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Abstract:

Background: Fagara zanthoxyloides is a medicinal plant used in traditional medicine for the treatment of
elephantiasis, toothache, sexual impotence, malaria, dysmenorrheal and abdominal pain among rural dwellers.
Objective: To study the In vitro anti-inflammatory and antioxidant activities of methanol extract of Fagara
zanthoxyloides leaves.

Materials and Methods: Methanol extract of Fagara zanthoxyloides leaves were used for this study. In vitro anti-
inflammatory studies were performed for the extract using proteinase inhibition activity and albumin denaturation
inhibition assays, while antioxidant activities were performed by determination of DPPH (1, 1-diphenyl-2-
picrylhydrazyl) scavenging assay and hydrogen peroxide scavenging activity. Aspirin was used as a standard drug
for the anti-inflammatory activity while vitamin C and E were used as standard drugs for the determinationof DPPH
scavenging assay and hydrogen peroxide scavenging activity respectively.

Results: At the concentration of 75 and 100 pg/ml, the methanol extract of Fagara zanthoxyloides showed
significant (p &It; 0.05) inhibition of 39 and 44% of proteinase inhibitory action and, 42 and 63% of albumin
denaturation inhibition activity. In addition, the extract had effective DPPH radical scavenging and hydrogen
peroxide scavenging activities. At a concentration of 80 pg/ml, the extract showed an inhibition of 53 and 77% of
DPPH radical scavenging and hydrogen peroxide scavenging activities respectively.

Conclusion: The present study showed In vitro antioxidant and anti-inflammatory activities of the methanol extract
of Fagara zanthoxyloides which scientifically prove the ethnomedicinal claims.

Keywords: Fagara zanthoxyloides, anti-inflammatory, antioxidant, protease inhibition, albumin denaturation,
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INTRODUCTION:

Inflammation is a complex process, which is
frequently associated with pain and involves
occurrences such as: the increase of wvascular
permeability, increase of protein denaturation and
membrane alteration. Protein denaturation is a
process in which proteins lose their tertiary and
secondary structure by application of external stress
or compounds such as strong acid or base, a
concentrated inorganic salt, an organic solvent or
heat. Most biological proteins lose their biological
activities or functions when denatured. Denaturation
of protein is a well documented cause of
inflammation [1] [2]. Also, neutrophils are known to
be a rich source of serine protease and it was
previously reported that leukocytes protease play an
important role in the development of tissue damage
during inflammatory reactions and significant level
of protection was provided by protease inhibitors [3].
Non-steroidal anti-inflammatory drugs (NSAIDs),
including aspirin, are among the most co mmonly
recommended and prescribed drugs for treating anti-
inflammation in the world. Antioxidants are chemical
compounds that can scavenge free radicals that are
formed in the body due to normal physiological
process. These free radicals initiate a chain reaction
which leads to the formation of various other free
radicals leading to oxidative stress which in turn
results in the production of reactive oxygen species
and reactive nitrogen species causing lipid
peroxidation (LPO) and cellular damage. These free
radicals are also capable of disintegrating various
biomolecules such as nucleic acids, proteins and
lipids. Compounds showing scavenging activities
towards these ROS may have therapeutic potentials
towards inflammatory diseases.

Medicinal plants play an appreciable role in the
development of modern herbal medicines as many
diseases like cancer, liver diseases and arthritis find
no complete cure in allopathy. The bioactive
compounds of medicinal plants are used as anti
diabetic, chemotherapeutic, anti inflammatory, anti
arthritic agents, where no satisfactory cure is present
in modern medicines. Medicinal plants have been
used as dietary adjunct and in the treatment of
numerous diseases without proper knowledge of their
function. Although physiotherapy continues to be
used in several countries, few plants have received
scientific or medical scrutiny [4]. The World Health
Organization (WHO) has listed 21,000 plants, which
are used for medicinal purposes around the World.
Among these 2,500 species are in India, out of which
150 species are used commercially on a fairly large
scale. India is the largest producer of medicinal herbs
and is called as Botanical garden of the World [5].
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Fagara zanthoxyloides, which is the plant of interest
in this study, is a medicinal plant that belongs to the
family of Rutaceae. It is commonly called ‘toothache
bark’ or ‘candle wood’ (English), Orin ata (Yoruba).
It is widespread in the West Tropical Africa
occurring in Savanna and dry forest areas. The plant
is also found in Coastal areas. Fagara zanthoxyloides
is known for its antioxidative, anti-inflammatory,
antisickling, antibacterial, antiviral,
antihepatotoxicity, antiallergic, antitumoral and
antihypertensive properties [6] [7]. The present study
involves the evaluation of the In vitro anti-
inflammatory and anti-oxidant activities of the
ethanol extract of Fagara zanthoxyloides leaves.

