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Abstract
This research assessed the antioxidants and anti-inflammatory activities of methanolic, ethyl acetate and petroleum 

ether extracts of the stem bark of Heisteria parvifolia. The phytochemical screening identified several important 
phytochemical constituents among the various solvent used. The various extracts were also tested for their abilities 
to scavenge a stable 2, 2-diphenyl-1-picrylhydrazyl (DPPH) free radical by way of determining the plant antioxidant 
properties gave the IC50 values as, 46.98 μg/mL, 132.65 μg/mL, 2784.21 μg/mL for methanolic, ethyl acetate and 
petroleum ether respectively and 27.26 μg/mL for the standard drug (ascorbic acid). The ant-inflammatory activities of 
the plant extracts were determined which also gave promising carrageenan induced inflammation inhibition, methanolic 
extract against carrageenan induced inflammation were 59.12%, 54.62% and 51.55%. The ethyl acetate extract showed 
significant percentage inhibitions of 52.38%, 46.92% and 42.34%, while the petroleum ether only showed a percentage 
inhibition of chicks paw size of 42.85%. These results have justified the relevance of this plant in its wide traditional 
usage in wound healing.

Keywords: Antioxidant; Anti-inflammatory; Free radicals; P-values; 
DPPH; Total antioxidant capacity; Carrageenan; Foot paw size; 
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Introduction
Nature has provided possible drug agents for millions of years 

which led to the development of new pharmaceutical preparations. 
Plant medicines are the primitive source of health care practice by man. 
In other underdeveloped nations, a huge number of the population 
depends on herbal practitioners and herbal products to cure their 
health needs [1]. The World Health Organization (WHO) report, 2008 
estimates about 80% of the world human population of underdeveloped 
nation’s reliance on herbal preparations for basic health care needs. 
Our fore fathers continued to prepare herbal concoctions as remedy 
for the treatment of various forms of diseases without knowing the 
active principles behind the remedy because they lacked the knowledge 
of modern science which could have even helped isolate and purify 
these preparations to make them more efficacious and less toxic to the 
consumers [2]. Modern scientific practices have helped unveiled the 
possible phytoconstituents present in these medicinal plants that help 
them in performing the activities they do in traditional practice [3].

Plants, since the pre-colonial era are used as a source of medicines 
throughout the world and is still currently the main source for novel 
drug discovery and form part of treatment option in our current 
medical system. Medicinal plants can therefore be defined as any plant 
with the ability to reduce, cure, prevent or change the physiological and 
pathological conditions of an individual [4].

Medicinal plants generate a wide array of phytochemical 
constituents that contributes to the improvements of total health [5]. 
These phytochemical constituents or compounds act individually, 
in combination or in synergy to elicit a pharmacological activity. 
They act in isolation if the constituent or constituents is or are in the 
right proportion to give the needed therapeutic effect. Also, they act 
in synergy if the constituents in the plant are not in the proportion 
adequate to elicit the desired activities and need to support each other 
using different mechanisms of actions to produce the same results 
[6]. A lot of mechanisms can be stimulated by a plant compound for 

example, a plant substance could aid digestion, treat inflammation, 
or treat oxidative stresses generated by free radicals, prevent bacterial 
and fungal invasions and other substances that help release unwanted 
products from the body [6].

Natural products can be described as molecules or compounds 
obtained from biological organisms, plants, animals, fungi, insects 
and other marine organisms [7]. These organic molecules possess 
pharmacological or biochemical activities which warrant their usage in 
pharmaceutical drug discovery and drug formulation. These molecules 
or compounds are referred to as phytochemicals or metabolites of 
which they are grouped into two main classes, primary and secondary 
metabolites [8].

The primary metabolites are common compounds or molecules 
which are used in normal cell development and functioning. They are 
widespread in all plants which include and not limited to carbohydrates, 
proteins, vitamins, lipids, and other mineral nutrients. On the 
other hand, are the secondary metabolites whose role is for the total 
maintenance of the plant life [8]. Normally these phytoconstituents 
are produced in small amount and special to some plant species. 
Phytoconstituents can be used as agents of pollinators in plants and 
soldiers against predators and pathogens.

With the high demands for medicinal plants products, there is a 
need for thorough scientific investigations into these medicinal plants 
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for their health benefits and the likely possible toxic effects [9]. Among 
the vast range of medicinal plants used for medications is Heisteria 
parvifolia which is used in the treatment of many health conditions in 
Ghana [10].

