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In vitro antioxidant activity and gas chromatography-
mass spectrometry analysis of solvent extracts of Kigelia 
africana stem bark
Craig A. Obafemi1*, Olatomide A. Fadare1, Olaoye Balogun1, Efere M. Obuotor2, Rachael Y. Fadare1, 
Oluseyi D. Ojo1

INTRODUCTION
From time immemorial, the control and treatment 
of diseases have been through the use of natural 
substances, in particular, plants. Hence, it is not 
surprising that the practice of traditional medicine in 
developing countries involves the use of a wide variety 
of natural products to treat common infections and to 
maintain good health.[1,2] In fact, it has been reported 
as far back as 20  years ago that more than 35,000 
plant species are being used in various human cultures 
around the world for medical purposes.[3] Currently, 
natural products from plants referred to as secondary 
metabolites, and many of their derivatives with varied 
chemical structures account for a high percentage of all 

the drugs in clinical use globally. A typical example of 
drugs based on traditional medicine leads is paclitaxel 
(1) (brand name Taxol) which was extracted from 
the Pacific yew tree Taxus brevifolia with anticancer 
activity.[4,5]

Superoxide anion, hydrogen peroxide, and hydroxyl 
radicals are examples of free radicals and reactive 
oxygen species (ROS) which can induce the oxidative 
damage of cell membranes, DNA, and proteins, 
thus they have been implicated in over 50 diseases 
including degenerative processes related to aging, 
cancer, and atherosclerosis.[6,7] The use of antioxidants 
to block free radicals and ROS could be beneficial in 
the prevention of free radical-related diseases.[8]

Kigelia africana (Lam.) Benth – Bignoniaceae 
(commonly known as sausage tree, African sausage 
tree, cucumber tree, and pandoro [Western Nigeria]) 
is widely grown in tropical Africa and found in South 
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Africa. It is widely used in Africa in the treatment 
of many conditions and complaints. All parts of the 
plant (fruits, leaves, roots bark, stem bark, roots, and 
wood) have been used in traditional healing systems. 
As examples, the fruits (ripe and/or unripe/green) 
are used in the treatment of abscesses, constipation, 
dysentery, gynecological disorders, hemorrhoids, 
post-partum hemorrhage (loss of blood estimated to 
be >500 ml within 24 h following childbirth from the 
genital tract), lumbago, rheumatism, syphilis, ulcers, 
and wound.[9-13] A decoction of the fruit is also used 
for inducing secretion of breast milk.[14] The leaves 
and the twigs have been used for treating dysentery, 
epilepsy, headache, infertility, kidney disorder, 
malaria, rheumatism, snake bite, stomach disorder, 
and wounds.[12,15]

The stem bark and roots (pounded or an infusion) are 
used for relieving asthma and for treating dysentery, 
pneumonia, stomach problems in children, chronic 
wounds, and sores and venereal diseases.[9,11,13,15]

The main bioactive secondary metabolites isolated 
from the K. africana plant include 4-hydroxycinnamic 
acid (coumaric acid) derivatives and iridoids (such 
as coumaric acid itself, caffeic acid, catapol, and 
verminoside), naphthaquinone derivatives (such 
as lapachol, kigelinone, pinnatal and its isomer 
isopinnatal, kigelinol and its isomer.), isocoumarins 
(such as kigellin), sterols (such as stigmasterol and 
beta-sitosterol), flavonoids (such as quercetin and 
luteolin), lignans (such as kigeliol), phenylpropanoids, 
and furanone derivatives.[16]

Scientific studies to verify the ethnomedicinal 
properties of the plant have been carried out. Solvent 
extracts of different parts of the plant have been shown 
to possess anticancer, anti-inflammatory, antimalarial, 
antimicrobial, antioxidant, and central nervous system 
stimulant activities.[16,17]

There are reports in the literature on the antioxidant 
studies of methanol stem bark extract of K. africana. 
For example, the methanol extract exhibited 
1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical 
scavenging activity with reported concentration at 
50% inhibition (IC50) values of 13.7 µg/ml[18] and 
175 μg/ml[19] and scavenged hydroxyl radical (OH•) 
production in a dose-dependent manner with an IC50 
for H2O2 of 30 μg/ml.[19]

To the best of our knowledge, no study concerning 
the non-polar extracts of the stem bark of K. africana 
has been reported. Knowledge of the chemical 
constituents of plants extracts is a useful route to the 
discovery of new sources of therapeutic agents. Gas 
chromatography-mass spectrometry (GC-MS) is a 
method that provides a detailed chromatographic 

profile of mixtures, giving information on the relative 
or absolute amounts of the components.

Hence, in this study, we assessed the antioxidant 
activity and GC-MS analysis of the non-polar 
n-hexane and chloroform extracts of K. africana stem 
bark.

MATERIAL AND METHODS
Collection of Plant Material
The stem bark of K. africana was purchased from 
local market of Ilawe-Ekiti, Ekiti State, Nigeria.

Plant Extracts Preparation
The dried stem bark was pounded to small pieces 
and then ground to fine powder using a pulverizer 
(490  g). The pulverized sample was extracted with 
80% methanol (5 L) at room temperature for 3 days. 
The aqueous methanol extract was then filtered to 
give a reddish-brown clear filtrate, and the filtrate 
was concentrated under reduced pressure to remove 
methanol. The extract was suspended in water and 
partitioned with n-hexane, chloroform, and ethyl 
acetate successively. All the extracts and aqueous 
layer were separately evaporated to dryness under 
reduced pressure and transferred to microtubes and 
stored in a refrigerator at 4°C until required.

