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ABSTRACT

Objective: The objective of the study was to evaluate brine shrimp lethality of Blighia sapida stem-bark extract and its fractions and identify the 
bioactive constituents in the ethyl acetate fraction (EAF) using gas chromatography-mass spectrometry (GC-MS) technique.

Methods: The ethanol extract (EE) and its fractions were subjected to lethality assay, and GC-MS analysis of EAF was carried out. 

Results: The lethality test showed a concentration-dependent mortality rate in the brine shrimp nauplii for the EE and its fractions. GC-MS analysis of 
EAF of the extract revealed the existence of 13 peaks of the GC-MS chromatogram with only one prominent compound, n-hexadecanoic acid (peak area 
of 10.13%).

Conclusion: The result revealed the presence of 13 bioactive components in the EAF of the extract, the majority of which have been reported for 
different biological activities, hence, justifies the use of the plant in the treatment and management of different diseases ethnomedicinally.
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INTRODUCTION

The idea that herbal medicines are safe and not toxic has not been 
correct because many plants in their natural states are toxic, and it 
has been documented that some plants used in herbal medicine are 
toxic [1]. Therefore, this has raised serious concern for toxicologists to 
evaluate the safety and potential toxicity of various bioactive compounds 
isolated and purified from plant extracts used in drug formulation and 
development. Today, different reliable, scientific in vitro and in vivo tests 
are available to evaluate the toxicity of herbal compounds used in drug 
development. One of such model is brine shrimps lethality test, which has 
been recognized as a vital technique for assessment of toxicity [2,3]. This 
technique has been employed for bioassay-guide fractionation of active 
cytotoxic and antitumor agents  [4,5]. Blighia sapida belongs to family 
Sapindaceae. The fruits, which are basically yellow, usually split open 
into three cream-colored arils attached to black and shining seeds  [6]. 
Locally, it is called “Isin” in Yoruba, “Gwanja kusa” in Hausa and “Okpu” in 
Igbo [7]. Folklorically, the aqueous extract of the plant had been reported 
as parasites expellant. Different parts of the plant have been used in the 
treatment and management of various diseases [8] including diabetes [9]. 

The present study evaluated the cytotoxicity potential of the plant 
extract using Brine shrimps (Artemia salina) and screened for the 
bioactive compounds in the ethyl acetate fraction (EAF) using gas 
chromatography-mass spectrometry (GC-MS) technique.

METHODS 

Plant sample 
Fresh B. sapida stem-bark was collected during rainy season, from 
Sekona-Ede Road (Latitude: 7o 39 N Longitude 4o 27 E Elevation 291 m), 
Osun State, Nigeria. The plant material was identified and authenticated 
at IFE Herbarium, Department of Botany, Obafemi Awolowo University, 
Ile-Ife, Nigeria. The specimen copy was deposited at the Herbarium and 
specimen voucher number 17623 collected. 

Preparation of ethanol extract (EE) of plant sample
Fresh stem-bark of B. sapida was cut into tiny pieces after removing the 
dead cells, shade dried, and ground into powder by electrical grinding 
Machine at the Drug Research and Production Unit, Faculty of Pharmacy, 
Obafemi Awolowo University, Ile-Ife. The powdered material (1 kg) 
was macerated in 70% (v/v) for 72 h and separated to obtain filtrates, 
according to Handa et al. [10]. The filtrates were sieved by means of 
white cotton gauze, followed using filter paper (Whatman No. 1) and 
concentrated with rotary evaporator (Edman High Vacuum Pump) at 
40°C to yield a residue termed EE. The resulting extract was weighed, 
labeled and stored in the desiccator until needed for further analysis. 

Fractionation of EE
The EE was partitioned using solvents of varying polarities as reported 
by Adekola et al. [11]. Typically, extract (30 g) was suspended in distilled 
water (200 ml) allowed until totally dissolved, shaken thoroughly and 
followed by filtration with filter paper (Whatman No. 1). The filtrate 
was partitioned sequentially with 400 ml each of ethyl acetate and 
butanol. The mixture was thoroughly shaken, allowed to separate 
into layers and separated. The fractions of the different solvents were 
separately concentrated in a rotary evaporator (Edman High Vacuum 
Pump), while the volume of the aqueous fraction (AQF) was only 
reduced before finally lyophilized. The fractions were weighed, labeled, 
and kept in desiccators until required for further analysis. A total of 
three fractions, namely, EAF, butanol fraction, and AQF were obtained. 

