/ml

0.135
0.244

85
64

471
142

15
13

50 μg/ml

0.155

107

211

12

4. Conclusion
The present review aimed at highlighting studies done on 5 indigenous plants from Gabon and South Africa and giving
the most recent results obtained in house. The literature review indicated the plants to possess a wide range of
compounds with known pharmacological properties. These findings were emphasized by the results obtained in house
demonstrating their phytochemical composition, immunomodulatory and antimicrobial activities. The compounds
found could be used as therapeutic agents in preventing or treating diseases caused by oxidative stress and different
pathogenic strains such as S. aureus, B. cereus, E. faecalis, and P. aeruginosa. In addition, the results obtained, validate
traditional healers’ claims in treating various infections. However, it should be reported that the remedies made by
traditional healers are a composition of various parts of different plant species, in order to improve the efficacy and the
quality of the remedies given to people. This study may help to discover new chemical classes of antibiotic substances
that could serve as selective agents for infectious disease chemotherapy and control.
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