Heisteria parvifolia is a shrub or small tree that grows up to about 
20 to 60 m tall and has a bole up to about 60cm in average diameter 
with slight fluttering at the base and thin buttress. The genus Heisteria 
comprises about 65 species in tropical Africa. Some species of this plant 
include, Heisteria trillesiana, Heisteria zimmereri and many others in 
tropical Africa [11]. Heisteria parvifolia occurs in different types of 
habitats, evergreen moist rainforest, coastal and riverine forest and 
primary upland forest, seasonally flooded forest and can also occur in 
savanna and secondary forest [12], in Ghana it is strongly associated 
with acid and base-poor soils. It is a dicotyledonous plant belonging to 
the family Olacaceae. The specie can also be found in Senegal, South-
West Mali, Democratic Republic of Congo (DRC), Angola, Uganda, 
South Sudan and many other African countries [13]. The wood of 
Heisteria parvifolia is used for building poles, piles, palisades and tool 
handle. The flexibility of the stem and wood make them suitable for 
making bows, the twigs are used as chew-sticks and arrows. It has a 
glossy, dark green leaves with enlarged scarlet calyx persisting on the 
developing fruits. In some areas, the fruits are eaten fresh, the oil-
rich seeds are eaten fresh or roasted or cooked before eaten [14]. The 
plant is known for its medicinal uses in various countries for instance 
in Ghana, the ground roots are used as enema against stomach-ache, 
stem bark is also used for treating diarrhoea, convulsion and as a cough 
medication [15]. In Democratic Republic of Congo, the root bark is 
used against migraine by dropping it into the nose and into the eyes to 
treat painful or infected eyes and against cough [15]. The stem bark is 
applied to circumcision wounds in Gabon. In Cote d’Ivoire the leaves 
are taken against convulsion [16].

The seed kernel contains about 50% fat and a nice flavor scent [17]. 
The fatty acid composition is reported as mainly long chain saturated 
fatty acid (18.5%) with carbon length of C16-C28 and 31% of oleic acid 
with other mono and di-enoic fatty acids [18].

The plant is of great prospects and most likely to remain a producer 
of timber, fruits, kernels and as source of food for local use. The seed 
oil is on a high demand as a source of rare fatty acids [18]. There is 
however, limited scientific research into the medicinal importance of 
this plant despite its widespread traditional usage.

Formation of free radicals

When an unstable bond breaks it results in the formation of 
unpaired molecules known in other words as free radicals [19]. These 
free-radicals in their search for stability react rapidly with the nearby 
stable compounds or molecules. Normally, these unstable molecules 
attack the closest stable compounds by either losing or gaining electron 
from the stable compound to attain stability. When the stable compound 
or molecule loses an electron, it becomes a free radical because it now 
has unpaired electrons and this process can persist until it is terminated 
by another molecule with unpaired electron [20]. Despite the biological 
mechanisms or activities that generate free radicals, atmospheric or 
environmental factors such as pollution, chemical radiation, smoke 
from tobacco, agricultural chemicals can also produce free radicals 
in the human system. In the absence of a terminating agent to stop 
the proliferation of these free radicals, the persistent formation of free 
radicals can cause damage to tissues and cells in the body and any other 
biological molecule that undergoes oxidation [20]. There is growing 
interest in the activities of free radicals in the body, food rich in fats 
such as polymer and the mechanisms inhibiting the damages caused by 

terminating agents such as antioxidants [21]. Cell metabolic products 
directly support cell development and also increase the pathogenesis 
produced by atherosclerosis, thus low-density protein oxidation. 
Free-radicals can cause damages to the human brain associated with 
other diseases such as Alzheimer’s disease. However, research has 
demonstrated that the length of damage caused by these free radicals 
can be altered by dietary modifications and pharmaceutical therapy 
[22].

Natural products as antioxidants

Antioxidants are compounds, molecules or substances that are 
capable of protecting cells against damages caused by free radicals. They 
react with the free radicals by removing the free lone pair of electrons in 
its outermost shell there by stabilizing the free radicals which goes a long 
way to reduce the damages caused by these free radicals. Free radicals 
can cause diseases such as cancer and other degenerative conditions 
[23]. Examples of compounds and molecules that can help stabilize 
these free radicals are beta-carotene, vitamins A, C, lycopene and other 
common vegetables with phenolic content [24]. Oxidation in biological 
system is a reaction process involving the transfer of electrons from 
one molecule to another molecule known as the oxidizing agent. These 
oxidative processes can generate unstable molecules which are the 
starters of chain reaction leading to the damage of cells. Antioxidants 
act by terminating these chain reactions initiated by free radicals 
through the removal of the intermediates created by free radicals 
and also terminate the oxidation processes by oxidizing themselves. 
By way of their interactions, antioxidants are mostly reducing agents 
such as vitamin C, polyphenols and thiols [23]. Oxidation processes 
are very important processes in human life but can sometimes be very 
damaging to cells and tissues hence, living things maintain complex 
systems of antioxidants which include glutathione, ascorbic acid and 
other enzymes such as superoxide dismutase, catalase and various 
peroxidases. Limited amount of antioxidants or its inhibition of 
important enzymes causes oxidative stress that can lead to cell death 
[25]. The oxidative menace impose on human tissues and cells by free 
radicals can be a contributing factor to human diseases and is therefore 
important to encourage the pharmacological activities of antioxidants 
in treating chronic health conditions such as cancers, stroke and 
neurodegenerative illnesses. The health benefits of antioxidants in 
plants have necessitated manufacturers of dietary supplements to 
include them as part of dietary supplements in the quest to maintain and 
improve the health of consumers [26]. Although preliminary studies 
have shown that antioxidants supplements in food can promote health, 
a more detailed clinical research have demonstrated that excessive use 
of antioxidants can produce harmful effects in the body. Chemists over 
the years have suggested that oxidations caused by free radicals can be 
terminated by terminating agents such as antioxidants [26].

