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ABSTRACT
The present study was designed to evaluate R. heudelotii, S. zenkeri, A
lepidophyllus, I. gabonensis and T. vulgaris, common Cameroonian
spices for radical scavenging activity. This was carried out by
analysing their methanolic extracts against different assays such as
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reducing power potency. It was observed that all the plants studied
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had a dose dependent radical scavenging activity irrespective of the
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method used. I. gabonensis seed extract had the best DPPH radical,
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superoxide radical and nitric oxide scavenging activity. I. gabonensis
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Cameroon.

and T.vulgaris were found to be more potent in reducing power
meanwhile R. heudelotii extract presented the best hydroxyl radical

scavenging activity. The results obtained confirmed that methanolic extracts of R. heudelotii,
S. zenkeri, A lepidophyllus, I. gabonensis and T. vulgaris posses radical scavenging activity
which may be accountable to their antioxidant potentials.
KEYWORDS: R. heudelotii, S. zenkeri, A lepidophyllus, I. gabonensis, T. vulgaris, radical
scavenging activity.
INTRODUCTION
The main free radicals that generate redox processes in biological systems are reactive
oxygen species (ROS) and they are the main contributors to oxidative stress.[1,2] Various
forms of ROS exist with superoxide anion, hydroxyl radicals, hydrogen peroxide and singlet
oxygen as examples.[3] Oxidative stress has been linked to non communicable diseases such
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as atherosclerosis, Parkinson‟s disease, Alzheimer‟s disease, stroke, arthritis, chronic
inflammatory diseases, cancers and other degenerative diseases.[1,2] Hence, a diet rich in
antioxidant is an asset to cells exposed to oxidative stress. Because of their functions as
antioxidant, antimutagenic and antitumor activities, phenolics have received considerable
attention in research, all reporting on the antioxidant potentials of one extract or a mixture of
extracts. [3-8] Increased consumption of fruits and vegetables has been associated with a lower
risk of degenerative diseases such as cancer, cardiovascular disease, cataracts and brain and
immune dysfunction.[9]
The properties of spices and herbs to increase both flavor and taste have made them common
ingredients in every cuisine. Hence, their dietary contribution and functional perspective are
of concern. Cameroon has a rich flora with more than 13, 000 species of plants identified.
The multi-cultural background of Cameroon exposes Cameroonians to a variety of wellspiced diets that hardly go sour even in the absence of a refrigerator because of their
antioxidant properties. Hence, it is important that some of the commonly consumed spices be
screened for ROS scavenging activity.
Irvingia gabonensis commonly known as „African mango‟ or „bush mango‟ is a tree that
grows up to 40 meters in height, with a slightly buttressed bole. It is largely distributed in
Africa.[10,

11]

