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Abstract

Recent studies have shown that long-term uses of herbs have been associated with a rise in 
morbidity and mortality rates. While most researches are focused on bioactivity investigations, the 
toxicity of many plants has not been reported. There is a paucity of data on the potential toxicity of the 
following plants: Harungana madagascariensis (HM), Pterocarpus osun (PO), Phoenix dactylifera (PD), 
Annona muricata (AM), and Rutidea parvi lora (RP). To evaluate the toxicity of the above-mentioned 
plants; two tests were employed namely: The Brine shrimp lethality test (BSLT) and the Allium cepa 
test. A correlation between the oral acute toxicity assay in mice and the  LC50 obtained from BSLT has 
been established. Allium cepa test measures the potential genotoxic effects of plant extracts exerted 
on the root meristem of A. cepa (onions). Plant extracts were administered in concentrations ranging 
from 100 to 2500 μg/ml to the A. cepa for 72 h to obtain their Mitotic Indices (MI) and EC50. Results of 
the MI at 2500 μg/ml for HM, PO, PD, AM, and RP were 3.75, 4.96, 5.96, 6.10, and 6.71 while 281.81, 
398.11, 501.19, 630.96, and 707.9 μg/ml were obtained as the respective EC50 values. Furthermore, 
10-1000 mcg/ml concentrations were administered in the BSLT and the obtained LC50 values were 
116.3, 250, 581.5, 581.5, and 750 μg/ml. The toxicity result demonstrated that the ϐive plants were 
moderately toxic, with RP exhibiting minimal toxicity values and thus potentially having a good safety 
proϐile. The phytochemical screening of these plants revealed the presence of some pharmacologically 
important classes of compounds that are abundant. Several bioactive and toxic compounds were 
identiϐied in the GC-MS analysis for some of the plants.
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to the whole human body [4]. With a greater percentage of the 
human population relying on herbs, plants play a dominant 
function in the health system, and this is particularly true 
in developing countries especially in Africa with an ancient 
history of herbal medicine use [5].

Toxic ingredients in herbs that are directly connected to 
the active chemicals’ contents in herbs, such as ephedrine-
like alkaloids in Ma Huang, are thought to have internal 
effects. Toxins associated with external factors, including 
contamination, adulteration, and misidentiϐication of herbal 
products, are linked with the foreign toxins content rather 
than the herbs themselves [6]. With the increase in the usage 
of herbs worldwide, either as a primary treatment or as a 
complementary and alternative medicine, the safety and 
efϐicacy of herbal remedies has become a health concern. To 
date, it is difϐicult to make reliable estimates of toxic effects 
due to herbal products, especially since (i) herbal preparations 
are perceived to be safe and therefore individuals using 
plant remedies may not know the products are responsible 
for some of the negative symptoms they have experienced. 

Introduction 

Humans have relied heavily on plants and animals for food 
and their health needs. Plants produce over 10,000 different 
compounds which serve primarily to protect themselves 
from attacks by parasites, pathogens, and predators. A good 
number of the compounds could be potentially of use in the 
pharmaceutical industry [1].

Medicinal plants play an essential part in human cultural 
development globally. Medicinal plants have always been 
at the forefront of practically all cultures of civilization as 
they are considered a rich source of traditional medicines 
and modern medicines are also derived from them. These 
plants owe their activity to different phytochemicals namely: 
alkaloids, ϐlavonoids, saponins, total phenols, tannins, 
glycosides, triterpenoids/steroids [1-3]. 

Traditional Herbal Medicines (THM) are naturally 
occurring plant-derived substances, with minute or no 
industrial treatment, and are useful for treating various 
illnesses in speciϐic locations in the body or with healing ability 
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(ii) the communication gap between herbal medicinal users 
and their physicians on the use of those remedies; (iii) the 
presence of low-quality herbal medicines available, and (iv) 
the availability of counterfeit products [7,8].

Five medicinal plants used in this work are Annona 
muricata L. (leaves), Harungana madagascariensis Lam. 
(stem-bark), Phoenix dactylifera L. (seeds), Pterocarpus osun 
(heartwood) and Rutidea parvi lora DC. (rootbark). These 
selected medicinal plants have a plethora of information on 
their bioactivities and however, a paucity of information on 
their toxicities.

Annona muricata

Annona muricata L. is a deciduous tropical evergreen 
standing tree with a height of about 16-26 feet, having an 
open, rounded canopy with large, lustrous, dark green leaves 
and it belongs to the Annonaceae botanical family. Some plant 
species in the Annonaceae family include; Annona muricata, 
Annona squamosa, Annona montana, Annona crassilfora, 
and Annona reticulate [9]. A. muricata is native to the warm 
tropics of South and Northern America and is now distributed 
in the tropical and subtropical regions worldwide and Africa, 
including Ghana, Cameroun, and Nigeria. A. muricata is 
popularly known as soursop, guanabana, graviola, sirsak and 
Brazilian pawpaw [9-12]. The fruit is unique with an inedible 
skin covered with many soft thorns of about 0.3 cm long and 
around 0.2 cm in diameter. Mature fruit is dark green, hard 
inside and out, and the ϐlesh is white. When the fruit is ripe, 
the skin becomes soft and yellowish-green, and the ϐlesh 
becomes creamy, juicy, and tender. It tastes like a combination 
of strawberries and pineapple, with a sour taste as opposed 
to the basic creamy taste reminiscent of banana and coconut 
[9,12,13]. 

Literature has reported various phytochemicals present in 
the leaves and they include alkaloids, ϐlavonoids, terpenoids, 
phenols, saponins, phlbatannins, carbohydrates, steroids, and 
cardiac glycosides [4,8,14].