Mechanisms of inflammation

The mechanisms underpinning the protrusions of inflammation are 
enormous both natural and environmental because of the complexity 
associated with biological systems. Inflammation is a tightly controlled 
cascade of physiological and behavioral processes arranged by 
dissolvable immune signaling molecules referred to as cytokines [27]. 
The initials of inflammatory cascade are the recognitions of infections. 
This can be obtained through detection of pathogen-associated 
molecular patterns and specifically directed towards the known 
distinctive molecules as expressed by pathogens survival.  Infections 
associated with molecular patterns are molecules or compounds which 
show necrosis and can be recognized by innate immune system. The 
merit of detecting the signals is that it helps reduce the targeting of 
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host cells and tissues. As it is seen in other adaptive immunity, the 
natural immune system is deficient in differentiating between strains 
of pathogens and to ascertain the harmfulness of strains to host cells 
and tissues [27].

Affected cells are noticed by germ-line protected receptors 
such as transmembrane Toll-like receptors and intracellular 
nucleotide binding domain [28]. After the recognition of ligands, the 
transmembrane toll-like receptors trigger signaling pathways which 
help in the activation of nuclear factor kappa-light-chain-enhancer of 
activated B cells. The transcription factor is present in all cells in an 
inactive form linked to an inhibitor, kappa-light-chain-enhancer of 
activated B cells [28]. Immediately after the transduction of the signal, 
kappa-light-chain-enhancer of activated B cell is released from kappa-
light-chain-enhancer of activated B cell and moves to the center of the 
cell, nucleus, and a place where transcription is controlled by linking 
to target genes. The activation of nuclear factor kappa-light-enhancer 
of activated B cells need the synthesis of proteins. The nuclear factor 
kappa-light-enhancer of activated B cells signaling system is strange 
but there is evidence that the control of immune functions through 
a pathway arise independently [28]. The inducible display of pro-
inflammatory cytokines such as tumor necrosis occurs as a result of the 
transcription and translation of genes in the third stage of the cascade 
of inflammation which occurs in conjunction with the attractants and 
various molecules that help in the generations of effector cells that 
include neutrophils and monocytes at the disturbed area. A cytotoxic 
environment is created by neutrophils through the release of poisonous 
chemicals from cytoplasmic granules. The quick outpour of these 
chemicals requires the intake of both oxygen and glucose through a 
process known as respiratory burst [25]. The most poisonous chemicals 
released included reactive oxygen species and reactive nitrogen species 
respectively and some forms of proteinases. The toxic chemicals 
generated are damaging to both the host and the pathogens which 
essentially induce a primer of the cascade of inflammations.  The five 
main processes of inflammations are (1) Tissue injury or pathogens 
induce inflammation. (2) The transmembrane toll-like receptors bind 
to Pathogen- associated molecular pattern. (3) The toll-like receptors 
activate a signal transduction pathway involving the phosphorylation 
of the inhibition of kappa-light-activated B cell protein. (4) Different 
pro-inflammatory cytokines and attractants are generated and released 
to boost effector functions of inflammation. (5) The blood-borne 
neutrophils and monocytes then move to the disturbance site through 
chemotaxis and specifically pass through the endothelial cells to reach 
their target areas or sites [24]. The inward movement of fluids in cells 
is accompanied by protein-rich fluids which is referred to as exudate 
which promote swelling. Mast cells and tissue-resident macrophages 
assist this movement by releasing histamine, prostaglandins and 
leukotriene which have quick effects on the vasculature in addition to 
vasodilation increasing vascular permeability [29].