It is largely used in traditional and modern medicine for the treatment of a

variety of illnesses such as hunchback and infectious diseases while the seed serves as the
main spice in a traditional soup known as ogbono soup. [12, 13] Ricinodendron heudelotii is a
perennial native tree in the tropic and sub-tropic areas, reaching 40 m in height and 1.2 m of
diameter, belonging to the Euphorbiaceae family. [14] The bark extract of Ricinodendron
heudelotii is used for the treatment of cough, intestinal diseases, yellow fever, malaria,
headache, stomach pains and as poison antidote.[15] The fruit of R. heudelotii commonly
known as njangsang serves as spice in many traditional dishes including the ogbono soup in
Africa. Scorodophloeus zenkeri and Afrostyrax lepidophyllus are tropical garlic trees from
different families but with similar garlic flavor. A phytochemical study of the bark of S
zenkeri revealed the presence of sulfur rich compounds and some essential oils with
antimicrobial activity.[16,17] Traditionally, Afrostyrax lepidophyllus bark extract is used as a
remedy for children‟s cough, heart beat rate, worms, constipation, hernia, abscesses, and
boils.[18] Moreover, the root bark decoction is drunk as anthelmintic, against vomiting, or as
enema against urinary infections.[19] Both the seeds and the stem back A. lepidophyllus and S.
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zenkeri are used in the preparation of special meals for those who are believed to have
spiritual attacks in traditional medicine. Thymus vulgaris is an aromatic plant belonging to the
Lamiaceae family, used as medicine and as a spice. Thyme essential oil is exploited in the
perfumery and cosmetic industry based on its characteristic aroma.[20] Thymus vulgaris has
earlier been assessed for FRAP total antioxidant capacity and was found to contain 45.4
mmol/100g in the French Thyme and 95.0 mmol/100g in the English Thyme.[21] In our earlier
studies, we reported the Ferric reducing antioxidant power (FRAP), total phenolic content
and the antioxidative property in LDL/VLDL cholesterol oxidation of Recinodendron
heudelotii, Scorodophloeus zenkeri, Afrostyrax lepidophyllus, Irvingia gabonensis and
Thymus vulgaris.[22, 23]
The present study was designed to test the hypothesis that Recinodendron heudelotii,
Scorodophloeus zenkeri, Afrostyrax lepidophyllus, Irvingia gabonensis and Thymus vulgaris
are potential radical scavengers as a justification of their antioxidant potential in the
prevention of oxidation of LDL/VLDL cholesterol.
MATERIALS AND METHODS
Reagents
Deoxyribose, thiobarbituric acid (TBA), 1,1-diphenyl-2-picrylhydrazyl (DPPH), (TCA),
Folin-Ciocalteu reagent, ferric chloride (FeCl3), potassium ferricyanide, phenazine
methosulphate (PMS), nitro blue tetrazolium (NBT), nicotinamide adenine dinucleotide
phosphate reduced (NADPH), ascorbic acid, sodium nitroprusside, Griess reagent
(sulphanilamide, phosphorus acid, n-(1-naphthyl) ethylenediamine dihydrochloride), ethylene
diamine tetra acetate (EDTA), Trichloroacetic acid (TCA), methanol, H2O2, hydrochloric
acid (HCl), phosphate buffer saline (PBS, pH 7.4), sodium acetate.
Sample preparation
Samples were bought from the local markets in Yaoundé, Cameroon. Each sample was
prepared as earlier described.[24] In brief, the samples were cleaned with tap water and dried.
The edible portions were chopped, weighed and blended in a high speed blender then
lyophilized under liquid nitrogen. A weighed portion of the lyophilized samples were then
stored at -20oC until analyzed.
100 mg of the lyophilysate was accurately weighed into a 10 ml plastic screw-capped tube
and extracted repeatedly with hexane to eliminate lipids. The residue was then collected and
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26]

10 ml of methanol and sample were vortexed for 5

minutes and heated at 90oC for 2 hours with intermittent shaking every 30 minutes. The
samples were then allowed to cool and the volume made up to 10 ml with methanol, then
centrifuged for 10 minutes at 5000 rpm using a bench top centrifuge (Fisher Scientific) to
remove solids. The extracts each done in duplicate, were then stored at -20 0C until analyzed.
Radical scavenging effect of extracts
The free radical scavenging activity of spice extract was assayed by DPPH radical as earlier
described.[27] The percentage (%) radical scavenging effect of extract was calculated as
follows:
% radical scavenging effect = [(Abs1-Abs2)/Abs1] x 100
Where Abs1 is the absorbance of the control, and Abs2 is the absorbance of plant extract.
Scavenging of superoxide radical
The superoxide radical scavenging activity was determined as previously described.[28] The
superoxide radical was generated in a PMS-NADPH system by oxidation of NADPH and
assayed by the reduction of NBT.
Hydroxyl radical scavenging activity
The hydroxyl radical scavenging activity of spice extract was determined as earlier described
with modification.[29] The reaction mixture consisted of FeCl3 (300 μM), EDTA (780 μM), 2deoxiribose (2.8 mM), ascorbic acid (300 μM), H2O2 (4mM) and aliquots of extract in a final
volume of 1 ml. All the reagents were dissolved in potassium phosphate buffer (20 mM, pH
7.4). This was then incubated at 37oC for 1 hour. After incubation, 1 ml of TCA (2.8 %) and
TBA (1 %) were added to the reaction mixture and incubated at 100 oC for 20 minutes, and
the absorbance at 532 nm was read spectrophotometrically.
Scavenging activity against nitric oxide (NO)
Nitric oxide scavenging activity of extract was assayed as described by Sreejayan and Rao.
[30]