Phytochemical screening
The EE of B. sapida along with fractions were screened for phytochemical 
constituents according to the methods described by Trease et al., 
Edeoga et al., Sofowora, and Prashant et al. [12-15].

Brine shrimps lethality test
The assay method for brine shrimps lethality test was carried out according 
to Solis et al. [16] as reported by Potduang et al. [17]. The hatching of brine 
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shrimps (A. salina) was carried out in sterile sea water formulated from 
commercial sea salt (Aqua Marine, Thailand) 40g/l supplemented with 
6 mg/l dried yeast. Twenty nauplii were counted under a hand magnifying 
lens and placed in each vial containing 4.5 ml of brine solution. In each 
experiment, different volume of extract/fractions was added to 4.5 ml of 
brine solution to give different concentrations (0.00, 20, 40, 60, 80, and 
100 µg/ml) and maintained at room temperature for 24 h under light. All 
the surviving larvae were counted. The experiment was conducted along 
with control (vehicle treated), of the test substances (in triplicates) per 
dose with thymol served as the standard reference. The LC50 of the extract 
and fractions was calculated using Probit analysis [18].

GC-MS
A Hewlett Packard Agilent GC coupled with Hewlett Packard mass 
spectrophotometer was used to analyze the EAF of B. sapida with a view 
to identifying its bioactive principles. Interpretation of mass spectra from 
the GC–MS analysis was conducted using standard database (NIST 11) and 
literature. Precisely, GC coupled with mass spectrophotometer (GC–MS) 
analysis was carried out on Hewlett Packard Agilent GC (Model 19091J–
413:3516.156884, USA) fitted with flame ionization detector and Hewlett 
Packard mass spectrophotometer (5975C series injector). The injector, 
transfer line and ion source temperature were maintained between 300°C 
and 150°C. The GC separation was performed with a capillary column– 
Agilent J HP–5MS (length; 30 m×250µm; film thickness 0.25µm) treated 
with 5% phenyl methyl silox. The carrier gas was helium (99.999% purity) 
operated at a constant flow rate of 1.504 ml/min. Sample was dissolved in 
acetone at split less injection (split ratio of 30:1; split flow of 45.12 ml/
min) of aliquot sample of EAF (1 μl), the primary GC oven pressure was 
maintained at 11.604 psi and the temperature kept constant at 35°C for 
5 min before being raised by 4°C /min to 150°C for 2 min. Temperature 
of the secondary oven was also held isothermally at 35°C for 5 min 
then raised by 20°C/min to 260°C for 5 min. The slow fan was disabled 
throughout the period of analysis. The total run time was 46 min at a flow 
rate of 1.5 mL/min. The detector of the MS was operated in scan mode 
between 50 and 750 amu and the ion source run at 70 eV. A scan interval 
of 5 min and fragment from 50 to 600 Da was maintained. The test was 
run in triplicate. The relative percentage amount of each component was 
calculated by comparing its average peak area to the total areas. The mass 
spectrum solution software provided by Agilent was used to control the 
system and acquire the mass spectra. The compounds were identified by 
comparing the mass spectra (peak) obtained with those of the standard 
mass spectra obtained from the National Institute of Standards and 
Technology (NIST) 11 (NIST) library or database. 

Data analysis
The data obtained were analyzed using one-way analysis of variance 
(ANOVA) followed by Tukey–Kramer multiple comparisons test using 
the software GraphPad Prism (version 3). The means were compared 
by significance difference at p˂0.05. Values were expressed as mean ± 
standard error of mean (SEM).

RESULTS AND DISCUSSION

In this study, B. sapida stem bark was screened for phytoconstituents, 
cytotoxicity was investigated with brine shrimp lethality assay using A. 
salina and active compounds from EAF identified using GC-MS.