DPPH Radical Scavenging Activity
The antioxidant activity of the plant extracts was 
assessed on the basis of the ability to reduce the 
stable DPPH free radical.[20] A serial dilution of 
the hexane, chloroform, ethyl acetate, and aqueous 
extracts was carried out to achieve 25.00, 12.50, 
6.25, 3.125, and 1.563  µg/ml concentrations. A 
100 µL aliquot of a methanol solution of 0.16 mM 
DPPH was added to 200 µL of various concentrations 
of each extract. A  control solution was prepared 
in the absence of plant sample. Absorbance 
was measured using a spectrophotometer at a 
wavelength of 515  nm. All measurements were 
made in triplicate and averaged. The ability of the 
extracts to scavenge DPPH radical was calculated 
using the following equation:
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( )DPPH radical scavenging activity % =

Absorbance DPPH + sample1- × 100
Absorbance DPPH

 
  

2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic 
acid) Radical Cation (ABTS+) Radical Scavenging 
Activity
The ABTS•+ decolorization assay procedure, 
developed by Re et al.,[21] was used to determine 
the free radical scavenging activity of the plant 
extracts. The ability of antioxidants to quench 
the long-lived ABTS radical cation, an intensely-
colored chromophore with characteristic absorption 
at 734 nm, in comparison to that of α-tocopherol, is 
the basis of this method. The reaction of ABTS stock 
solution (7 mM) with potassium persulfate (7 mM) 
in a ratio 2:1 was used to produce the ABTS radical 
cation (ABTS•+), and the reaction mixture was 
allowed to stand in the dark at room temperature for 
16 h before use. Before use, the stock solution was 
diluted with 70% ethanol to an absorbance of 0.75 ± 
0.05, to give ABTS working solution. 1 ml of ABTS 
working solution was mixed with 1  ml of different 
concentrations of the extracts and the absorbance was 
measured after 20 min at 734 nm. Trolox was used as 
a standard.

Nitric Oxide (NO) Radical Inhibition Activity
The method of Green et al.[22] as described by 
Marcocci et al.[23] was used to determine the inhibition 
of NO radical activity of the extracts. NO, generated 
from sodium nitroprusside in aqueous solution at 
physiological pH, interacts with oxygen to produce 
nitrite ions which was measured by Griess reaction:
	 A mixture containing 0.1  ml of different 

concentrations of the extracts and 0.9 ml of sodium 
nitroprusside (2.5 mM) in phosphate buffer saline 
was incubated under illumination for 150 min. 
After incubation, 0.5 ml of 1% sulfanilamide in 5% 
phosphoric acid was added and +incubated in the 
dark for 10 min, followed by addition of 0.5 ml of 
0.1% N-1-napthylethylenediamine dihydrochloride. 
The absorbance of the chromophore formed was 
measured at 546 nm. The percentage inhibition of 
NO radical formation was calculated and the IC50 
was determined. Ascorbic acid was used as positive 
control in the experiment.

GC-MS Analysis
The GC-MS analysis of the extracted oils was 
performed using Agilent GC/MS (5915/1890N) 
with an HP-5ms fused silica capillary with a (5% 
phenyl)-poly-methylsiloxane) stationary phase, 
film thickness of 0.25 μm, a length of 30 m, and an 
internal diameter of 0.25 mm. The GC oven initial 
temperature was 50°C and gradually increased to 

100°C at a rate of 5°C/min and finally to 280°C 
at the rate of 10°C/min. Helium gas at flow rate of 
1 ml/min was used as carrier gas and the sample was 
injected in split mode (50.2:1). The GC was coupled 
to Mass Selective Detector Transfer Line Heater 
maintained at 270°C. The extracts were diluted 
with appropriate solvent (1/100, v/v) and filtered. 
The particle-free diluted extracts (1 μL) were taken 
in a syringe and injected into injector with a split 
ratio 30:1. Identification of compounds was based 
on comparisons of the relative retention time and 
mass spectra with those of the Wiley Registry of 
Mass Spectral Data (John Wiley & Sons, Inc./
Hoboken, NJ, USA) and NIST/EPA/NIH Mass 
Spectral Library (National Institute of Standards 
and Technology/Gaithersburg, MD, USA) of the 
GC-MS. The percentage composition was computed 
from the peak areas of the GC spectra.

RESULTS
Determination of Antioxidant Activity of the Plant 
Extracts
Antioxidant property of diverse medicinal plants 
is related to their therapeutic usefulness. It is 
often necessary to investigate the major chemical 
constituents that are involved in biological activities 
to evaluate the antioxidant activity of natural products.

Antioxidant activity of the solvent fractionated extracts 
of K. africana stem bark of varying concentrations, 
ranging from 1.563 to 25.00 μg/ml, was evaluated 
in different in vitro models, namely, DPPH, NO, and 
ABTS. In general, the hexane extract did not display 
appreciable radical scavenging potentials in the three 
models at the concentration range evaluated. However, 
it was observed that the chloroform, ethyl acetate, and 
aqueous extracts scavenged radicals in concentration 
dependent manner in all the models (Figures 1-3). The 
scavenging effect of the extracts were expressed as 
% inhibition and they were compared with standard 
antioxidants, ascorbic acid, gallic acid, and trolox for 
the DPPH, NO, and ABTS assays, respectively.