This method measured the concentration of nitrite produced by the reaction of nitric oxide

and oxygen.
Reducing power
The reducing power of the extracts was determined according to a previously described
method.[31]
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Statistical analysis
Measurements were carried out in triplicates and the results are presented as mean ± standard
deviation (SD). Kruskal-Wallis One Way Analysis of Variance on Ranks was employed in
groups and dose comparison. Student Newman-Keuls Test was used to determine significant
difference between groups and doses (P<0.001). The SigmaStat (Systat software, Richmond,
CA) version 3.01 was used for these analyses.
RESULTS AND DISCUSSION
The methanolic extracts of R. heudoletii (seeds), S. zenkeri (Seeds and bark), A. lepidophyllus
(seeds), I. gabonensis (seeds) and T. vulgaris (seeds) were evaluated for their radical
scavanging activity of DPPH, superoxide radical, hydroxyl radical, nitric oxide and reducing
activity. Some extracts showed promising dose depending activities in all methods of assay
used.
Table 1: Dose related DPPH free radical scavenging activity (%) of methanolic extracts
of spices.
Species
Parts used
R. heudelotii
Seeds
S. zenkeri
Seeds
S. zenkeri
Bark
A. lepidophyllus Seeds
I. gabonensis
Seeds
T. vulgaris
Seeds
a
significantly different

1mg/ml
11.64±1.22
8.57±1.13
12.30±0.99
16.58±1.23
52.55±2.34
34.13±0.98
from 1mg/ml,

2mg/ml
24.18±0.61a
18.67±1.69a
17.15±0.94a
26.03±0.78a
80.53±1.52a
59.63±1.24a
b
significantly

4mg/ml
8mg/ml
10mg/ml
37.89±0.68b
65.66±1.22c
84.49±1.12d
21.73±1.27b
35.51±0.78c
43.16±1.45d
28.76±1.03b
45.05±1.56c
51.94±1.11d
42.31±0.49b
56.12±0.68c
68.57±1.02d
b
92.31±1.22
92.38±1.68
93.43±0.62
90.41±1.35b
92.51±1.07
92.9±1.35
different from 1mg/ml and 2mg/ml, c

significantly different from 1mg/ml, 2mg/ml and 4mg/ml,

d

significantly different from

1mg/ml, 2mg/ml, 4mg/ml and 8mg/ml.
The concentration dependent DDPH radical scavenging activities (%) of spices are presented
in Table 1. Samples had significant (P<0.001) concentration dependent DPPH radical
scavenging activity. Among extracts at the highest dose of 10mg/ml, I. gabonensis and T.
vugaris had 90% and above radical scavenging activity and were closely followed by R
heudelotii that had 80%. Of the herbs/spices studied, S. zenkeri (seeds) had the least DPPH
radical scavenging activity registering only 43.16% at a dose level of 10mg/ml. At 2mg/ml, I.
gabonensis and T. vugaris had radical scavenging activity above 50% making then strong
antioxidant sources. One of the prerequisites to qualify an extract as antioxidant is its ability
to neutralise radical induced oxidative stress. Such an extract should be reactive towards the
radical and the resultant antioxidant radicals should not be reactive towards bio-molecules. In
www.wjpr.net

Vol 4, Issue 2, 2015.

1614

Tchamgoue et al.