MATERIALS AND METHODS:

Collection of plants:

Fresh leaves of F. zanthoxyloides were collected,
from Ugwu-Awgbu in Orumba North Local
Government Area of Anambra State, Nigeria. The
fresh leaves were authenticated by Mr. Alfred Ozioko
of the Bioresources Development and Conservation
Programme (BDCP) Research Centre, Nsukka,
Enugu State.

Preparation of extract:

The plant material was shade-dried with regular
turning to avoid decaying, until crispy. The dried
leaves were pulverised into powdered form using a
mechanical grinder. A known weight of the
pulverized leaves (1.5kg) was macerated in 95%
methanol using a maceration flask. The mixture was
left for 72 hours with occasional stirring, after which
it was filtered into a flat bottomed flask. The filtrate
were concentrated using a rotary evaporator at 45°C
to obtain the crude methanol extract. The
concentrated extract was stored in a labeled sterile
screw-capped bottle at 2-8°C.

Assessment of In vitro anti-inflammatory activity:
Inhibition of albumin denaturation:

According to previously reported protocol [8, 9], with
slight modification. The reaction mixture was
consisting of test extracts and 1% aqueous solution of
bovine albumin fraction, pH of the reaction was
adjusted using small amount of 1N HCI. This mixture
was kept at room temperature for 10 minutes,
followed by heating at 51°C for 20 minutes. The
resulting solution was cooled down to room
temperature and absorbance was recorded at 660 nm.
Aspirin was taken as a positive control. The
experiment was carried out in triplicates and percent
inhibition for protein denaturation was calculated
using:
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Protease inhibition assay:

The test was performed according to the method of
Oyedepo and Femurewas [10] and Sakat et al. [9].
The reaction mixture was containing 0.06 mg trypsin,
1 ml 20 mM Tris HCI buffer (pH 7.4) and 1 ml test
sample of different concentrations (10 — 100 pg/ml).
The mixture was incubated at room temperature for 5
min and then 1 ml of 0.8% (w/v) casein was added.
The mixture was incubated for an additional 20 min.
2 ml of 70% perchloric acid was added to arrest the
reaction. Cloudy suspension was centrifuged and the
absorbance of the supernatant was read at 210 nm
against buffer as blank. The experiment was
performed in triplicate. The percentage inhibition of
proteinase inhibitory activity was calculated.

% Inhibition
_ (Abs control — Abs sample

Abs control

>X 100

Determination of antioxidant efficacy:

DPPH scavenging assay:

The DPPH free radical scavenging assay was
performed by the method of Liyana- Pathirana and
Shahidi [11], 200 pL of 0.1 mM DPPH prepared in
methanol was added to 100 pL of the plant extract.
The resulting mixture was incubated at room
temperature in the dark for 15 minutes. Absorbance
was observed at 517 nm. The experiment was carried

out in triplicates and percentage inhibition of the
DPPH radical scavenging activity was calculated;

% Inhibition

_ (Abs control — Abs sample

X 100
Abs control )

Hydrogen peroxide scavenging activity:
This activity of the plant was evaluated by the
method of Ruch et al. [12]. 850 pL of the aqueous
plant extract was added to 150 pL of 4 mM hydrogen
peroxide solution prepared in phosphate buffer (0.1
M, pH-7.4). This was incubated for 10 minutes, and
absorbance was read at 230 nm. The reaction was
carried out in triplicates. Percent inhibition of the
assay was calculated;

% Inhibition

B (Abs control — Abs sample

Abs control

)X 100

RESULTS:

Effect of methanol extract of F. zanthoxyloides
leaves on Inhibition of albumin denaturation:

The methanol extract of F. zanthoxyloides leaves was
effective at inhibiting albumin denaturation. At a
concentration of 100 pg/ml, there was a non-
significant (p > 0.05) difference between the %
inhibition of the extract and the standard drug which
showed 63% and 68% respectively. However, a
significant (p < 0.05) difference was observed
between the standard drug at 200 pg/ml and the
extract at 100 pg/ml which showed 83% and 63 %
respectively.