Materials and Methods
Chemicals and reagents used

The following chemicals/reagents were secured from the indicated 
sources, methanol, petroleum ether (Fisher Scientific, UK), chloroform 
(Fisher Scientific, UK), hexane (Fisher Scientific, UK), ethanol (Sigma 
Aldrich, U.K), ferric chloride, Meyers’ reagent, hydrochloric acid 
(Sigma Aldrich, U.K), sulphuric acid (Sigma Aldrich, U.K), diethyl 
ether (Fisher Scientific, UK), Fehling solution I and II (prepared In-
house), acetone (Fisher Scientific, UK), acetic anhydride (Chemiphase, 
UK), Tragacanth (Oxoids Limited, Basingsingstoke, Hampshire, 
England), Folin-Ciocalteu (Oxoids Limited, Basingsingstoke, 

Hampshire, England) disodium hydrogen phosphate (BDH chemical 
limited, poole, England), sodium carbonate and ascorbic acid (BDH 
Chemical laboratory U.K), carrageenan (Greenwich University, U.K), 
and Diclofenac sodium (Sara Export Limited, batch No; DFS- 0316250, 
Assay value; 99.7% (w/w).

Equipment and apparatus used

The following pieces of equipment and apparatus were used for 
the experiments; autoclave, incubator and oven (Gallenkamp, U.K), 
water bath and electronic balance (Gallenkamp, U.K), fume chamber 
(Gallenkamp, U.K), rotary evaporator (R-210 Buchi, Switzerland), 
micropipette (Anumbra, U.K), separatory funnel (Anumbra, U.K), 
beakers and test tubes (Oxoids Limited, Basingsingstoke, Hampshire, 
England), syringes (Quickfit limited, England), fridge (Systec 
Wattenberg, Switzerland), Whatman No.1 filter paper, micro-titre 
plate (Synergy H5, No: 29302), UV-Visible Spectrophotometer (T90+ 
UV-VIS Spectrometer, PG Instruments LTD).

Authentication of collected sample

The stem bark of Heisteria parvifolia was harvested from some 
farm lands in Mampong-Akwapim (Eastern Region of Ghana) and 
authenticated by Mr. Asare of the Department of Pharmacognosy, 
Faculty of Pharmacy and Pharmaceutical Science and was assigned 
the voucher specimen number KNUST/HMI/002 and deposited at the 
Faculty’s herbarium for record purposes.

Sample Preparations
The stem bark of Heisteria parvifolia was harvested, washed and 

chopped into smaller pieces, air-dried under room temperature for 
about two weeks and pulverized into fine powder. The powdered 
sample (150g) was extracted with methanol, ethyl acetate and 
petroleum ether by cold maceration for three days (72 h) separately. 
The macerated sample was filtered and concentrated to dryness which 
gave the following yields, 6.56g for methanol extract, and 5.45g for 
ethyl acetate and 3.11g for petroleum ether. The extracts were stored in 
a deep fridge before use.

Methods
Evaluation of free radical scavenging activity of Heisteria 
parvifolia

The determination of the free radical scavenging activity of the 
extracts (methanolic, ethyl acetate and petroleum ether) was carried out 
using the DPPH (2, 2-diphenyl-1-picrylhydrazyl) assay as described by 
(Mensor et al., 2001) with a slight modification. Different concentrations 
of 500, 250, 125, 62.50 and 31.25 μg/mL of ascorbic acid and sample 
extracts in methanol were prepared. DPPH (2 mL) in methanol was added 
to 1 mL solution of the extracts and the ascorbic acid and kept at room 
temperature in a dark chamber for 30 min. The change in colour from 
deep violet to light yellow was then measured at 517 nm by a UV-Visible 
Spectrophotometer. The decrease in absorbance was then converted to 
percentage radical scavenging antioxidant activity (% RSA) using the 
formula. RSA%= {[(Abs control- Abs sample) x100] / Abs control}.

Methanol was used as the blank (1 mL) plus sample solution (1 
mL), DPPH solution (2 mL, 0.002%) was used as the negative control 
and ascorbic acid was used as the standard drug.

Evaluation of total antioxidant capacity (TAC) of Heisteria 
parvifolia

The total antioxidant capacity of the extracts (methanolic, ethyl 
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acetate and petroleum ether) was evaluated by the Phosphomolybdenum 
method according to the procedure described by Prieto et al. The assay 
is based on the reduction of Molybdenum (Mo+6) (VI) to Molybdenum 
(Mo+5) (V) by the extracts and the formation of a green phosphate /
Mo (V) complex at acidic pH. 1 mL each of the extract solution was 
mixed with 3 mL of reagent solutions (0.6 M sulfuric acid, 28 mM 
sodium phosphate and 4mM ammonium molybdate) and incubated 
in an oven at a temperature of 95℃ for 90 min. The absorbance of 
the reaction mixture was measured at 695 nm using a UV-Visible 
spectrophotometer. Methanol was used as the blank and ascorbic acid 
as the standard drug by establishing a calibration curve for the ascorbic 
acid using the concentrations (500, 250, 125, 62.50 and 31.25 μg/mL). 
The antioxidant activity of the extracts is expressed as the number of 
gram equivalent of ascorbic acid.