World Journal of Pharmaceutical Research

other to study this effect, DPPH radical was used. DPPH is a stable free radical that forms a
stable diamagnetic molecule on accepting an electron or hydrogen.[32] Polyaromatic
hydrocarbons generate polyaromatic hydrocarbon cation free radicals in situ that may partly
be linked to carcinogenesis.[33] Thus plants with antioxidants activity capable of scavenging
free radicals may possess anti-carcinogenic and anti-mutagenic activities. In the present
study, extracts of all the samples studied showed a significant (P<0.001) DPPH radical
scavenging activity in a dose dependent manner. I. gabonensis was the most effective spice
with very high radical scavenging activity while S. zenkeri had the least effect on DPPH
radical compared to the rest of spices studied. This implies that the radical scavenging
activity of extracts may be attributed to their ability to donate protons and hydrogen atom to
DPPH.[34]
Table 2: Dose related Superoxide radical scavenging activity (%) of methanolic extracts
of spices.
Species
Parts used
1mg/ml
2mg/ml
R. heudelotii
Seeds
12.39±1.70 19.25±1.46a
S. zenkeri
Seeds
15.24±0.84 14.78±1.35
S. zenkeri
Bark
8.32±0.87
7.47±0.62
A. lepidophyllus Seeds
12.28±0.63
8.59±0.64
I. gabonensis
Seeds
8.89±0.99
14.40±0.71a
T. vulgaris
Seeds
22.18±0.92 23.21±1.17
a
significantly different from 1mg/ml, b significantly different

4mg/ml
8mg/ml
a
17.71±2.28
20.15±1.52c
13.00±2.05
18.07±1.11c
10.37±0.40b
15.94±0.99c
10.76±1.15
15.96±0.84c
17.39±0.59b
40.78±1.23c
b
29.94±0.97
40.47±1.97c
from 1mg/ml and 2mg/ml, c