Ethno medicinal uses 

The bark, stem bark, leaves, fruits, and seeds of the plant 
are used as medicines mainly in the form of decoction in 
various areas globally with varying applications [15]. In 
Mauritius, Ecuador, and Papua New Guinea, leafy preparations 
are applied locally to pain sites [8,16]. Furthermore, in Brazil, 
Mexico, Nicaragua, and Martinique leaf extract serves as an 
analgesic when ingested, and formulations are used in the 
management of ϐlu, cold, and asthma in asthmatics [17,18]. 
Then in Malaysia, it is used to treat parasites both within and 
on the skin of humans [15]. In tropical countries, like Vietnam, 
Ghana, Cameroun, and Nigeria, leaf decoctions are employed 
in plasmodiasis treatment [17,18] as the mature ripe fruit 
serves as food in local societies around the world [12].

Pharmacological activities 

Reviews on the pharmacological activities of the plant 

show that a greater percentage of the work has been on in vitro 
studies (about 66%), followed by in vivo (around 32%) and 
very little on clinical studies (within the 2% range). Extracts 
obtained for studies are mainly organic (about 80% - 90%) 
and less aqueous extracts (about 10%), which also mimics the 
way locals use the plants [8].

Phoenix dactylifera 

Phoenix dactylifera L. commonly called date belongs to the 
Arecaceae or Palmae plant family, which comprises over 200 
genera and about 2,500 species worldwide [19]. Phoenix is the 
genus grown because it has sweet edible fruits. P. dactylifera 
(date palm) is seen as one of the most ancient staple crops 
that have been grown since the time of old by humans as food 
in the Middle East, Southwest Asia, Saudi Arabia, and North 
Africa, especially in Egypt [19]. Additionally, the date fruit is 
grown in Australia, Latin American countries, South Africa, 
and the United States of America [20-23]. Dates can grow in 
very hot and dry climates and tolerate salty and alkaline soils 
relatively well with little rainfall and very low humidity [20]. 
The ϐlowers of the date palm plant are small and yellowish 
and hang directly on the spikelets that develop into the date 
fruits. Fruits are berries with pits surrounded by ϐibrous 
paper endocarp, ϐleshy mesocarp, and fruit skin (pericarp). 
Trees in different continents globally produce fruits that vary 
in shape, size, weight, organoleptic, and physicochemical 
properties [20,24]. There are reports in the literature on some 
of the phytochemicals in the date fruit; these include tannins, 
sterols, ϐlavonoids phenols, and carbohydrates [25,26].

Ethno medicinal uses 

Several medicinal uses are connected to consuming Phoenix 
dactylifera L. fruit either directly or indirectly. The fruit has high 
tannin content, which makes it a good astringent for treating 
intestinal problems [20]. The fruit is formulated as decoctions; 
syrups, pastes, and infusions are often administered for colds, 
sore throats, and bronchial coughs [27]. The pulverized dried 
roots of the plant are useful in the treatment of toothache in 
regions where it is commonly located. Pollen from the palm 
contains the estrogenic compound, which aids fertility in 
women [28].

Pharmacological activities 

Several pharmacological activities have been reported on 
Phoenix dactylifera L. which include antidiabetic, anti-tumor, 
anti-inϐlammatory, antimicrobial, nephroprotective, and 
antioxidant activities [19].

Pterocarpus osun 

Pterocarpus osun L. is a deciduous leguminous plant 
belonging to the Fabaceae family. It is found in the savannah 
region of Africa and arid forests and is widespread in tropical 
regions worldwide [29]. The plant is commonly known by 
many as “camwood” and given different names by various 
tribes in Nigeria and wherever they may be found globally. P. 
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osun L. has several common names including Vene in French, 
Bani or Banuhi in Burkina Faso, Kino in Gambia, Palissandre in 
Senegal, Osun-dudu in the Southwestern part of Nigeria, and 
Madubiya in Northern Nigeria. Besides the use of this plant 
in traditional medicine, many people use the wood because it 
serves as fuel in cooking by the locals and has made the plant 
an endangered species [29]. The plant serves as a natural dye 
locals use during cultural displays and also in some of their 
cosmetic preparations [6].

Phytochemicals that have been reported on Pterocarpus 
osun L. include ϐlavonoids, tannins, terpenoids, alkaloids, 
glycosides, and phenols [6,29].

Ethno medicinal uses 

The stem of P. osun when pulverized into ϐine particle 
size is administered to prevent conditions resulting from 
severed umbilical cords in newborns [30,31]. Use of the plant 
in the treatment of eczema, candidiasis, rheumatoid arthritis, 
gonorrhea, and acne has also been reported [31]. In addition, 
stem is formulated into herbal medicine, NICOSAN which is 
used for treating individuals with sickle cell condition and 
amenorrhoea [31]. Furthermore, the dried leaves are used to 
formulate black soap traditionally while the bark, heartwood, 
and roots are also formulated into skin care products for 
individuals [31]. The use of Pterocarpus spp in the treatment 
of type 2 diabetes mellitus has been reported [29].

Pharmacological activities

P. osun stembark extracts have shown good activity against 
Alcaligenes faecalis, Bacillus cereus, Enterobacter aerogenes, 
Escherichia coli, Proteus vulgaris, Pseudomonas aeruginosa, 
Bacillus subtilis, and Staphylococcus aureus. Other literature 
established that Pterocarpus species (P. cannabinoids, 
P. soyaxuii, and P. osun) exerted antimicrobial activities on 
different microorganisms [31-33].

Harungana madagascariensis

Harungana madagascariensis (Lam. ex. poir) is a ϐlowering 
tree belonging to the Hypericaceae family [34]. It is distributed 
throughout tropical and subtropical African regions and is 
particularly native to Central Africa, the Republic of Congo, 
the Democratic Republic of Congo, Equatorial Guinea, Angola, 
Ethiopia, Lesotho, Sudan, and South Africa and also found in 
western African countries including Nigeria [35]. It is a small 
size bushy tree with a height of about 4 m - 7 m with fruits that 
turn red or yellow when fully mature [35,36]. 

Flavonoids, alkaloids, steroids/triterpenoids, lanthanoids, 
anthraquinones, tannins, phlorotannins, saponin, 
carbohydrates, and xanthones are some of the phytochemicals 
present in the plant [37,38].