Figure 1: Antioxidant assay of Kigelia africana stem bark 
extracts using 1,1-diphenyl-2-picrylhydrazyl assay
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DPPH Free Radical Scavenging Activity
Figure 1 shows the DPPH radical scavenging activities 
of the polar and non-polar solvent extracts of K. africana 
stem bark. Ascorbic acid, at a concentration of 1.56 
μg/ml, exhibited a percentage inhibition of 8.13% and 
at 25.0 μg/ml, a 91.64% inhibition. The percentage 
inhibition value of the extracts was found to be in 
the order of ethyl acetate > ascorbic acid > aqueous 
>chloroform extract. However, the percentage of 
inhibition produced by ascorbic acid at a concentration 
of 25 μg/ml was greater than the scavenging activity 
of the three extracts at the same concentration. The 
IC50 values (in μg/ml) of the extracts and the standard 
was found in the order of ethyl acetate (1.4) < ascorbic 
acid (11.78) < aqueous (17.84) < chloroform (56.41) 
extract.

NO Radical Inhibition Activity
The results of the NO scavenging activity of K. africana 
extracts as percentage inhibition are summarized in 
Figure 2. In this test, the extracts and standard effectively 
reduced the generated NO radicals at 25.0 μg/ml 
(chloroform [47.87%], aqueous [63.31%], ethyl acetate 
[72.36%], and gallic acid [72.72%]). At concentrations 

below 25.0 μg/ml, the chloroform and the aqueous 
fractions exhibited relatively much weaker scavenging 
activity. In general, they exhibited strong NO radical 
scavenging capacity with IC50 values of 2.5, 6.88, 
21.03, and 25.88 μg/ml for ethyl acetate, gallic acid, 
aqueous and chloroform extract, respectively.

ABTS Radical Cation Scavenging Activity
In the ABTS scavenging assay, the extracts also showed 
a dose-dependent effect, and the results were compared 
with the standard antioxidant, trolox (Figure  3). 
The ethyl acetate extract showed a high scavenging 
activity of 71.05% at 25.0 μg/ml, whereas the standard 
trolox showed 80.63% scavenging activity. However, 
the aqueous and chloroform extracts showed less than 
average scavenging activity with values of 45.37% 
and 46.28%, respectively. Ethyl acetate, chloroform, 
and aqueous fractions showed IC50 values of 10.55, 
25.79, 26.68 μg/ml, respectively, as compared to that 
of trolox 11.96 μg/ml.

Chemical Composition of Non-polar Extracts by 
GC-MS Analysis
The GC-MS analysis was carried out for the 
hexane and chloroform fractions and the GC-MS 
chromatograms are as shown in Figure 4 for hexane 
and in Figure 5 for the chloroform extracts, whereas 
Tables  1 and 2 show the number and nature of 
phytochemical constituents found in the hexane 
and chloroform extract fractions, respectively. The 
GC-MS analysis of the hexane extract revealed the 
presence of 24 compounds (Table  1). However, a 
total of 21 components of the extract were identified, 
accounting for 87.5% of the total extract. These 
compounds are comprised mainly of hydrocarbons, 
alcohols, ketones, fatty acid, and ester. Alpha-terpineol 
(2) was identified as a major chemical constituent 
(39.21%) followed by 7-octylidenebicyclo (4.1.0) 
heptane (3) (8.05%), limonene-1,2-diol (4) (6.82%), 
kaur-15-ene (5) (4.54%), exo-2-hydroxycineole 
(6) (4.23%), (D)-verbenone (7) (4.16%), and so on. 
Monoterpenoids represented the major composition, 
corresponding to 69.81% of the extract, whereas 
hydrocarbons accounted for 14.32% composition, 
only one diterpenoid (4.54% composition), one fatty 
acid and an ester of a fatty acid (3.65% composition) 
and an alkaloid, a benzo[a][4,7]phenanthrolin-9-one 
derivative (8), (1.71%).

The chloroform extract revealed the presence of 16 
chemical compounds by GC-MS analysis (Table 2), out 
of which 12 components were identified, accounting 
for 75.0% of the total extract. The principal compounds 
in the chloroform extract were α-amyrin (9) (32.54%), 
1,6-diphenylbicyclo[3.1.0]hexane (10) (24.64%), 
1-methyl-3-(4-methoxyphenylamino)pyrrolidine-2,5-
dione (11) (16.96%), β-amyrin (12) (10.22%), and 
limonene-1,2-diol (4) (3.87%).

Figure 3: Antioxidant assay of Kigelia africana stem bark 
extracts using 2,2’-azino-bis(3-ethylbenzothiazoline-6-
sulphonic acid) radical cation assay

Figure 2: Antioxidant assay of Kigelia africana stem bark 
extracts using nitric oxide assay
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DISCUSSION
Plants are nature’s main storehouse of raw materials 
for the manufacture of traditional and modern 
medicine, and in particular play a significant role 
in providing primary health-care services to rural 
inhabitants. In fact, the World Health Organization has 
recommended more effective use of medicinal plants 
in health-care system.[24] Plants contain numerous 
chemical constituents, many of which are known to 
be bioactive and are responsible for exhibiting diverse 
pharmacological activities.[25] It is therefore desirable 
to have knowledge of the chemical constituents of 
plants to discover new therapeutic agents and lead 
compounds that may lead to the synthesis of more 
potent analogs of great economic value.