Evaluation of total phenolic content of Heisteria parvifolia

The total phenolic content of the extracts (methanolic, ethyl acetate 
and petroleum ether) was determined using the method of (Mcdonald 
et al., 2001). Calibration curve was prepared by mixing ethanol 
solution of Gallic acid (1 mL; 31.25-500 μg/mL) with 0.5 mL of Folin-
Ciocalteu reagent and sodium carbonate (3 mL, of 2.0%). Each extract 
solution (1 mL) was mixed with 3 mL Folin-Ciocalteu reagent solution 
and incubated for 30 min. The Absorbance values of the extract 
concentrations (500, 250, 125, 62.50, 31.25 μg/mL) were measured 
at 725 nm using a UV-Visible spectrophotometer to determine the 
total phenolic content in the extract (methanolic, ethyl acetate and 
petroleum ether) concentrations. Gallic acid equivalents (GAE) were 
calculated using the following formula;

T=C*V/M

Where T = total phenolic content, milligram per gram of sample 
extract, in GAE; C = the

Concentration of Gallic acid established from the calibration 
curve, mg/mL; V = the volume of Extract in milliliter; M = the weight 
of sample extract (g).

In-vivo Anti-Inflammatory Activity Screening
The in-vivo anti-inflammatory potentials of the crude extracts of 

the stem bark of Heisteria parvifolia alongside with a standard drug 
(Diclofenac sodium) was assessed using the protocols [30].

A total of 100 chicks (seven-day old) were used for the anti-
inflammatory screening. The chicks were put into six groups with each 
group having five chicks for each extract. The chicks were weighed 
to help in determining the volume of extracts to be administered. 
Tragacanth was used as the vehicle for dissolving the extracts with 
concentrations of 30 mg/kg, 100 mg/kg and 300 mg/kg for each of the 
extracts and concentrations of 10 mg/kg, 30 mg/kg and 100 mg/kg for 
the standard drug (Diclofenac sodium).

Suspension (10 μL of 2%) in 0.9% saline of carrageenan was 
prepared. The initial foot paw of the chicks was taken using digital 
calipers before the therapeutic analysis was done.

The carrageenan was injected into the left foot paw of the chicks for 
30 min to 1 h after which the extracts and the standard drug (Diclofenac 
sodium) were simultaneously administered orally. The change in foot 
paw of the chicks was monitored hourly for six hours to determine the 
effects of the extracts and the standard drug.

Results
The smaller the IC50 value the more potent the sample is in terms 

of terminating free radicals (Tables 1-7 and Figure 1).

As the concentration of the extract increases the free radical 
decreases (Figures 2-8).
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Figure 1: Comparism of the antioxidant activities of the various extracts 
against ascorbic acid.

Sample IC50 in µg/mL
Methanol extract 46.98
Ethyl acetate extract 132.65
Petroleum ether extract 2784.21
Ascorbic Acid 27.26

Table 1: DPPH scavenging activities of the Extracts and ascorbic acid (standard 
drug).
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Figure 2: DPPH consumed after incubation of DPPH with ascorbic acid and 
plant extracts.
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Figure 3: Total Antioxidant Capacity.
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Figure 4: Calibration curve of standard Gallic acid for determination of total 
phenol content.
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Figure 5: Correlations between Total Antioxidant Capacity and Total Phenol 
Content of the Extracts.
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Figure 6: Correlation graph for ethyl acetate (TAC and TPC).
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Figure 7: Correlation graph of methanol extract (TAC VS TPC).
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Figure 8: Correlation graph of petroleum ether extract (TAC and TPC).

Sample (Extract) Mean ± standard deviation
Methanol 12.84 ± 2.512
Ethyl acetate 11.17 ± 1.896
Petroleum ether 3.97 ± 3.174

Table 2: Total antioxidants capacity expressed as ascorbic acid Equivalent (Mean 
± standard Deviation).

Sample (Extract) Mean ± standard deviation
Methanol 23.05 ± 1.123
Ethyl acetate 17.21 ± 1.421
Petroleum ether 12.31 ± 2.564

Table 3: Total phenol content expressed as Gallic acid Equivalent (Mean ± 
standard deviation).

Sample Concentration 
μg/mL

Absorbance % Inhibition

Methanol 500 0.13 ± 0.010 74.95
250 0.15 ± 0.010 71.18
125 0.21 ± 0.017 60.45

62.50 0.48 ± 0.011 39.60
31.25 0.62 ± 0.021 17.51

Table 4: Concentration, Absorbance and % Inhibition of DPPH by Methanolic 
extract of Heisteria parvifolia.

Sample Concentration 
μg/mL

Absorbance % Inhibition

Ethyl acetate 500 0.174 ± 0.023 67.23
250 0.245 ± 0.005 53.86
125 0.286 ± 0.022 46.14
62.5 0.522 ± 0.15 28.87
31.25 0.727 ± 0.271 10.11

Table 5: Concentration, Absorbance and % Inhibition of DPPH by Ethyl acetate 
extract of Heisteria parvifolia.