significantly different from 1mg/ml, 2mg/ml and 4mg/ml.
Table 2 presents the percentage (%) superoxide radical scavenging activity of spices extracts.
The superoxide radical scavenging activity was also concentration dependent with the highest
concentration of 8mg/ml having the highest scavenging activity. As in the DPPH radical
scavenging activity, the highest superoxide radical scavenging activity (40 %) was registered
by I. gabonensis and T. vulgaris at a concentration of 8mg/ml. This was significantly
(P<0.001) higher than the scavenging activity of the other extracts. Superoxide radicals are
formed when oxygen is reduced by accepting a single electron to its outer electron shell.
Endogenously superoxides are produced by flavoenzymes such as xanthine oxidase activated
in ischemia-reperfusion.[35] Exogenous substances such as opioid peptides have been reported
to stimulate superoxide radical production by human polymorphonuclear leukocytes and
macrophages.[36] The superoxide radical is very harmful to cellular components as a precursor
of most reactive oxygen species.[37] Formation of superoxide radicals leads to a cascade of
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other reactive oxygen species (H2O2 and OH˙) in the cell, thus removal of superoxide radical
in the cell is important.[38] A reduction in absorbance of the reaction mixture in the presence
of antioxidant is an indication of the consumption of superoxide radical. Superoxide radical
was generated in a non-enzymic system of PMS/NADPH-NBT. Extracts of all the samples
had significant (P<0.001) dose dependent superoxide radical scavenging activity with I.
gabonensis having the highest effect and A. lepidophyllus the least.
Table 3: Dose related Hydroxyl radical scavenging activity (%) of methanolic extracts
of spices.
Species
Parts used
2.5mg/ml
5mg/ml
10mg/ml
a
R. heudelotii
Seeds
43.41±2.58
52.56±2.35
62.35±1.64
S. zenkeri
Seeds
19.67±2.69
22.33±1.98
30.67±2.49b
S. zenkeri
Bark
5.33±1.94
14.67±2.05a
20.00±2.45b
A. lepidophyllus Seeds
7.89±0.84
10.67±1.25a
15.42±2.81b
I. gabonensis
Seeds
6.21±1.63
8.54±2.14
11.68±3.64a
a
T. vulgaris
Seeds
11.67±1.69
15.33±1.47
27.67±2.06b
a
significantly different from 2.5mg/ml, bsignificantly different from 2.5mg/ml and 5mg/ml.
Table 3 presents the hydroxyl radical scavenging activity of extracts of spices. At 2.5mg/ml
concentration of extracts, R. heudelotii had a significantly higher (rough 50%, P<0.001)
hydroxyl radical scavenging activity than the rest of the extracts. Surprisingly, I. gabonensis
had the least effect on the hydroxyl radical irrespective of the concentration used. Hydroxyl
radicals are the most reactive of the ROS and initiates the peroxidation of cell membrane
lipids.[39] The product of cell membrane peroxidation (lipid peroxides) break down is
malondialdehyde which is mutagenic and carcinogenic.[40] The hydroxyl radical is formed in
vivo by high energy irradiation leading to homolytic cleavage of water or from H 2O2 in a
metal catalysed process.[38, 39] Hydroxyl radicals interact with the purine and pyrimidine bases
of deoxyribonucleic acid (DNA) bringing about DNA damage. It can also abstract hydrogen
atoms from biological molecules, including thiols leading to the formation of sulphur radicals
capable of combining with oxygen to generate oxysulphur radicals which also damage
biological molecules.[39] The protection of DNA against hydroxyl radical was investigated by
the Fenton reaction using the deoxyribose assay.[29] A mixture of Fe3+, EDTA, H2O2, and
ascorbic acid was used to generate hydroxyl radical which breakdown deoxyribose into
fragments that react with thiobarbituric acids at low pH upon heating to produce a pink
chromogen with maximum absorbance at 532nm. All extracts of samples had a significant
(P<0.001) dose related increase in their hydroxyl radical scavenging activity. There was
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increase in activity up to 5mg/ml and the activity dropped at 10mg/ml, which may imply that,
the reaction reached saturation at 5mg/ml dose. All the plants extracts were able to reduce the
intensity of the chromogen and hence prevented the breakdown of deoxyribose. A surprising
high hydroxyl radical scavenging activity was registered for R. heudelotii that did not show
very high DPPH or superoxide radical scavenging activity. On the other hand, I. gabonensis
which had very high DPPH and superoxide radical scavenging activity was not very effective
in the scavenging of hydroxyl radical. Thus, these extracts can be useful in minimising the
effect of hydroxyl radical against biological molecules.
Table 4: Dose related Nitric oxide scavenging activity (%) of methanolic extracts of
spices.
Species
Parts used
2.5mg/ml
5mg/ml
10mg/ml
a
R. heudelotii
Seeds
8.01±1.63
22.33±2.00
37.67±1.94b
S. zenkeri
Seeds
5.67±1.25
4.67±2.05
6.69±2.18b
S. zenkeri
Bark
5.13±0.94
5.68±1.25
7.33±1.52b
a
A. lepidophyllus Seeds
6.23±1.54
10.13±1.63
12.33±1.71b
I. gabonensis
Seeds
29.23±1.56
41.33±2.05a
62.33±2.13b
a
T. vulgaris
Seeds
8.12±1.78
16.11±1.95
35.67±1.94b
a
significantly different from 2.5mg/ml, b significantly different from 2.5mg/ml and 5mg/ml.
Extracts of spices showed some scavenging activity against nitric oxide (Table 4) in a
concentration dependent manner. At 10mg/ml, I. gabonensis had above 62% nitric oxide
scavenging activity (62%). Concentration did not have any significant (P>0.05) effect on the
scavenging activity of S. zenkeri (seeds and bark) and A. lepidophyllus extracts. Nitric oxide
(NO) reacts with oxygen to produce nitrite and nitrate which are potential carcinogens. Thus,
NO scavengers compete with oxygen. Several reactive nitrogen species are relevant to the
food matrix and to the gastrointestinal tract. Nitrogen is present in foods as nitrates, nitrites,
peptides, proteins and amino acids and its metabolites in vivo include nitric oxide, higher
oxides of nitrogen and peroxynitrite.[41, 42] Generation of oxides of nitrogen in the stomach by
reaction of salivary (and dietary) NO2- with gastric acid, initially to form HNO2, may be an
important antibacterial mechanism since NO˙ and its derivatives are toxic to many bacterial
strains.[43] However, excess production of reactive nitrogen species e.g. as a result of H.
pylori infection, chronic inflammation or excessive consumption of NO 2 --rich foods, may
enhance the risk of gastric cancer by mechanisms involving formation of N-nitrosocompounds and possibly deamination.