Complex mixture of compounds constitute the 
non-polar extracts of medicinal plant species, 
including essential oils, monoterpenes, diterpenes, 
sesquiterpenes, triterpenes, long-chain aliphatics, 
alicyclics, and their oxygenated derivatives (alcohols, 

aldehydes, esters, ethers, ketones andoxides) 
and in some cases, alkaloids and phenols. These 
phytoconstituents may be present in different plant 
parts such as the bark, flowers, leaves, roots, seeds, and 
wood[26] and are believed to play an important role in 
plant defense system.[27] In the present study, we have 
examined the in vitro antioxidant activity, and GC-MS 
analysis of the non-polar (n-hexane and chloroform) 
partition fractions obtained from methanol extract of 
K. africana stem bark. The biological activity exhibited 
by non-polar extracts (such as n-hexane) has often 
been attributed to the presence of complex mixtures 
of triterpenoid and/or steroid compounds.[28] The 
absence of exhibition of antioxidant activity from the 
hexane fraction, in the concentration range examined, 
may be due to the absence of phenolic, steroidal, and 
triterpenoid compounds in the fractionated extract. 
This is supported from the results of the GC-MS 
analysis of the hexane fraction. The analysis revealed 
the presence of a number of components with highest 
peak area at 16.48 RT, identified as α-terpineol 
(2-(4-methyl-1-cyclohex-3-enyl)propan-2-ol) (2). 
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Figure 5: Gas chromatography-mass spectrometry chromatogram of the chloroform extract of Kigelia africana 
stem bark

Alpha-terpineol, a volatile monoterpenoid alcohol, 
which is a major component of the essential oil of many 
plants, has been found to show very weak antioxidant 
activity,[29] but exhibited numerous biological 
properties including, antibacterial,[30] antifungal,[31] 
anti-inflammatory (selectively regulating cell function 
during inflammation) activities,[32,33] ability to exhibit 
antiproliferative effects on human erythroleukemic 
cells,[34] and enhance the permeability of skin to 

lipid soluble compounds[35] and inhibitory effects 
on the growth of tumor cells.[36] The next dominant 
phytocompound, 7-octylidenebicyclo [4.1.0] heptane 
(3) (8.05%) is a non-isoprenoid hydrocarbon 
which has not been reported to show any biological 
activity. A  study by Ruberto and Baratta[37] found 
that sesquiterpene- and non-isoprenoid hydrocarbons 
showed a “low, if any, antioxidant effect.” Limonene-
1,2-diol (p-menth-8-ene-1,2-diol) (4) (6.82% 

Figure 4: Gas chromatography-mass spectrometry chromatogram of the n-hexane extract of Kigelia africana stem bark



Craig A. Obafemi et al.

Journal of Pharmacy Research | Vol 11 • Issue 8 • 2017 979

composition), a derivative of bioactive limonene, has 
been reported to exhibit antitumor activity and inhibit 
benzo[α]pyrene-induced carcinogenesis in the mouse 
forestomach[38]

Exo-2-hydroxycineole (exo-2-hydroxy-1,8-cineole, 
4.23% composition) (6) is a 2-hydroxy derivative 
of 1,8-cineole, a compound which Amakura 
et al. reported exhibited a negligible antioxidant 
activity,[39] but Asanova et al. demonstrated that 
1,8-cineole had moderate antioxidant and cytotoxic 
properties and pronounced analgesic and antitumor 
activity.[40] Verbenone (7), an alpha, beta-unsaturated 
ketone monoterpenoid, possessed antibacterial and 
antifungal activities.[41,42]

The tested chloroform fractionated extract, together 
with the ethyl acetate and aqueous fractions, have a 
strong antioxidant activity against various oxidative 

systems in vitro. However, the chloroform fraction 
exhibited the lowest percentage inhibition at 
25 μg/ml in all in vitro assays, except in the ABTS 
assay (Figures  1-3). The ethyl acetate fraction 
exhibited the highest antioxidant activity (lowest 
IC50 values) even exceeding that of the standard 
antioxidants (ascorbic acid, gallic acid, and trolox) 
in the DPPH, NO, and ABTS assays. Antioxidant 
effect of K. africana plant was also studied by other 
researchers. For example, Hussain et al.[28] in a 
comparative analysis of the ethanol extracts of the 
plant parts, found that the bark extract exhibited the 
most remarkable antioxidant as well as antibacterial 
activity as compared to leaves and fruit extracts.[43] 
In another study, the methanol extract of the leaf and 
stem bark exhibited antioxidant activity, scavenging 
DPPH free radical with IC50 values of 56.9, and 
13.7 µg/ml for the leaves and stem bark extracts, 
respectively.[18] Similarly, methanol extract stem bark 

Table 1: Phytocompounds present in the hexane extract of K. africana stem bark as determined by GC‑MS analysis

Compound Retention 
time

Molecular 
formula

% Composition

Monoterpenoids
2,3‑dehydro‑1,8‑cineole 22.02 C10H16O 1.54
Endo borneol 15.58 C10H18O 1.48
Terpinen‑4‑ol 15.96 C10H18O 1.48
p‑cymenol 16.30 C10H14O 1.56
Alpha‑terpineol 16.48 C10H18O 39.21
(‑)‑myrtenol 16.61 C10H16O 1.92
(D)‑verbenone 16.99 C10H14O 4.16
Exo‑2‑hydroxycineole 17.44 C10H18O2 4.23
Cis‑carveol 17.32 C10H16O 2.21
D‑carvone 18.07 C10H14O 1.28
Limonen‑1,2‑diol 20.92 C10H18O2 6.82
s‑(+)‑5‑(1‑hydroxy‑1‑methylethyl)‑2‑methyl‑2‑cylohexen‑1‑one 23.28 C10H16O2 1.58
Myrtenyl acetate 14.89 C12H18O2 2.34