Ethno medicinal uses 

Decoction of the leaves and the stem bark are used locally 

in treating anemia, malaria, fever, gastrointestinal disorders, 
and nephrosis [37]. Additionally, root preparations are 
used in treating ailments such as hemorrhoids, leprosy, and 
gonorrhea [37]. Furthermore, the leaf preparations are used 
in treating dysentery and skin problems and for wound 
dressing by Ghanaians [36-39]. People of Sierra Leone use 
the leaves and bark to arrest post-partum hemorrhage and as 
medication for digestive problems [37,40,41]. 

Pharmacological activity 

The local uses agree with the pharmacological in vitro and 
in vivo investigations of the plant extracts and the activities 
include antimicrobial, anti-protozoan, anti-sickling, and anti-
inϐlammatory [42-44].

Rutidea parvifl ora DC.

Rutidea pavi lora DC is of the Rubiaceae plant family. It is 
found throughout the regions of West Africa; Senegal, Guinea, 
Sierra Leone, Ivory Coast, Liberia, Equatorial Guinea, Ghana, 
and Nigeria. It is located around the South-West and South-
Eastern regions of Nigeria. Flavonoids, tannins, alkaloids, 
saponins, terpenoids, carbohydrates, and cardiac glycosides 
are some phytochemicals reported [45].

Ethno medicinal uses 

R. parvi lora is reportedly used by the people of Delta 
state, Nigeria in treating different conditions including 
inϐlammation, cancers, convulsions, and other seizure types 
[45,46].

Pharmacological activity 

In vitro, the pharmacological activity of the plant has been 
documented. Extracts of R. parvi lora were active against four 
ovarian cancer cell lines [45].

Brine Shrimp (Artemia salina) Lethality Test (BSLT) 

BSLT is a simple preliminary cytotoxicity assay for 
screening bioactive compounds and other chemical substances 
[47]. Some of the bioactive chemicals include plant extracts 
[48], cyanobacteria toxins [49], and other chemicals such as 
pesticides [50] and heavy metals [51]. Among these benchtop 
assays for determining the toxicity of substances; are yellow 
fever mosquito larvae lethality assay [52], frond proliferation 
inhibition in duckweed [53] and crown gall tumor inhibition 
on discs of potato tubers [54]. BSLT remains one of the tests 
that does not require sophistication and most cost-effective 
[55].

Allium cepa Cytotoxicity Assay (ACCA) 

This assay is used to investigate the potential genotoxicity 
of a variety of chemical, physical, and biological agents. There 
is a long history in the scientiϐic literature, from the ϐirst 
experiment carried out [56], followed by a more standardized 
examination method [57] and then recently [58,59]. 
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Reports of some other plants that have been employed in 
cytotoxicity bioassay recently: Zea mays and Drimia indica 
(Roxb.) Jessop [60,61]. Despite the use of these plants, A. 
cepa has the advantage over them because of the large size of 
chromosomes that are seen under the light microscope [59].

The overall objective of this study is to evaluate the 
cytotoxic and genotoxic effects of the medicinal plants’ 
extracts using the Brine shrimp lethality test (BSLT) and 
Allium cepa cytotoxicity assay (ACCA) and to identify the 
bioactive chemical compounds in the extracts using GC-MS.

Materials and methods
Materials 

Collection, identiϐication and authentication: Plant 
materials of Annona muricata (leaf), (herbarium No. 
UPHA0564); Phoenix dactylifera (pit), (Herbarium No. 
UPHA0565); Harungana madagascariensis (stembark), 
(Herbarium No. UPHH0566)    Pterocarpus osun (heartwood), 
(Herbarium No. UPHH0567) and Rutidea pavi lora (rootbark), 
(INTERCEDD/1588) were sourced from a bio-reserve in 
Delta State, Nigeria and authenticated by a botanist, Mr 
Alfred O. Ozioko (INTERCEDD) with expert advice offered by 
Prof. J. F. Bamidele of the Department of Plant Biology and 
Biotechnology, University of Benin, Nigeria. Voucher specimen 
numbers were deposited in the herbarium.

Equipment and Instruments: Photo microscope, 
Electronic weighing balance (model WT6002A), Grinding 
machine, Maceration jars, Thermostat bath (HH-6; Techmel 
and Techmel, USA), Lypholiser (Harvest right scientiϐic 
freeze dryer), Beakers, Glass funnels, Measuring cylinders, 
Conical ϐlask, Rotary evaporator (R-205), Desiccator, Spatula, 
Crucibles, Filter papers, Syringes and Digital thermometers, 
Gas Chromatography-Mass Spectrometer (GC-MS) (7890B 
GC system coupled with an Agilent 5977A MSD with a 
Zebron-5MS column (ZB-5MS 30 m × 0.25 mm × 0.025 μm) 
(5%-phenylmethylpolysiloxane). 

Reagents: Methanol, Dichloromethane of Analytical grade 
(Sigma-Aldrich). Chloroform, Diethyl Ether, Acetic Anhydride, 
Glacial acetic acid, Sodium picrate, 2% 3,5-Dinitrobenzoic acid, 
Picric acid, Iodine solution, Dimethylsulfoxide, (JHD company, 
Guangdong. GuanghuaSci-Tech. Co. Ltd. China), Wagner’s 
reagent, Ammonia solution, Saturated lead acetate solution, 
Hydrochloric acid, Dragendorff’s reagent, Million’s reagent, 
Benedict’s solution, 7.5% Potassium Hydroxide, Sodium 
Hydroxide, Kedde reagent, Ferric chloride solution, Fehling’s 
solution A and B (Sigma Aldrich Chemicals, St Louis, USA), 
Deionized water, Distilled water (Pharmaceutical Chemistry 
Lab, University of Port Harcourt).