Sample Concentration 
μg/mL

Absorbance % Inhibition

Petroleum ether 500 0.47 ± 0.076 39.45
250 0.87 ± 0.0563 26.56
125 0.96 ± 0.521 18.45

62.50 1.94 ± 0.045 7.73
31.25 2.07 ± 0.563 4.69

Table 6: Concentration, Absorbance and % Inhibition of DPPH by Petroleum 
ether extract of Heisteria parvifolia.
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Sample Concentration μg/mL Absorbance % Inhibition
Ascorbic acid 500 0.11 ± 0.001 93.45

250 0.13 ± 0.007 89.67
125 0.19 ± 0.003 84.93

62.50 0.36 ± 0.011 75.67
31.25 0.53 ± 0.023 65.34

Table 7: Concentration, Absorbance and % Inhibition of DPPH by Ascorbic acid (standard drug).

Concentration (mg/kg) Percentage (%) Inhibition if Chicks Foot Paw Size
Plant extract Diclofenac sodium Methanol Ethyl acetate Petroleum ether Diclofenac sodium

300 mg/kg 100 mg/kg 59.12 52.38 42.85 83.67
100 mg/kg 30 mg/kg 54.62 46.92 36.23 78.34
30 mg/kg 10 mg/kg 51.55 42.34 20.90 74.54

Table 8: Anti-inflammatory activities of Heisteria parvifolia extracts compared to standard drug (Diclofenac sodium).

0 2 4 6
0

5

10

15

20

25

control
Diclo 10mg
Diclo 30mg
Diclo 100mg

Control VS Diclofenac
A

Time (H)

ezis t
o

of 
ni esaerc

nI
%

c o n tro l

D ic lo
1 0 m g

D ic lo
3 0 m g

D ic lo
1 0 0 m g

0

5 0

1 0 0

1 5 0

D ic lo fe n a c

To
ta

lO
ed

em
a(

AU
C)

***
***

**

A 1

 

 

Control VS methanolic extact

0 2 4 6
0

5

10

15

20

25
control

meth. 30mg

meth 100mg
meth .300mg

B

Time (H)

c o n tro l

m e th
3 0 m g

m e th
1 0 0 m g

m e th
3 0 0 m g

0

5 0

1 0 0

1 5 0

**

**

***

M e th a n o lic e x tra c t

To
tal

Oe
de

ma
(A

UC
) B 1

%
In

cr
ea

se
 in

 fo
ot

 s
iz

e

Figure 9: Anti-inflammatory activities of Diclofenac sodium and Methanolic extract.
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Figure 10: Anti-inflammatory activities of diclofenac sodium and Ethyl acetate extract.
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A and B are the inhibitions of the carrageenan induced paw of the 
chicks by diclofenac sodium and  methanolic extract at concentrations 
of 100 mg/kg, 30 mg/kg and 10 mg/kg for the standard drug (Diclofenac 
sodium) and 300 mg/kg, 100 mg/kg and 30 mg/kg for the methanolic 
extract (Table 8).

A1 and B1 are the areas under the curve (total oedema) with 
statistical p-values ranging from, * for P<0.05 , ** for P<0.01, *** for 
P<0.001, showing the degree of significance of the activities of the 
extract  on the paw size  using ANOVA (one-way) and Dunnet’s 
multiple comparism test

A and C- are the inhibitions of the carrageenan induced paw of the 
chicks by diclofenac sodium and ethyl acetate extract at concentrations 
of 100 mg/kg, 30 mg/kg and 10 mg/kg for diclofenac sodium and 
concentrations of 300 mg/kg, 100 mg/kg and 30 mg/kg for the ethyl 
acetate extract.

A1 and C1 are the areas under the curve (total oedema) with 
statistical p-values ranging from, * for P<0.05, ** for P<0.01, *** for 
P<0.001, showing the degree of significance of the extract activities on 
the paw size using one way ANOVA and Dunnet’s multiple comparism 
test

A and D- are the inhibitions of the carrageenan induced paw of 
the chicks by diclofenac sodium and the petroleum ether extract at 
concentrations of 100 mg/kg, 30 mg/kg and 10 mg/kg of diclofenac 
sodium and concentrations of 300 mg/kg, 100 mg/kg and 30 mg/kg of 
the petroleum ether extract.

A1 and D1 are the areas under the curve (total oedema) with 
statistical p-values ranging from, * for P<0.05, ** for P<0.01, *** for 
P<0.001, showing the degree of significance of the extract activities on 
the paw size using one way ANOVA and Dunnet’s multiple comparism 
test

Discussion
Antioxidant assay

The methanol, ethyl acetate and petroleum ether extracts were 
assessed for their ability to scavenge a stable free radical, DPPH; the total 
antioxidant capacity and the total phenol content were also evaluated.