Non‑isoprenoid hydrocarbons
Dispiro [4.2.4.2]tetradecane 53.09 C14H24 1.49
Tetradecane 22.59 C14H30 2.83
7‑octylidenebicyclo [4.1.0]heptane 54.41 C15H26 8.05
Hexadecane 27.72 C16H34 1.95

Fatty acid and derivative
Pentadecanoic acid, 14‑methyl‑, methyl ester 35.01 C17H34O2 1.66
Palmitic acid 35.77 C16H32O2 1.99

Diterpenoid
Kaur‑15‑ene 41.11 C20H32 4.54

Alkaloid
8‑(2‑methyoxy‑pheny)‑8,10,11,12‑tetrahydro‑7H‑benzo [a] [4,7]
phenanthrolin‑9‑one

57.78 C23H20N2O2 1.71

Unidentified compounds
Unidentified 19.29 1.77
Unidentified 19.87 2.14
Unidentified 22.52 1.30
Total 99.24

GC‑MS: Gas chromatography‑mass spectrometry, K. africana: Kigelia africana

Class of compounds % Composition
Monoterpenoid 69.81
Diterpenoid 4.54
Fatty acid and derivative 3.65
Hydrocarbon 14.32
Alkaloid 1.71
Unidentified compounds 5.21
Total 99.24
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of K. africana was shown to possess good antioxidant 
activity by scavenging hydroxylradical OH• 
production and stable free radical (DPPH) in a dose-
dependent manner, with an IC50 values of 30 μg/ml 
(for H2O2 only) and 175 μg/ml, respectively.[19]

Previous GC-MS analysis of the different parts of 
K. africana revealed that methanol extract of the stem 
bark contained eighteen different active compounds, 
which in terms of percentage abundance, 9-octadecenoic 
acid, E-2-octadecadecen-1-ol, 9-octadecenal, Z-10-
pentadecen-1-ol, and E-9-tetradecenoic acid were the 
major constituents, and the crude extract inhibited 
pro-oxidants induced hydroxyl radicals and lipid 
peroxidation in rat’s testes in a dose-dependent 
manner,[19] while 19 bioactive phytochemicals were 
identified in the hexane extract of the root, with 3 major 
components: Elaidic acid (C18H34O2, 56.12%), palmitic 
acid (C16H32O2, 18.02%), and stearic acid C18H36O2, 
12.80%).[44] Furthermore, linoleic acid, linolenic acid, 
palmitic acid, arachidic acid, stearic acid, elaidic acid, 
and oleic acid were the major constituents in both oil and 
wax from the fruits from Cape Town, South Africa,[45] 

whereas the main components of some fractions of the 
hexane extract of the plant leaves from Nigeria were 
4,4-dimethyl undecane, methyl nonadecanoate, emery, 
oleic acid ester (methyl oleate), methyl n-butyrate, and 
2,3-hexanediol (66.9% free fatty ester, 27% alkane 
hydrocarbon, and 6.02% alcohol).[46]

The GC-MS analysis of the chloroform fraction 
detected 16 components and showed that the major 
components were triterpenoids, beta-amyrin and 
alpha-amyrin, (9 and 12) (42.76% composition), non-
isoprenoid hydrocarbon, 1,6-diphenyl-bicyclo[3.1.0]
hexane (10) (24.64% composition), and an alkaloid, a 
3-aminopyrrolidine-2,5-dione derivative (11) (16.96% 
composition). The minor phytoconstituents include 
three triterpenoids-stigmast-4-en-3-one (1.29%), 
lanosterol (0.95%), lucidumol (24,25-dihydroxylanost-
8-ene-3,7-dione, 0.72%)-, limonene-1,2-diol (3.87%), 
palmitic acid and its methyl ester (2.83%) and a 
phenol derivative, coniferol (coniferyl alcohol, 
0.89%), many of which are known to possess several 
pharmacological activities. Hence, the antioxidant 
activity displayed by the non-polar (chloroform) 

Table 2: Phytocompounds present in the chloroform extract of K. africana stem bark as determined by GC‑MS 
analysis

Compound Retention time Molecular 
formular

% Composition

Monoterpenoid
Limonen‑1,2‑diol 20.94 C10H18O2 3.87

Benzene derivative
Coniferol 30.97 C10H12O3 0.89

Fatty acid and derivative
Methyl palmitate 35.01 C17H34O2 1.35
Palmitic acid 35.77 C16H32O2 1.48

Triterpenoids
Stigmast‑4‑en‑3‑one 30.24 C29H48O 1.29
Beta‑amyrin 43.19 C30H50O 10.22
Alpha‑amyrin 45.08 C30H50O 32.54
Lucidumol 52.88 C30H48O4 0.72
Lanosterol 58.99 C30H50O 0.95

Alkaloid
1‑methyl‑3‑(4‑methoxyphenylamino) pyrrolidine‑2,5‑dione 56.14 C12H14N2O3 16.96

Non‑Isoprenoid hydrocarbon
7‑oxabicylo[4.1.0]heptane, 
2,2,6‑trimethyl‑1‑(3‑methyl‑1‑,3‑butadienyl)‑5‑methylene

51.60 C15H22O 0.53

1,6‑diphenyl‑bicyclo[3.1.0]hexane 57.37 C18H18 24.64
Unidentified compounds

Unidentified 53.22 0.54
Unidentified 56.46 0.77
Unidentified 58.42 2.38
Unidentified 59.41 0.85

Total 99.98
GC‑MS: Gas chromatography‑mass spectrometry, K. africana: Kigelia africana

Class of compound % Composition
Monoterpenoid 3.87
Benzene derivative 0.89
Fatty acid and derivative 2.83
Triterpenoids 45.72
Alkaloid 16.96
Non‑isoprenoid hydrocarbon 25.17
Unidentified compounds 4.54
Total 99.98
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fraction (IC50 values: 56.41, 25.88, 25.79 μg/mL in 
the DPPH, NO, and ABTS assays, respectively) may 
be partially ascribed to the presence of phenolic and 
triterpenoid compounds.