Methods 

Extraction of the plant materials: The plant materials 
were extracted according to the American National Cancer 
Institute (NCI) method of extraction. 200 g of pulverized plant 

was macerated in a mixture of dichloromethane (500 ml) and 
methanol (500 ml) in 1:1 for 24 h. The plant material ratio 
to the solvent used was 1:5 and maintained for all weighed 
amounts of plant materials used. The obtained solution 
containing the extracts was decanted and methanol (500 ml) 
was added to the residue and allowed to stand for another 24 
h. The solution of the extract was collected by ϐiltration and 
1000ml of deionized water was added to the residue. The 
aqueous extract was collected after 24 hours of maceration. 
The methanol extraction was combined with the 1:1 
dichloromethane and methanol extraction to yield the organic 
extract. This extraction solution was evaporated to dryness on 
a rotary evaporator at a temperature of 40 ̊C. The obtained 
dry extracts were further dried in a desiccator to remove any 
trace of solvent. The aqueous extraction was dried using a 
lyophilizer to obtain a solid sample. 

The percentage yields of the crude extracts of the plant 
were calculated as follows:

   
Weight of Extract (g)

Yield %   100
Weight of Pulverized Plant g

 

Phytochemical screening: The plant extract (crude 
extract of the stem bark) was subjected to preliminary analysis 
using the method described by Trease and Evans [62].

GC-MS analysis of the organic extracts: The gas 
chromatography-mass spectrometry (GC-MS) analysis of 
the DSE was quantitatively determined using an Agilent 
7890B GC system coupled with an Agilent 5977A MSD with 
a Zebron-5MS column (ZB-5MS 30 m × 0.25 mm × 0.025 μm) 
(5%-phenylmethyl polysiloxane). The GC-grade helium served 
as the carrier gas at a constant ϐlow rate of 2 mL/min. The 
DSE was dissolved with ethanol and ϐiltered before use. The 
column temperature was maintained at 60 °C and gradually 
increased at 10 °C per minute until a ϐinal temperature of 300 
°C was reached. The time taken for the GC-MS analysis was 
30 min. The compounds were identiϐied based on computer 
matching of the mass spectra with the NIST 11 MS library 
(National Institute of Standards and Technology Library).

Experimental design  

This study was designed in line with the ethically approved 
experimental protocols adopted by the Department of 
Experimental Pharmacology and Toxicology, of the Faculty of 
Pharmaceutical Sciences, University of Port Harcourt.

Artemia salina lethality test

Brine shrimp (A. salina) eggs obtained from Thailand, 
(American Eagle brand, the Great Sea Lake, USA) were 
incubated in artiϐicial seawater (ASW) in a hatching vessel at 
a temperature of 28 ± 2 ⁰C for 24 h after which the hatched 
nauplii were left for 24 h more in the same experimental 
conditions for further development to the meta nauplii stage. 
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10 nauplii of 48 h’ old were introduced into 10ml beakers 
containing concentrations of the sample done in triplicate for 
the six concentrations and control. ASW was then added to 
make the volume up to 1 ml. 1 ml of different concentrations 
of the plant extract; 10, 100, 250, 500, 750, and 1000 μg/ml 
was used to make volume up to 2 ml. They were allowed for 
24 h at a temperature of 28 ± 2 ˚C with a sufϐicient amount 
of light in a well-aerated environment. ASW was used as the 
control and solubilizing agent for the experiment. 24 h later, 
the number of dead Artemia salina was counted, and recorded 
and the lethal concentration 50% (LC50) value and 95% 
conϐidence interval were analyzed using the probit analytical 
tool. Mortality percentage of the dead nauplii was calculated 
using the formula below

   
% Mortality  100

   + live 

number of dead nauplii

number of dead nauplii
 

Allium cepa test

Onion bulbs (Allium cepa L., 2n = 16) of about 1.5 cm - 
2.5 cm were purchased from a local market at Choba in Port 
Harcourt, Nigeria, were sundried for 2 wks, and the outer 
covering carefully taken off leaving the root primordial 
unscratched that were then used for the assay by the standard 
procedures [36].

Three onion bulbs were selected and used for the six 
concentrations (100, 250, 500, 750, 1000, and 2500 μg/ml) of 
the ϐive plant extracts and also for the control (distilled water) 
at a pH of 7.3. The base of the onion bulbs was suspended in 
beakers containing samples for test and kept in the dark for 
72 h while test samples were changed every 24 h and at 72 h 
exposure to the sample solution, measurements of A. cepa root 
length were taken using a meter rule for bulbs with very good 
growth in centimeters. The different concentrations of plant 
extracts and that of the control, the percentage of root growth 
inhibition about the negative control, and EC50 (effective 
concentration at which root growth equals 50% of the test 
control) for various plant extracts were obtained. Newly 
grown roots were cut from each onion bulb and examined for 
possible morphological abnormalities [63].

Evaluation of induction of chromosomal aberration, 
Onion bulbs (3) were placed in test tubes containing different 
concentrations (100, 250, 500, 750, 1000, and 2500 μg/ml) of 
plant extracts and the control for 72 h. Root tips of the onion 
bulbs were cut after 72 h, ϐixed in ethanol (3): glacial acetic 
acid (1) (v/v) and hydrolyzed in 1N HCl at a temperature of 
60 ⁰C for 5 mins and washed in distilled H2O. 

The tips of two roots were crushed on each slide, and 
stained with acetocarmine dye for 10 mins and cover slips 
were carefully placed to eliminate the entrance of the air 
bubble. Clear ϐingernail polish was used to seal the cover slips 
on slide [64] with little modiϐications. Slides were prepared 
for various concentrations (6 slides) and that of the control 

(1 slide) making the total number of slides up to 7, cells per 
slide were examined using a microscope with magniϐication 
of x1000. 

The mitotic index (MI) was calculated using the equation 
below [65].

  number of cells in mitosis
Mitotic Index MI   100

total number of cells
 

Measurement of the A. cepa root length was used as the 
index of general toxicity after 72 h of exposure to different 
concentrations of plant extracts.