Table 1: Effect of methanol extract of F. zanthoxyloides leaves on albumin denaturation

Treatments Concentrations Absorbance % inhibition of albumin
(ng/ml) at 660nm denaturation
Control .. 0.103+0.006" ...
Extract 10 0.090+0.002° 13
25 0.082+0.002¢ 20
50 0.067+0.002¢ 35
75 0.060+0.001¢ 42
100 0.038+0.004° 63
Standard drug 100 0.033+0.007° 68
(Aspirin) 200 0.018+0.0032 83

Data are represented in means + SD; (n=3). Values with different letters as superscripts are significantly different at

P <0.05.
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Effect of methanol extract of F. zanthoxyloides concentration of 100 pg/mL, the extract showed a
leaves on Proteinase inhibition: higher % inhibition of protease activity, 44% when
The methanolic extract of F. zanthoxyloides leaves compared to the standard drug which showed a %
was effective at inhibiting protease activity. At a inhibition of 42% at the same concentration.

Table 2: Effect of methanol extract of F. zanthoxyloides leaves on protease inhibition

Treatments Concentration Absorbance % inhibition of

(ng/mL) At 660nm Protease activity
Control . 2.170+0.600" ...
Extract 10 1.442+0.002° 34

25 1.372+0.0024 37

50 1.345+0.004¢ 38

75 1.32540.002° 39

100 1.207+0.0022 44
Standard drug 100 1.250+0.001° 42
(Aspirin)

200 1.227+0.006° 43
Data are represented in means + SD; (n=3). Values with different letters as superscripts are significantly different at
P <0.05.
DPPH Radical Scavenging Activity of Leaf was a decrease in the mean absorbance value and
Extracts: increase in the percentage inhibition of DPPH radical
From the table below, the plant extract at different scavenging activity with  increased  extract
concentrations (5, 10, 20, 40, 80 pg/ml) inhibited concentration. A standard antioxidant (Vitamin C)
significantly (p < 0.05) oxidative stress caused by followed a similar trend.

DPPH radicals when compared to the control. There

Table 3: DPPH Radical Scavenging Activity of Leaf Extracts

Treatments Concentration Absorbance % inhibition

(ng/ml) At 517nm
Control . 0.979+0.600¢ ...
Extract 5 0.776+0.006¢ 20

10 0.756+0.009¢ 23

20 0.656+0.027¢ 33

40 0.548+0.007° 44

80 0.461+0.0042 53
Standard drug 100 0.534+0.003° 45
(Vitamin C)

Data are represented in means + SD; (n=3). Values with different letters as superscripts are significantly different at
P <0.05.
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Hydrogen peroxide scavenging activity of the leafe
extract:

Table 4 represents the hydrogen peroxide scavenging
activity of the methanol extract of Fagara
zanthoxyloides. The plant extract of different
concentrations (20, 40, 60, 80, 100 pg/ml) protected

significantly (p < 0.05) against H,O- radicals when
compared to the control. A concomitant increase in
percentage inhibition as observed as the
concentration of the extract increased with a decrease
in absorbance. A standard antioxidant followed a
similar trend.

Table 4: Hydrogen peroxide scavenging activity of the leafe extract

Treatments Concentration Absorbance % inhibition
(pg/ml) At 230nm
Control . 0.772+0.002F ...
Extract 20 0.337+0.003¢ 56
40 0.217+0.008°¢ 72
60 0.209+0.004°¢ 73
80 0.139+0.017° 77
100 0.099+0.002? 61
Standard drug 80 0.299+0.022¢ 87
(Vitamin E)
Data are represented in means + SD; (n=3). Values with different letters as superscripts are significantly different at
P <0.05.
DISCUSSION: to control indicates the protein stabilizing activity

In recent years, the search for medicinal plants
possessing  antioxidant and  anti-inflammatory
properties has been on the rise due to their potential
use in the therapy of various chronic and infectious
diseases. Epidemiology and experimental studies
have implicated oxidative cellular damage arising
from an imbalance between free radical generating
and scavenging systems as the primary cause of
cardiovascular, diseases, cancer, aging [13]. Due to
risk of adverse effects encountered with the use of
synthetic agents, medicinal plants may offer an
alternative source for agents with significant anti-
inflammatory and antioxidant activities.