Alpha- and beta-amyrins are two promising bioactive 
natural products (pentacyclic triterpenes) that have 
been shown to exhibit various pharmacological 
actitivies such as anti-inflammatory, anti-
hyperglycemic, antioxidant, gastroprotective, 
hepatoprotective, and hypolipidemic effects at non-
toxic concentrations.[47-50] The researchers’ results 
indicated the amyrins have potential for development 
as drug for diabetes and atherosclerosis.[50] However, 
evaluation of α-amyrin for antioxidant activity using 
DPPH and ferric reducing antioxidant power assays 
and its ability to scavenge intracellular ROS induced 
by UVA irradiation revealed that it does not exhibit 
direct antioxidant activity.[51]

Pyrrolidine-2,5-dione derivatives have exhibited 
anticonvulsant,[52,53] potential antitumor[54] activities, 
and have been demonstrated that some can be used 
for the treatment of diseases or disorders mediated 
through α1a and/or α1d adrenergic receptors, benign 
prostatic hyperplasia and related symptoms, and lower 
urinary tract symptoms associated with or without 
benign prostatic hyperplasia.[55]

CONCLUSION
K. africana is a traditional medicinal plant that 
represents a rich source of diversity of bioactive 
compounds. Little work has been carried out on the 
non-polar extracted fractions of the plant, hence 
extensive research is required to explore their 
biological properties and identify potential biological 
compounds of medicinal importance. The results of 
the present study revealed that the non-polar extracted 
fractions of K. africana stem bark may be a potential 
source of natural antioxidants or bioactive agents 
such as alpha- and beta-amyrins, alpha-terpineol, and 
pyrrolidine-2,5-dione derivative.

ACKNOWLEDGMENT
The authors would like to acknowledge the support 
of the Central Science Laboratory, Obafemi Awolowo 
University, Ile-Ife.

REFERENCES
1.	 Rojas G, Lévaro J, Tortoriello J, Navarro V. Antimicrobial 

evaluation of certain plants used in Mexican traditional medicine 
for the treatment of respiratory diseases. J  Ethnopharmacol. 
2001;74(1):97-101.

2.	 Stanley B. Recognition and Respect for African Traditional 
Medicine. International Development Research Centre (IDRC) 
Report; 2004.

3.	 van Seters AP. Forest based medicines in traditional and 

cosmopolitan health care. In: Medicinal Plants for Forest 
Conservation and Health Care. Geneva: World Health 
Organization; 1997. p. 5-11.

4.	 Kingston DG. Taxol and its analogs. In: Cragg GM, 
Kingston  DG, Newman DJ, editors. Anticancer Agents from 
Natural Products. Boca Raton, FL: Taylor and Francis; 2005. 
p. 89-122.

5.	 Kingston DG. Taxol and its analogs. In: Cragg GM, 
Kingston  DG, Newman DJ, editors. Anticancer Agents from 
Natural Products. Vol. 2. Boca Raton, FL: Taylor and Francis; 
2012. p. 123-75.

6.	 Halliwell B. Free radicals, reactive oxygen species and 
human disease: A critical evaluation with special reference to 
atherosclerosis. Br J Exp Pathol. 1989;70(6):737-57.

7.	 Finkel T. Radical medicine: Treating ageing to cure disease. 
Nat Rev Mol Cell Biol. 2005;6(12):971-6.

8.	 Pan MH, Ghai G, Ho CT. Food bioactives, apoptosis, and 
cancer. Mol Nutr Food Res. 2008;52(1):43-52.

9.	 Watt JM, Breyer-Brandwijk MG. The Medicinal and Poisonous 
Plants of Southern and Eastern Africa. 2nd  ed. London, UK: 
Livingstone; 1962.

10.	 Gill LS. Ethnomedical uses of Plants in Nigeria. Benin: Uniben 
Press; 1992. p. 143.

11.	 Hutchings A, Scott AH, Lewis G, Cunningham A. Zulu 
Medicinal Plants: An Inventory. Pietermaritzburg, South 
Africa: University of Natal Press; 1996.

12.	 Jackson SJ, Houghton PJ, Photiou A, Retsas S. The isolation 
of a novel antineoplastic compound from a bioassay guided 
fractionation from stem bark and fruit extracts of Kigelia 
pinnata (Bignoniaceae). Br J Cancer. 1996;73:68.

13.	 van Wyk BE, van Oudtshoom B, Gericke M. Medicinal 
Plants of South Africa. 2nd  ed. Pretoria, South Africa: Briza 
Publications; 2009.

14.	 Gbadamosi IT, Okolosi O. Botanical galactogogues: 
Nutritional values and therapeutic potentials. J Appl Biosci. 
2013;61:4460-9.