Statistical analysis

The BLST and Allium cepa assay were done in triplicates. 
The data were presented as mean ± standard error of the 
mean (SEM). The signiϐicant differences of the ϐive extracts 
were found using the Two-way analysis (ANOVA), with 
Monte Carlo posthoc test. A P value of less than 0.05 was 
deemed signiϐicant. The program Graph Pad Prism version 
8.0 (GraphPad Software, LA Jolla, CA, USA) was used for all 
statistical analysis.

Results
Table 1 illustrates the yield of the ϐive medicinal plants 

after the pulverized plant materials were macerated in 
dichloromethane and methanol ϐirst in a ratio of 1:1. Marc 
was later macerated in methanol, ϐiltered and placed in the 
desiccator for a few days to remove any remaining solvent. 
Weights of the dry extracts were taken and later placed back 
in the desiccator, after 2 h weights were checked until they 
were constant. High yield was obtained from A. muricata 
leaves compared to the amount obtained from other plants 
that were macerated.

Table 2 illustrates the phytochemical screening result of 
the ϐive medicinal plants namely, Annona muricata, Harungana 
madagascariensis, Phoenix dactylifera, Pterocarpus osun, and 
Rutidea parvi lora. 

A. muricata leaves showed the presence of alkaloids, 
ϐlavonoids, saponins, phlorotannins, terpenoids, carbo-
hydrates, and cardiac glycosides. Phytochemicals obtained 
are in order with previous research work [4,8,14].

Harungana madagascariensis phytochemicals [14,37] 
agree with those in this research work and include alkaloids, 
tannins, ϐlavonoids, phlorotannins, steroids/triterpenoids, 
carbohydrates, and saponins. 

Table 1: Percentage yield of Plants’ crude extract.
Plant Extract Percentage Yield(%W/W)

Annona muricata 9.0
Harungana madagascariensis Lam 5.7

Phoenix dactylifera L. 8.5
Pterocarpus osun L. 9.8

Rutidea pavi lora 2.5
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Reports obtained from other work include tannins, 
steroids, ϐlavonoids, phenols, and carbohydrates in Phoenix 
dactylifera [1,19,26]. However, saponins and anthraquinones 
were also observed in addition to those mentioned earlier.

Flavonoids, tannins, terpenoids, alkaloids, glycosides, 
and phenols are reported phytochemicals in Pterocarpus 
osun [6,9]. Phytochemicals obtained correspond to existing 
literature with the current work showing the presence of 
saponins, phlobatannins, and anthraquinones. 

Rutidea parvi lora DC has been reported to contain 
phytochemical compounds which include ϐlavonoids, tannins, 
alkaloids, saponins, terpenoids, carbohydrates, and cardiac 
glycosides [45] and they are following the result obtained.

The results of the BSLT assay on the ϐive medicinal 
plants are contained in Table 3. The ϐindings showed 
that the mortality was dose-dependent, with 1000 μg/ml 
concentration resulting in high fatality or total elimination of 
the nauplii.

Table 4 shows the percentage mortality and LC50 values for 
all the plants in the BSLT.

In this test H. madagascariensis, Pterocarpus osun, Phoenix 
dactylifera, Annona muricata and Rutidea parvi lora had 
LC50 values of 235.9, 250.0, 660.7, 660.7 and 750.0 μg/ml
respectively. H. madagascariensis was the plant with the least 
LC50 which implies that the dose that was lethal on 50% of the 
Brine shrimp population was smaller than the other plants. 
However, for Pterocarpus osun when the concentration 

increased to 500 μg/ml it was lethal to the whole Brine shrimp 
population in the test medium. Phoenix dactylifera and Annona 
muricata had similar LC50 values in the experiment while that 
of Rutidea parvi lora extract was 750.00 μg/ml which was the 
least toxic of the ϐive plants. 

Further evaluation of the cytotoxicity of these plants was 
demonstrated on the Allium cepa test, in which the root tips of 
the onion bulbs were exposed to the solutions of the different 
plant extracts at various concentrations. The obtained results 
are portrayed in Figure 1.

Again, a dose-dependent cytotoxicity is observed and the 

Table 2: Phytochemical Screening of Plants’ extracts (crude/organic)
 Test Type Annona muricata Harungana mascariensis Phoenix dactylifera Pterocarpus osun Rutidea parvi lora

1 
(a) 
(b) 
(c) 

Alkaloids 
Dragendorff’s Test 

Meyer’s Test
Hager’s Test 

 
- 
+ 
- 

+
-
-

+
-
+

+
-
-

-
+
+

2 
(a) 
(b) 

Flavonoids 
Shinoda Test 

Aluminum Chloride Test 

 
+
+ 

+
+

+
-

+
-

-
+

3 
(a) Tannins 

Ferric chloride Test 
 
+ + + + +

4 
(a) 
(b) 

Carbohydrates 
MolishTest 

Fehling’s Test 

 
+
-

-
-

-
+

+
-

-
+

5 
(a) 
(b) 

Saponins 
Frothing Test 
Emulsion Test 

 
- 
+ 

-
-

+
+

+
-

+
+

6 
(a) 

Phlobatannins 
Hydrochloride acid Test 

 
+ + + + -

7 
(a) 
(b) 

C-Glycosides 
Keller killiani Test 

Kedde Test 

 
+ 
+ 

+
+

-
-

+
+

+
+

8 
(a) 
(b) 

Triterpenoids/Steroids 
Leibermann-Buchard Test 

Salkwoski test 

 
+
+ 

+
+

+
+

-
-

+
+

9
(a)

Anthraquinone
Bontrager Test - - + + -

10
(a)

Phenol
Ferric Chloride Test + - + + +

Key: (+) = Present (-) = Absent

Table 3: Mortality in percent of the ϐive medicinal plants’ extracts on Artemia salina 
after 24 h of exposure in the Brine shrimp lethality test (BSLT).