Phytochemicals 
Phytochemical tests revealed the presence of major classes of 
secondary metabolites in the EE and fractions of B. sapida, as 

shown in Table  1. In general, plants serve as origins of various 
phytochemicals, which are responsible for their diverse biological 
and pharmacological activities. These phytochemicals, commonly 
known as secondary metabolites, have been reported in the 
treatment of different disorders such as cancer, cardiovascular, and 
neurodegenerative diseases [19]. The phytochemical tests revealed 
the presence of alkaloids, phenolic, cardiac glycoside, tannins, 
flavonoids, and terpenoids in the EE, ethyl acetate, butanol, and AQF 
of B. sapida. The study by Emmanuel et al. [20] reported the presence 
of phytochemicals such as phenols, alkaloids, tannins, saponins, 
flavonoids phlobatannins, cardiac glycosides, anthraquinones, 
terpenoids, and reducing sugar in the seed and seed oil of B. sapida. 
Furthermore, Veronica et al. [21] observed the phytochemicals 
such as saponins, glycosides, and tannins and phenolic contents in 
the aril part of B. sapida. These secondary metabolites have been 
recognized to be responsible for various biological activities such 
as anti-diarrheal activity [22], hypoglycemic effect [23], antioxidant 
benefits [21,24], and inhibition of lipid peroxidation in diabetes [24] 
exhibited by the plant. These secondary metabolites have been 
reported for the antioxidant property displayed by medicinal plants 
such as Terminalia bellirica Roxb [25].

Brine shrimp lethality
Brine shrimp lethality activities of the extract and its fractions were 
expressed in LC50 (µg/ml) with AQF having the least value (17.73 µg/ml), 
followed by EAF (50.90 µg/ml), as shown in Table  2. Brine shrimp 
lethality test is a simple bioassay for testing plant extracts bioactivity 
which commonly correlates with activities against rapidly dividing cells 
such malarial parasites and tumor. The aqueous and EAF s of B. sapida 
revealed potency against brine shrimp larvae which was evidenced by 
their LC50 values with aqueous showing the least value, corresponding 
to highest potency. This could be related to its traditional uses in the 
treatment and management of different ailments including malaria. 
Sonibare et al. [26] evaluated brine shrimp lethality/cytotoxicity of 
B. sapida leaves extract and observed LC50 of 114.9 µg/ml compared 
to 63.57 µg/ml obtained in the stem bark extract of the same plant in 
this study. Furthermore, Olufade et al. [27] reported weak lethality in 
shoot extract of B. sapida. All these findings support the result of this 
study by establishing the fact that different parts of B. sapida possess 
certain degree of lethality/cytotoxicity. The result corroborates the 
work of Barakaeli and Mhuji [28] on another plant, in which Mentha 
piperita ethyl acetate leaf and M. piperita methanol leaf showed potency 
against brine shrimp larvae. In support of variously reported cytotoxic 
activities of different medicinal plants [29], cytotoxicity/ lethality of EE 
of B. sapida stem bark showed the presence of distinct phytochemicals 
which could be responsible for numbers of pharmacological and 
biological properties. 

Bioactive compounds present in EAF 
GC interfaced with MS (GC-MS) is an established technique for reliable 
identification of volatile bioactive principles in plants [30], used in the 
detection of drugs or poisons in the biological specimens of suspects, 
victims, or deceased [31,32]. The bioactive constituents in triphala 
have been studied by Apata et al. [33] using GC-MS. The EAF of B. sapida 
showed 13 peaks in the GC-MS chromatogram (Table  3) which were 
identified according to their retention time. These compounds contain 
hydrocarbons of both straight chain and aromatics of different nature 
such as organoSilicone, phenol, conjugated phenol, palmitic acid, ester, 
and fatty acid. Hexadecanoic acid was identified as most prominent 
compound with peak area (10.13%). The phytoconstituents with large 

Table 1: Phytochemical constituents of Blighia sapida stem-bark

Constituents Alkaloid Phenolics Cardiac glycoside Tannins Flavonoids Terpenoids
Ethanol extract  +  +  +  +  +  +
EAF  −  +  +  +  −  +
n-BF  +  +  −  −  +  −
AqF  +  +  −  −  +  +
+: Present, −: Absent, EAF: Ethyl acetate fraction, n-BF: Butanol fraction, AqF: Aqueous fraction
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peak areas have been reported to be responsible for the majority of 
activities possess by medicinal plants [34]. The reported biological 
activities of the bioactive compounds identified in the EAF of the plant 
extract are presented in Table 4. 