15.	 Burkill HM. The Useful Plants of West Tropical Africa. Kew: 
Royal Botanic Gardens; 1985-2004.

16.	 Olatunji AG, Atolani O. Comprehensive scientific 
demystification of Kigelia africana: A review. Afr J Pure Appl 
Chem. 2009;3(9):158-64.

17.	 Arkhipov A, Sirdaarta J, Rayan P, McDonnell PA, Cock IE. 
An examination of theantibacterial, antifungal, anti-giardial 
and anticancer properties of Kigelia africana fruit extracts. 
Pharmacogn Commun. 2014;4(3):62.

18.	 Agyare C, Dwobeng AS, Agyepong N, Boakye YD, 
Mensah KB, Ayande PG, et al. Antimicrobial, antioxidant, 
and wound healing properties of Kigelia africana (Lam.) 
Beneth. And Strophanthus hispidus DC. Adv Pharmacol Sci. 
2013;2013:692613.

19.	 Akintunde JK, Akintunde DG, Irondi EA, Babaita K, 
Labaika R, Sunday O. Antioxidants from stem bark of Kigelia 
africana inhibits free radicals and membrane lipid damage in 
rat testes in vitro. Oxid Antioxid Med Sci. 2016;5(2):63-9.

20.	 Chen CW, Ho CT. Antioxidant properties of polyphenols 
extracted from green and black tea. J Food Lipids. 1995;2:35-46.

21.	 Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-
Evans C. Antioxidant activity applying an improved ABTS 
radical cation decolorization assay. Free Radic Biol Med. 
1999;26(9-10):1231-7.

22.	 Green LC, Wagner DA, Glogowski J, Skipper PL, Wishnok JS, 
Tannenbaum SR. Analysis of nitrate, nitrite, and [15N] nitrate 
in biological fluids. Anal Biochem. 1982;126(1):131-8.

23.	 Marcocci L, Maguire JJ, Droy-Lefaix MT, Packer L. The nitric 
oxide-scavenging properties of Ginkgo biloba extract EGb 761. 
Biochem Biophys Res Commun. 1994;201(2):748-55.

24.	 World Health Organization. WHO Traditional Medicine 
Strategy 2002-2005. Geneva: WHO; 2002.

25.	 Gu R, Wang Y, Long B, Kennelly E, Wu S, Liu B, et al. 
Prospecting for bioactive constituents from traditional 
medicinal plants through ethnobotanical approaches. Biol 
Pharm Bull. 2014;37(6):903-15.



Craig A. Obafemi et al.

Journal of Pharmacy Research | Vol 11 • Issue 8 • 2017982

26.	 Delamare AP, Moschen-Pistorello IT, Artico L, Atti-Serafini L, 
Echeverrigaray S. Antibacterial activity of the essential oils of 
Salvia officinalis L. And Salvia triloba L. Cultivated in South 
Brazil. Food Chem. 2007;100(2):603-8.

27.	 Kokate CK, Purohit AP, Gokhale SB. Pharmacognosy. 42nd ed. 
India: Nirali Prakashan; 2008.

28.	 Regasini LO, Vieira-Junior GM, Fernandes DC, Bolzani VD, 
Cavalheiro AJ, Silva DH. Identification of triterpenes and 
sterols from Pterogyne nitens (Fabacea-Caesalpinioideae) 
using high-resolution gas chromatography. J Chil Chem Soc. 
2009;54(3):218-21.

29.	 Zengin H, Baysal AH. Antibacterial and antioxidant activity of 
essential oil terpenes against pathogenic and spoilage-forming 
bacteria and cell structure-activity relationships evaluated by 
SEM microscopy. Molecules. 2014;19(11):17773-98.

30.	 Kotan R, Kordali S, Cakir A. Screening of antibacterial activities 
of twenty-one oxygenated monoterpenes. Z  Naturforsch C. 
2007;62(7-8):507-13.

31.	 Pitarokili D, Couladis M, Petsikos-Panayotarou N, Tzakou O. 
Composition and antifungal activity on soil-borne pathogens 
of the essential oil of Salvia sclarea from Greece. J Agric Food 
Chem. 2002;50(23):6688-91.

32.	 Held S, Schieberle P, Somoza V. Characterization of alpha-
terpineol as an anti-inflammatory component of orange juice 
by in vitro studies using oral buccal cells. J Agric Food Chem. 
2007;55(1):8040-6.

33.	 Brand C, Ferrante A, Prager RH, Riley TV, Carson CF, 
Finlay-Jones JJ, et al. The water-soluble components of the 
essential oil of Melaleuca alternifolia (tea tree oil) suppress 
the production of superoxide by human monocytes, but not 
neutrophils, activated in vitro. Inflamm Res. 2001;50(4):213-9.

34.	 Lampronti I, Saab AM, Gambari R. Antiproliferative 
activity of essential oils derived from plants belonging to the 
Magnoliophyta division. Int J Oncol. 2006;29(4):989-95.

35.	 Williams AC, Barry BW. Terpenes and the lipid-protein-
partitioning theory of skin penetration enhancement. Pharm 
Res. 1991;8(1):17-24.

36.	 Hassan SB, Gali-Muhtasib H, Göransson H, Larsson R. 
Alpha terpineol: A potential anticancer agent which acts 
through suppressing NF-kappaB signalling. Anticancer Res. 
2010;30(6):1911-9.

37.	 Ruberto G, Baratta MT. Antioxidant activity of selected 
essential oil components in two lipid model systems. Food 
Chem. 2009;69:167-74.