Concentration 
of plant extract 

(μg/ml)

       % mortality of Brine shrimp after 24 h (Mean ± SEM)
H.

madagascariensis P. osun P.  
dactylifera

A. 
muricata

R. 
parvi lora

10 17.0 ± 0.2 17.0 ± 0.2 7.0 ± 0.2 7.0 ± 0.2 13.0 ± 0.2
100 43.0 ± 0.2 30.0 ± 0.2 17.0 ± 0.2 17.0 ± 0.2 23.0 ± 0.2
250 53.0 ± 0.2 50.0 ± 0.2 27.0 ± 0.2 27.0 ± 0.2 37.0 ± 0.2
500 63.0 ± 0.2 100.0 ± 0.0 43.0 ± 0.2 43.0 ± 0.2 43.0 ± 0.2
750 77.0 ± 0.2 100.0 ± 0.0 53.0 ± 0.2 53.0 ± 0.2 50.0 ± 0.2

1000 93.0 ± 0.2 100.0 ± 0.0 73.0 ± 0.2 73.0 ± 0.2 53.0 ± 0.2

Table 4: LC50 values of the ϐive plants’ extracts in BSLT
Plant LC50 (μg/ml)

Harungana madagascariensis 235.9
Pterocarpus osun 250.0

Phoenix dactylifera 660.7
Annona muricata 660.7
Rutidea parvi lora 750.0
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most cytotoxic of the ϐive medicinal plants was Harungana 
madagascariensis. While the least cytotoxic of these plants was 
Rutidea parvi lora.  The EC50 of the extracts was determined 
and is presented in Figure 2.

Different plants’ extracts had an inhibitory effect on 
the A. cepa root growth [66-68]. After 72h of exposing the 
growing onion bulbs to different concentrations of various 
plant extracts, some had a very good inhibitory effect on the 
dividing plant cells of which Harungana madagascariensis was 
the most effective. Root tips of the onion bulbs were measured 
for each concentration, and a plot was made to obtain the 
EC50 as shown in Figure 2. Harungana madagascariensis had 
316.23 μg/ml and the least was R. parvi lora.  A concentration-
dependent inhibition was observed which was also seen with 
the root number in Figure 1 and is in line with previous work 
[57,63,69,70]. 

The Mitotic Index of the onions treated with different 
concentrations of the ϐive medicinal plants was determined 
and the results displayed in Figure 3.

The percentage of aberrant cells was determined for the 
plant extracts and presented in Figure 4.

The different stages of the mitotic division in the Allium 
cepa root tips are shown in Figure 5.

The results contained in Figure 3 revealed that Harungana 
madagascariensis had the least MI, which by implication, 
indicates lesser cell division occurred in the root tips of the 
Allium cepa. treated with the different concentrations of this 

plant. Thus, the ϐindings from the mitotic index (MI), showed 
that more toxic plant extracts had lower MI, while less toxic 
plant extracts had higher MI. 

Again the % aberrant cells present in the 1000 ppm extract-
treated root tips of the onion bulbs as presented in Table 4 
above, demonstrated that there was no signiϐicant variation in 
the aberrant cells population.

The GC-MS analysis of the ϐive investigated medicinal 
plants was carried out to determine the non-polar and 
moderately polar potential bioactive compounds and cytotoxic 
compounds present in these plants. A literature search was 
further carried out to identify the documented activities of the 
identiϐied compounds. The GC-MS results are shown in Tables 
5-9.

Table 5 shows the GC-MS analysis for P. osun heartwood 
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Figure 1: Effect of the ϐive plants’ extracts on cell division of A. cepa root after 72h of 
exposure in the cytotoxicity test (ACCA).
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Figure 2: ACCA EC50 (μg/ml) values for the effect of plants’ extracts on cell division 
of A. cepa root.
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Figure 3: The Mitotic index of the onion cells treated with the extracts at different 
concentrations. The percentage of aberrant cells was determined for the plant 
extracts and presented in Figure 4.
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Figure 4: The % Aberrant cells in the number of dividing cells of the plant extracts-
treated onion bulbs at a concentration of 1000 ppm.

Figure 5: Photograph of squashed A. cepa root tip showing the stages of mitosis in 
ACCA. A = Prophase, B = Metaphase, C = Anaphase, D = Telophase, E = Interphase.
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Table 5: GC-MS Analysis of P. osun Heartwood Organic Extract.

S/N RT (Min) Peak Area (%) MW MF  Compound Documented Bioactivity

1 9.233 12.12 294 C19H34O2 9,12-Octadecadienoic acid (Z, Z)-, methyl ester
Antioxidant [71]

Antimicrobial [72]
Anticancer [71]

2 9.279 19.23 296 C19H36O2 6-Octadecenoic acid, methyl ester,(Z)- Antipyretic [73] 

3 9.68 1.11 294 C19H34O2 9,15-Octadecadienoic acid, methyl ester, (Z, Z)- Anti-cancer and anti-inϐlammatory [74].

4 16.25 39.57 284 C17H16O4 Homopterocarpin Cytotoxic to human cancer cells [75]

5 16.065 3.05 284 C17H14O5 Pterocarpin Cytotoxic to human cancer cells [75]

6 20.93 0.94 286 C17H18O4

Phenol, 2-(3,4-dihydro-7-methoxy-2H-1-benzopyran-3-yl)-
5-methoxy Antioxidant [76]

Table 6: GC-MS Analysis of P. dactylifera pits organic extract.

S/N RT (Mins) Peak Area (%) MW MF  Compound Documented Bioactivity

1 5.096 7.73 134 C10H14 1,3,8-p-Menthatriene Antimicrobial [77]

2 16.185 9.38 270 C17H34O2

 Hexadecanoic acid, methyl ester (methyl 
palmitate)

Antifungal, antioxidant antimicrobial, hypocholesterolemic, 
 nematicidal, pesticidal, antiandrogenic ϐlavor, hemolytic, 

5-Alpha reductase inhibitor [78,79].