The DPPH scavenging activity evaluated from the antioxidant 
screening shows that there is a direct relationship between the extract 
concentration and the antioxidant activity as shown in Figure 1. 
Thus, when the extract concentration is increased, a corresponding 
higher antioxidant activity was observed. From the assessment of 
the antioxidant activity of the extracts, it was observed that as the 
concentration of the extracts increased, there was a corresponding 
decrease in the absorbance of the stable DPPH free radicals due to 
the mopping up of the free radicals by the plant extracts. The IC50 
(which is the concentration of the sample needed to decrease the 
initial DPPH by 50%) values obtained were 27.26 μg/mL (ascorbic 
acid, standard drug), 46.98 μg/mL (methanol extract), 132.65 μg/
mL (ethyl acetate extract), and 2784.21 μg/mL (petroleum ether). 
The higher antioxidant activity exhibited by the methanol extract as 
compared to the ethyl acetate may be due to the concentration and 
the type of phytochemical constituents in the extracts. Siddique et al., 
has explained that the variation in antioxidant is due to the nature of 
the phenolic compounds (thus, from phenolic acids to flavonoids) 
and not necessarily the content of phenolic compounds, because the 
activities of phenolic compounds is directly dependent on the chemical 
structure such as the hydroxyl group in the molecules [30]. The low 
antioxidant activity in the petroleum ether extract may be due to the 
absence of flavonoids and tannins (because petroleum ether which is a 
non-polar solvent cannot extract polar compounds) which are known 
to have demonstrated some antioxidant activities [31]. Showed that 
antioxidant activities of medicinal plants are due to the presence of 
phenolic compounds such as flavonoids and tannins [31]. Mensor et al. 
[32], has established that phenolic compounds scavenge free radicals 
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Figure 11: Anti-inflammatory activities of Diclofenac sodium and petroleum ether.
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by breaking the chain of reaction either by the transfer of hydrogen 
atom or using single electron transfer based on the structures of the 
compound, their solubility and coefficient of partition, the bond energy 
of dissociation and the ionization potential of the compounds [32].

The total antioxidant capacity of the extracts (methanolic, ethyl 
acetate and petroleum ether) was conducted to assess their ability 
to reduce Molybdenum (VI) to Molybdenum (V) [33]. The total 
antioxidants capacity of the methanolic, ethyl acetate and petroleum 
ether extracts evaluated were 16.37 mg/g, 12.92 mg/g and 5.87 mg/g 
respectively. From the results obtained, it can be deduced that for every 
1 g of methanolic extract, 16.37% was able to scavenge the free radical 
DPPH, for every 1 g of the ethyl acetate extract, 12.92% of it was able 
to scavenge the free radical, DPPH and for every 1 g of the petroleum 
ether extract 5.87% was able to scavenge the free radical DPPH used 
as compared to the standard drug, ascorbic acid. Report [34], state 
that, medicinal plants with appreciable free radical scavenging abilities 
can be used in the management of oxidative stress related conditions 
in the aged.  Research conducted by states that medicinal plants with 
polyphenols such as tannins, flavonoids, and coumarins demonstrate 
good antioxidants activities [35].

Total phenol content of the extracts (methanolic, ethyl acetate 
and petroleum ether) was assessed based on the extracts (methanol, 
ethyl acetate and petroleum ether) ability to reduce Folin-Ciocalteu 
reagent. The results obtained from the total phenol evaluations from 
the extracts were 23.06 mg/g, 18.26 mg/g and 9.34 mg/g for methanolic, 
ethyl acetate and petroleum ether extracts respectively. It can therefore 
be inferred that, for every 1 g of the methanolic extract measured 
23.05% will react with the reagent Folin-Ciocalteu, for every 1 g of 
ethyl acetate extract taken 18.26% reacted with the Folin-Ciocalteu and 
every 1 g of petroleum ether measured 9.34% reacted with the reagent 
Folin-Ciocalteu as an equivalent to the standard Gallic acid [36]. The 
variations in the results of the total phenol content of the methanolic, 
ethyl acetate and petroleum ether extracts is due to the different abilities 
of the extracts to reduce Folin-Ciocalteu reagent which is a reliable and 
a common reagent used in accessing antioxidant activities.