38.	 Zheng GQ, Zhang J, Kenney PM, Lam LK. Stimulation of 
glutathione S-transferase and inhibition of carcinogenesis 
in mice by celery seed oil constituents. ACS Symp Ser. 
1994;546:230-8.

39.	 Amakura Y, Umino Y, Tsuji S, Ito H, Hatano T, Yoshida T, 
et al. Constituents and their anti-oxidative effects in eucalyptus 
leaf extract used as a natural food additive. Food Chem. 
2002;77(1):47-56.

40.	 Asanova ZK, Suleimenov EM, Atazhanova GA, Dembitski AD, 
Pak RN, Dar A, et al. Biological activity of 1,8-cineole from 
levant wormwood. Pharm Chem J. 2003;37(1):28-30.

41.	 Santoyo S, Cavero S, Jaime L, Ibañez E, Señoráns FJ, 
Reglero G. Chemical composition and antimicrobial activity of 

Rosmarinus officinalis L. Essential oil obtained via supercritical 
fluid extraction. J Food Prot. 2005;68(4):790-5.

42.	 Pizzolitto RP, Herrera JM, Zaio YP, Dambolena JS, Zunino MP, 
Gallucci MN, et al. Bioactivities of ketones terpenes: Antifungal 
effect on F. verticillioides and repellents to control insect fungal 
vector, S. zeamais. Microorganisms. 2015;3(4):851-65.

43.	 Hussain T, Fatima I, Rafay MU, Shabir S, Akram MU, Bano S. 
Evaluation of antibacterial and antioxidant activity of leaves, 
fruit and bark of Kigelia africana. Pak J Bot. 2016;48(1):277-83.

44.	 Atolani O, Adeyemi SO, Akpan E, Adeosun CB, Olatunji GA. 
Chemical composition and antioxidant potentials of Kigelia 
pinnata root oil and extracts. EXCLI J. 2011;10:264-73.

45.	 Semwal DK, Semwal RB, Ahmad A, Kamatou GP, Viljoen AM. 
Inhibitory effects of extracts and isolates from Kigelia africana 
fruits against pathogenic bacteria and yeasts. Int J Biol Biomol 
Agric Food Biotechnol Eng. 2014;8:1321-6.

46.	 Atolani O, Oladoye S, Oluyori AP, Olatunji AG. New 
constituents of Kigelia pinnata leaves. Singapore J Sci Res. 
2012;2:47-53.

47.	 Oliveira FA, Chaves MH, Almeida FR, Lima RC Jr, Silva RM, 
Maia JL, et al. Protective effect of alpha-and beta-amyrin, a 
triterpene mixture from Protium heptaphyllum (Aubl.) March. 
Trunk wood resin, against acetaminophen-induced liver injury 
in mice. J Ethnopharmacol. 2005;98(1-2):103-8.

48.	 Holanda Pinto SA, Pinto LM, Cunha GM, Chaves MH, 
Santos FA, Rao VS. Anti-inflammatory effect of alpha, beta-
amyrin, a pentacyclic triterpene from Protium heptaphyllum 
in rat model of acute periodontitis. Inflammopharmacology. 
2008;16(1):48-52.

49.	 Aragão GF, Cunha Pinheiro MC, Nogueira Bandeira P, 
Gomes Lemos TL, de Barros Viana GS. Analgesic and anti-
inflammatory activities of the isomeric mixture of alpha-and 
beta-amyrin from Protium heptaphyllum (Aubl.) March. J Herb 
Pharmacother. 2007;7(2):31-47.

50.	 Santos FA, Frota JT, Arruda BR, de Melo TS, da Silva AA, 
Brito  GA, et al. Antihyperglycemic and hypolipidemic 
effects of a, ß-amyrin, a triterpenoid mixture from Protium 
heptaphyllum in mice. Lipids Health Dis. 2012;11:98.

51.	 Biskup E, Gołębiowski M, Gniadecki R, Stepnowski P, 
Łojkowska E. Triterpenoid Α-amyrin stimulates proliferation 
of human keratinocytes but does not protect them against UVB 
damage. Acta Biochim Pol. 2012;59(2):255-60.

52.	 Obniska J, Jurczyk S, Zejc A, Kaminski K, Tatarczynska  E, 
Stachowicz K. Anticonvulsant properties of N-(4-
methylpiperazin-1-yl)-  and N-[3-(4-methyl-piperazin-1-yl)
propyl] derivatives of 3-aryl-and 3-spirocycloalkyl-pyrrolidine-
2,5-dione. Pharmacol Rep. 2005;57(2):170-5.

53.	 Kaminski K, Obniska J. Synthesis and anticonvulsant properties 
of new 1-(2-pyridinyl)-3-substituted pyrrolidine-2,5-dione 
derivatives. Acta Pol Pharm. 2008;65(4):457-65.

54.	 Ahmed S, Smith JH, Nicolls PJ, Whomsley R, Cariuk P. 
Synthesis and biological evaluation of novel pyrrolidine-2,5-
dione inhibitor potential anti-tumor agents. Drug Des Discov. 
1995;12:275-87.

55.	 Anand N, Salman M, Sharma S, Kapkoti GS, Gupta P, Mishra A, 
et al. 1-Alkylpiperazinyl-Pyrrolidin-2,5-dione Derivatives as 
Adrenergic ReceptorAntagonists. WO 2005037282 A1; 2005.

View publication statsView publication stats

https://www.researchgate.net/publication/320011666