3 17.850 9.51 294 C19H34O2

9,12-Octadecadienoic acid, methyl ester 
(oleic acid derivative) Antibacterial, Antifungal [71,72]

4 18.142 4.25 298 C19H38O2 Methyl stearate Antifungal and Antioxidant [78] 

5 18.328 2.14 298 C18H31ClO 9,12-Octadecadienoyl chloride, (Z, Z)- Antimicrobial [80] 

Table 7: GC-MS Analysis of H. madagascariensis stem bark organic extract.

Peak RT Area (%) MW MF  Compound Documented Bioactivity

1 4.495 14.03 136 C10H16 β-Pinene Antimicrobial, Antibacterial [81] 

2 5.119 134 C10H14 1,3,8-p-Menthatriene Antimicrobial [77] 

3 6.509 0.18 154 C10H18O Terpinen-4-ol Antifungal [82]

4 7.333 1.28 154 C10H18O  L-α-Terpineol Anticancer, antioxidant [83]

5 16.58 8.39 270 C17H34O2 Hexadecanoic acid, methyl ester Antifungal, antioxidant, antimicrobial, hypocholesterolemic, nematicidal, pesticidal, 
antiandrogenic, ϐlavor, hemolytic, 5-Alpha reductase inhibitor [78,79]

6 17.163 0.18 294 C17H34O2

9,12-Octadecadienoic acid, methyl 
ester Antibacterial and Antifungal [71,72]

7 18.033 0.90 298 C19H38O2 Methyl stearate Antifungal and Antioxidant [78]

Table 8: GC-MS Analysis of A. muricata leaves organic extract

S/N RT (Mins) Peak Area (%) MW MF Compound Documented Bioactivity

1 15.264 0.11 296 C20H40O 3,7,11,15-Tetramethyl-2-
hexadecen-1-ol  Antibacterial, Antioxidant [84]

2 16.162 0.71 270 C17H34O2 Hexadecanoic acid, methyl ester Antifungal, antioxidant, antimicrobial, hypocholesterolemic, nematicidal, 
pesticidal, antiandrogenic, ϐlavor, hemolytic, 5-Alpha reductase inhibitor [78,79]

3 17.822 0.56 294 C17H34O2

9,12-Octadecadienoic acid, methyl 
ester Antibacterial, Antifungal [71,72]

4 18.142 0.32 298 C19H38O2 Methyl stearate Antifungal and Antioxidant [78]

5 20.74 1.78 312 C20H40O2

Octadecanoic acid, 11-methyl-, 
methyl ester Antimicrobial [72]

Table 9: GC-MS Analysis of R. parvi lora root-bark organic extract.

S/N RT (Mins) Peak Area % MW MF Name of Compound Documented Bioactivity

1 8.455 0.82 218 C15H22O 2(1H)Naphthalenone, 3,5,6,7,8,8a-hexahydro-4,8a-dimethyl-6-
(1-methylethenyl)- Tyrosinase Inhibitor [7]

2 9.765 0.19 280 C20H40 Cyclohexane, 1-(1,5-dimethylhexyl)-4-(4-methylpentyl)- Antimicrobial activity Antibacterial and Anti-cancer [85]

3 10.869 3.19 282 C18H34O2 cis-Vaccenic acid Antibacterial, Hypolipidemia [86] 

4 11.075 9.10 284 C18H36O2 Octadecanoic acid Antifungal, Antitumor, Antibacterial [72]

5 13.038 0.70 286 C17H34O3 Hexadecanoic acid, 10-hydroxy-, methyl ester Antifungal, Antioxidant,
Antimicrobial, Hypocholesterolemic [78]

6 15.973 0.23 330 C19H38O4 Octadecanoic acid, 9,10-dihydroxy-, methyl ester Antibacterial and Antifungal [72]

7 36.841 2.51 412 C29H48O Chondrillasterol Cytotoxic [72]
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organic extract. The information on the chromatogram of the 
sample is represented as retention time (RT), peak area (%), 
molecular weight, molecular formula, name of the compound, 
and documented bioactivity. Some of the compounds 
seen are; 9,12-Octadeca dienoic acid (Z, Z)- methyl ester, 
6-Octadecenoic acid (Z)- methyl ester, hemopterocarpin, and 
pterocarpin. These compounds have been shown to possess 
various bioactivities including antimicrobial, antipyretic, 
anti-inϐlammatory, and cytotoxic activity. The toxicity effects 
of P. osun extract on Artemia salin a and Allium cepa could 
be attributed to the homopterocarpin and pterocarpin 
compounds identiϐied by the GC-MS analysis. The plant was 
one of those that exhibited a great level of toxicity on A. salina 
and A. cepa as observed in the study. 

Table 6 shows the result of the GC-MS analysis of Phoenix 
dacty lifera pits extract represented as the peak, retention time, 
area (%), molecular weight, molecular formula, compound, 
and documented bioactivity. The chromatogram showed 
peaks and some of the compounds are displayed in the 
Table. 1,3,8-p-menth atriene, hexadecanoic acid, methyl ester 
(methyl palmitate), and 9,12-Octadecadienoic acid, methyl 
ester (oleic acid derivative) are some of the compounds. Most 
of these compounds have been reported to have antimicrobial 
and antioxidant activities. Phoenix dactylifera pits extract 
exhibited a good toxic effect in the research and looking at 
the nematicidal and pesticidal activities of hexadecanoic acid, 
methyl ester (methyl palmitate) in Table 8, this probably 
points to the lethal effect on Brine shrimp and A. cepa in the 
research. 

Table 7 shows the GC-MS analysis for H. madagascariensis 
stembark organic extract. Compounds represented in the 
Table are; β-Pinene, 1,3 ,8-p-Menthatriene, Terpinen-4-ol, 
L-α-Terpineol, and hexadecanoic acid methyl ester. Most of 
the compounds have documented antimicrobial activity. Also, 
hexadecanoic acid methyl ester has nematicidal and pesticidal 
activities which probably could be responsible for the high 
toxicity effect seen on both brine shrimp and Allium cepa in 
the study. Furthermore, the documented anticancer activity 
of L-α-Terpineol could also be suggestive of the toxic effects 
observed in the research. 