Volatile compounds, 13 belonging to hydrocarbons of both straight 
chain and aromatic with different natures, were identified from EAF of 
the extract through GC-MS analysis. Interpretation of each of the mass 
spectra from GC-MS analysis was conducted using standard database. 
These compounds have been identified from many other medicinal 
plants and reported to serve as both plant defense and pharmacological 
[35]. The fragmentation patterns of the mass spectra were compared 
with standard compounds in the NIST. A total number of 13 active 
compounds were identified from EAF of B. sapida based on retention 
time, peak area, names, and structural formula. The highest peak 
represents the most prominent compounds with a peak area of 10.13% 
while the lowest peak represents the least prominent compounds with 
a peak area of 0.40%. The group of compounds detected were; p-xylene, 
o-xylene, Octamethyl-cyclotetrasiloxane, 2-methoxy phenol, Mequinol, 
Decamethyl- cyclopentasiloxane, indole, m-Aminophenylacetylene, 

Table 2: Brine shrimp bioassay results of ethanol extract and 
fractions of Blighia sapida

Sample LC50 (µg/ml)
Ethanol extract 63.57±0.63
Ethyl acetate 50.90±0.33
Butanol 72.86±0.58
Aqueous 17.73±0.83
Thymol 62.09±0.17
Each value represented the mean±S.E.M, (n=3) 

Table 3: List of bioactive compounds identified by the GC-MS analysis of the ethyl acetate fraction of Blighia sapida

S/No Retention 
time 

Peak 
area 
(%) 

NIST 
matching 
(%)

Name of compound Molecular 
formula 

Molecular 
weight 

Structural 
formula

1. 5.480 3.10 97

95

p-xylene

o-xylene

C8H10

C8H10

106.1650

106.16
2. 11.190 5.13 91 Octamethyl-

cyclotetrasiloxane
C8H24O4Si4 296.61

3. 14.364 3.84 95

91

2-methoxy phenol

Mequinol

CH3OC6H4OH

C7H8O2

124.14

124.14

4. 17.184 0.65 91 Decamethyl- 
cyclopentasiloxane

C10H30O5Si5 370.77

5. 21.834 0.47 94

91

Indole

m-Aminophenylacetylene 

C8H7N

C8H7N

117.15

117.15
6. 22.423 2.86 90 2-Methoxyl-4-vinylphenol C9H10O2 150.17

7. 28.881 0.44 93 2, 4-bis (1,1-dimethylethyl) 
phenol

C14H22O 206.32

8. 38.825 10.13 99 n-Hexadecanoic acid C16H32O2 256.42

9. 40.035 2.02 99 Octadecanoic acid

Pentadecanoic acid

C18H36O2

C15H30O2

284.48

242.40
NIST: National Institute of Standards and Technology, GC‑MS: Gas chromatography‑mass spectrometry
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2-Methoxyl-4-vinylphenol, 2, 4-bis (1, 1-dimethylethyl) phenol, 
n-Hexadecanoic acid, Octadecanoic acid, and Pentadecanoic acid one 
of which is prominent compound. Different biological activities have 
been reported for many of these identified active compounds ranging 
from estrogenic, anti-inflammatory, antioxidant, antibacterial, analgesic, 
antihistaminic, antimicrobial, hypocholesterolemic, nematicide, pesticide, 
cytotoxic, insecticidal, antitumor, anticancer, and antifungal activities [36-
38]. The prominent phytoconstituent in B. sapida EAF is n-hexadecanoic 
acid with peak area of 10.1% as identified in this study, has been reported 
for various activities such an insecticide, a surfactant and saturated fatty 
acid, it is hypocholesterolemic and antioxidant [39]. Emmanuel et al. [20] 
reported the presence of n-hexadecanoic acid among other fatty acids in 
the seed oil of B. sapida using GC-MS and concluded that the seeds may 
serve as a source of therapeutic agents and industrial oil. Furthermore, 
Hesham et al. [40] have proved that n-hexadecanoic acid in hydro extract 
of Vitex negundo Linn possessed better antioxidant property.

CONCLUSION 

The EE and the fractions of B. sapida stem-bark exhibited lethality 
against brine shrimp as such, it can be concluded that the extract and its 
fractions contained active constituents supporting its medicinal values. 
The study revealed 13 active constituents, of which one is prominent in 
EAF of the extract by GC-MS analysis and phytochemical screening also 
detected various secondary metabolites. The identified compounds 
with various biological activities indicate the medicinal value and wide 
ethno-medicinal use of the plant. Hence, extract of B. Sapida stem-bark 
could be suggested for use in the synthesis of drugs with potential new 
mechanism of action to combat the menace of drug resistance. 
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