[44]

Similarly, excess production of oxides of nitrogen

may be a risk factor for cancer development in patients infected with hepatic parasites and in
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hepatitis and other chronic inflammations.[45] Activity of T. vulgaris were found to
significantly inhibit the production of NO induced by lypoxigenase and INF in a murine
macrophage cell line mediated by inhibition of inducible nitric oxide synthase (iNOS) mRNA
expression and/or by NO scavenging.[46] The scavenging activity of plant extracts was
measured as the ability to prevent the formation of nitrite. All of the plants extracts had a
significant (P<0.001) dose related effect on the scavenging of NO. I. gabonensis had the
highest scavenging activity.
Table 5: Dose related reducing activity (optical density) of methanolic extracts of spices.

a

Species
Parts used
1mg/ml
2mg/ml
R. heudelotii
Seeds
0.22±0.01 0.23±0.01
S. zenkeri
Seeds
0.22±0.01 0.22±0.01
S. zenkeri
Bark
0.20±0.01 0.22±0.01
A. lepidophyllus Seeds
0.21±0.01 0.24±0.01a
I. gabonensis
Seeds
0.28±0.01 0.35±0.01a
T. vulgaris
Seeds
0.25±0.01 0.33±0.01a
significantly different from 1mg/ml, b significantly different

4mg/ml
0.26±0.01b
0.24±0.00b
0.26±0.01a
0.28±0.01b
0.48±0.02b
0.46±0.01b
from 1mg/ml

8mg/ml
0.34±0.01c
0.28±0.01c
0.32±0.01c
0.35±0.01c
0.73±0.01c
0.72±0.01c
and 2mg/ml,

c

significantly different from 1mg/ml, 2mg/ml and 4mg/ml.
The reducing power of extracts of spices measured as increase in optical density is presented
in Table 5. A significant (P<0.001) concentration dependent reducing power was observed in
extracts of spices with exception of S. zenkeri (seeds) (P>0.05) which had low reducing
power. It was observed that only I. gabonensis and T. vulgaris had reducing power with
optical density above 0.5 at the highest concentration (8mg/ml). The reducing power of a
compound may count as a strong indicator of antioxidant potential. The reducing power has
been applied in most of the methods available for the determination of antioxidant potential
as the mechanism of action. Examples include the Folin and Ferric reducing antioxidant
power methods though they differ in the metal being reduced. [26,
reducing power, the transformation of Fe
plants extracts as earlier described.

[31]

3+

2+

to Fe

47]

In measuring the

was investigated in the presence of the

Increased absorbance of the reaction mixture at 700nm

in the presence of extracts is an indication of a strong reducing power. The extracts showed a
moderate (P<0.001) dose dependent reducing power with I. gabonensis and T. vulgaris being
the strongest. The reducing ability of plant extracts has been linked to electrons donation and
reaction with free radicals converting them into stable metabolites and terminates the radical
chain reaction.[33] Antioxidant activity of T. vulgaris has also been reported. [48]
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CONCLUSION
In concluding, it is important to mention that all the spices show some radical scavenging
activity irrespective of the method of assay. It is possible for an antioxidant to protect in one
system and fails to protect or even cause damage in another. This can be seen in the different
trend of the radical scavenging activity when different methods were used. In overall, I
gabonensis stood out as the best radical scavenger.
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