Table 8 represents the GC-MS analysis for the organic leaf 
extract of A. muricata. Compounds are 3,7,11,15-Tet ramethyl-
2-hexadecen-1-ol, hexadecanoic acid methyl ester, and 9, 
12- Octadecadienoic acid methyl ester. These are compounds 
with documented antibacterial, antioxidant, and antifungal 
bioactivities. However, the recorded nematicidal and pesticidal 
activities of the plant as shown in the chromatogram could be 
responsible for the toxicity effect on Brine shrimp and A.cepa. 

Table 9 shows the GC-MS ana lysis of R. parvi lora root-
bark organic extract. Compounds are 2(1H) Naphtha lenone, 

3,5,6,7,8,8a-hexahydro-4,8a-dimethyl-6-(1-methylethenyl)-, 
Hexadecanoic acid, 10-hydroxy-methyl ester. Activities such 
as antifungal, antimicrobial, antineoplastic, and cytotoxicity 
have been reported. The experiment carried out showed the 
plant to be toxic to the Brine shrimp and A. cepa, although it 
was not as other plants however, it exhibited toxicity.

Discussion
The study of the cytotoxicity of the ϐive selected medicinal 

plants was carried out in this research. The literature 
survey conducted showed that these plants had a rich 
ethnopharmacological history of use in numerous societies. It 
was discovered that plants like R. parvi lora, and P. osun had a 
paucity of documented activities. 

The phytochemical screening undertaken in this study 
documented that the main classes of phytoconstituents 
present in these plants are alkaloids, tannins, terpenoids, 
and saponins. These classes of compounds have been linked 
to several biological activities. The GC-MS analysis showed 
that hexadecanoic acid, methyl ester (methyl palmitate), and 
9,12-Octadecadienoic acid, methyl ester (oleic acid derivative) 
are some of the compounds of the abundant compounds 
present in these plants, as it cuts across the ϐive plants. 
These compounds are fatty acids with documented bioactive 
properties.

In terms of the cytotoxic propensity of the ϐive selected 
medicinal plants, it could be said that the contributions of 
hexadecanoic acid, methyl ester, and 9,12-Octadecadienoic 
acid, methyl ester are negligible, as these compounds were 
predominantly present in all the extracts.

The cytotoxicity of P. Osun. is most likely attributable to 
the presence of hemopterocarpin and pterocarpin. These 
compounds have been shown to possess various bioactivities 
including antimicrobial, antipyretic, anti-inϐlammatory, and 
cytotoxic activity [75,76]. The cytotoxicity of Harungana 
madagascariensis may be connected to the presence of L-α-
Terpineol observed in the GC-MS analysis of its extract. 
The documented anticancer activity of L-α-Terpineol [83] 
could also be suggestive of the toxic effects observed in the 
research. The LC50 values for all the plants assayed in the 
BSLT showed signiϐicant differences. In this test Harungana 
madagascariensis, Pterocarpus osun, Phoenix dactylifera, 
Annona muricata and Rutidea parvi lora had LC50 values of 
235.9, 250.0, 660.7, 660.7 and 750.0 μg/ml respectively. The 
difference between the LC50 of Harungana madagascariensis 
and Pterocarpus osun was not signiϐicant, while the difference 
between both plants and the other three plants was signiϐicant 
at P <0.001. Similarly, the inhibitory effect on the dividing 
plant cells was evaluated on the Allium cepa test. The EC50 of 
the ϐive plant extracts was obtained. The values were 316.2, 
398.1, 630.9, 645.6 and 794.3 respectively for Harungana 
madagascariensis, Pterocarpus osun, Phoenix dactylifera, 
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Annona muricata and Rutidea parvi lora. Again, a statistically 
signiϐicant difference was achieved at P < 0.001 for Harungana 
madagascariensis and Pterocarpus osun in comparison 
with Phoenix dactylifera, Annona muricata, and Rutidea 
parvi lora. The Mitotic index obtained was also in consonance 
with the trend observed in both the BSLT and Allium cepa 
assays respectively. The order of the cytotoxicity of the ϐive 
plants showed that cytotoxicity decreased from Harungana 
madagascariensis> Pterocarpus osun> Phoenix dactylifera> 
Annoma murocata > Rutidea parvi lora on the Brine shrimp 
lethality test and Allium cepa cytotoxicity assay.

Conclusion
This study evaluated the toxicity of ϐive medicinal plants; 

Harungana madagascariensis, Phoenix dactylifera, Pterocarpus 
osun, Annoma murocata, and Rutidea parvi lora on the Brine 
shrimp lethality test and Allium cepa cytotoxicity assay. Both 
tests established that H. madagascariensis was the most toxic 
of the plants followed by P. osun, P. dactylifera, A. muricata, 
and lastly R. parvi lora. 

The phytochemical screening shows that the plants contain 
alkaloids, anthraquinone, ϐlavonoids, tannins, saponins, 
triterpenoids/steroids, and phlabathanins 

The brine shrimp lethality test and Allium cepa cytotoxicity 
assay showed that the plants’ extracts are moderately toxic 
which fall between 100 to 1000 μg/ml. Thus, these plants 
have a good safety proϐile and thus warrant further studies.

Limitations of the study

This study was carried out on only ϐive medicinal plants 
representing ϐive plant families that have demonstrated 
pharmacological prowess as shown by the numerous ethno-
pharmacological and bioactivities documented on these plant 
families. Also, the cytotoxicity of the selected medicinal plants 
was assessed by only two cytotoxicity assays.

Recommendations

Given the resurgence of alternative medicine on the global 
scene, the cytotoxicity of medicinal plants employed for 
therapeutic purposes must be investigated. It is hoped that 
from this work, further evaluation of the safety of these plants 
such as sub-chronic toxicity investigations be carried out. 
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