The correlation between the total antioxidant capacity and the total 
phenol content of the extracts (methanolic, ethyl acetate and petroleum 
ether) was calculated by establishing the correlation coefficient (r) 
of the scatter plots as shown in Figures 4-7 respectively. These were 
0.9943, 0.9938, and 0.9484 for methanolic, ethyl acetate and petroleum 
ether extracts respectively.  From the correlations coefficient values, it 
can be inferred that 99.43% of the total antioxidant activities exhibited 
by the methanolic extract is due to its total phenol content and 99.38% 
of the total antioxidants activities exhibited by the ethyl acetate extract 
is due to its total phenol content and also, 94.84% of total antioxidants 
activities exhibited by the petroleum ether is due to its total phenol 
content. The total phenol content of the extracts is not always directly 
proportional to the total antioxidants activities of the extracts because 
different compounds possess various degrees of antioxidant activities. 
This corresponds with the findings [37], that Total phenol of an 
extract is a crude measure of the total phenolic compounds present 
in the extract and not specific total polyphenol, but many interfering 
compounds that also react with the reagent giving elevated apparent 
phenolic concentrations [37].

In-vivo anti-inflammatory activities

The mean ±SEM and the significance of variations among the 
various concentrations of the extracts (methanolic, ethyl acetate and 
petroleum ether) and the standard drug were established using one-
way ANOVA and Dunnet’s multiple comparism test analysis. From 

the statistical analysis the methanolic extract showed more in-vivo anti-
inflammatory activity, followed by ethyl acetate extract and the least 
activity was observed in petroleum ether extract as shown in Table 8.

The P-values of the methanolic extract at concentration of 300 mg/
kg gave a P˂0.001, and concentration of 100 mg/kg gave P˂0.01 and 
for the concentration of 30 mg/kg gave P˂0.01, while the percentage 
inhibitions of paw size were 59.12%, 54.62%, and 51.55% for 300 mg/
kg, 100 mg/kg and 30 mg/kg respectively as shown in Figure 9.

The therapeutic activities of the ethyl acetate extract gave a P-value 
of P˂0.01 for a concentration of 300 mg/kg and P˂0.05 for 100 mg/
kg and 30 mg/kg with percentage inhibitions of 52.38%, 46.92%, and 
42.34% for 300 mg/kg, 100 mg/kg and 30 mg/kg respectively as shown 
in Figure 10.

The therapeutic activities from the petroleum ether gave a P-value 
of P˂0.05 for 300 mg/kg but did not show any significant differences 
for the concentrations of 100 mg/kg and 30 mg/kg as compared to the 
negative control with the percentage inhibitions of 42.85%, 36.23% and 
20.89% for the concentrations of 300 mg/kg, 100 mg/kg and 30 mg/kg 
respectively as shown in Figure 11.

The standard drug (Diclofenac sodium) at the concentrations 
of 10 mg/kg, 30 mg/kg and 100 mg/kg gave the P-values of P˂0.001, 
P˂0.001 and P˂0.001 respectively and the percentage inhibitions of 
83.67%, 78.34% and 74.54% for 100 mg/kg, 30 mg/kg and 10 mg/kg 
respectively. From the results presented, it can be inferred that the 
anti-inflammatory activities of the extracts are directly related to the 
concentrations of the extracts, thus, the percentage of inhibitions 
increases when the concentration of the extracts increase.

The methanolic extract gave more in-vivo anti-inflammatory 
activities as compared to that of ethyl acetate and petroleum ether 
extracts. The percentage of inhibitions shown by the methanolic 
and ethyl acetate extracts may be due to the presence of flavonoids, 
tannins, anthraquinones, glycosides and saponins while the percentage 
inhibitions exhibited by the petroleum ether might be due to the 
absence of flavonoids, tannins, anthraquinones, glycosides and 
saponins which are known to possess some anti-inflammatory activity 
have shown that, most of the constituents in herbal preparations have 
some form of activity against inflammations reported that, some 
groups of phenolic compounds such as flavonoids and tannins have 
the capacity of inhibiting some mediators of inflammation which help 
in contributing to the fight against inflammations of body tissues [38-
40]. The results obtained from the anti-inflammatory activities of the 
stem bark of Heisteria parvifolia corresponds with the findings of the 
anti-inflammatory activities of flavonoids on the proliferative and the 
exudative stages of inflammations in laboratory rats, especially when 
the flavonoids contain gallotannins and quercitin or quercitin-like 
structures [40]. The anti-inflammatory activity of phenolic compounds 
can also be confirmed by the work of that, phenolic compounds 
such as gallotannins, condensed tannins and flavonoids respond to 
inflammation by blocking cyclooxygenases, cytokines, nuclear factor-
kappa B and metalloproteinases using different mechanisms of action.

From the results of the anti-inflammatory screening, it can be 
observed that at concentrations of 30 mg/kg, 100 mg/kg and 300 
mg/kg, the methanolic extract showed significant activity against 
inflammation and the ethyl acetate at concentration of 100 mg/kg 
and 300 mg/kg showed significant anti-inflammatory activities but 
the petroleum ether at a concentration of 300 mg/kg shows only some 
activity against inflammations.
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