Denaturation of proteins is a well documented cause
of inflammation. Agents that can prevent protein
denaturation, therefore, would be possible candidate
for anti-inflammatory drug development. In the
present study, the protein denaturation bioassay was
selected for in vitro assessment of anti-inflammatory
property of methanol extract of F. zanthoxyloides
with a wide range of dose concentrations. The present
findings exhibited a concentration dependent
inhibition of protein (albumin) denaturation by the
extract throughout the concentration range of 10-100
ug/ml). Aspirin (at the concentration range of 100-
200 pg/ml) was used as the standard drug, which also
exhibited concentration dependent inhibition of
protein denaturation. The increased absorbance in
both the extracts and the standard drug with respect

(denaturation is inhibited) with increased dose. The
plant leaf extracts (at100 pg/ml) and standard drug (at
100 pg/ml) exhibited 63% and 68% inhibition
respectively. This shows a close relationship between
the potency of the extract and the standard drug as an
anti-inflammatory agent. Hence it is obvious, that if
these crude extract is purified, the pharmacological
activity will increase significantly and might even
match those of the standard drug.

As earlier stated in the introduction, neutrophils are
known to be a rich source of serine proteinase and are
localized at lysosomes. It was previously reported
that leukocytes proteinase play an important role in
the development of tissue damage during
inflammatory reactions and significant level of
protection was provided by proteinase inhibitors [3].
Methanol extract of F.zanthoxyloides exhibited
significant anti-proteinase activity at different
concentrations as shown in Table 2. It showed
maximum inhibition of 44% at 100pg/ml, which from
the result was greater than the inhibition offered by
aspirin which showed % inhibition of 42 and 43% at
100pg/ml and 200pg/ml respectively. Though not
reflected in this study, the anti-inflammatory effect of
methanol extract of F.zanthoxyloides may be due to
the presence of active phytochemicals such as
flavonoids and polyphenols [14].

Furthermore, the result of the antioxidant study
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showed that the extract could be an effective
antioxidant from the DPPH and hydrogen peroxide
scavenging activities models. The 1, 1-diphenyl-2-
picrylhydrazyl (DPPH) radical scavenging activity
study shows that the methanol extract of F.
zanthoxyloides leaves has good antioxidant
properties, as there was decrease in the mean
absorbance value and increase in the percentage
inhibition of DPPH radical scavenging activity with
increased extract concentration. The essence of
DPPH method is that the antioxidants react with
DPPH (1, 1-diphenyl-2-picrylhydrazyl) and convert it
to 1, 1-diphenyl-2-picryl  hydrazine  with
discoloration. The reduction capability of DPPH
radical is determined by the decrease in absorbance at
517 nm induced by antioxidants. The experimental
data of the extract revealed that the extract is likely to
have the effects of scavenging free radicals. The
reducing properties are generally associated with the
presence of reductones [15] whose antioxidant action
is based on breaking of the free radical chain by
donating one hydrogen atom [16]. Reductones also
react with certain precursors of peroxide, thus
preventing peroxide formation. The results indicated
that the absorbance value of the methanol extract of
F. zanthoxyloides leaves may be due to presence of
polyphenols, which may act similar to reductones by
donating the electrons and reacting with free radicals
to convert them to more stable product and terminate
free radical chain reaction; the presence of such
compounds in the methanol extract of F.
zanthoxyloides leaves endows it with anti-oxidant
activity, making F. zanthoxyloides leaves a good
antioxidant plant. The antioxidant activity of
phenolics (polyphenols) is mainly due to their redox
properties, which allow them to act as reducing
agents, hydrogen donors, and singlet oxygen
quenchers [17]. This observation on the DPPH
radical scavenging activity of the methanol extract of
F. zanthoxyloides leaves is in agreement with that
Agarwal et al. [18].

H,0; is highly important because of its ability to
penetrate into biological membranes. H,0- itself is
not very reactive, but it can sometimes be toxic to
cell because it may give rise to hydroxyl radicals
(OH) in the cell [19]. Scavenging of H,O by the
extract may be attributed to the phenolics, which can
donate electrons to H,O,, thus neutralizing H to water
(H20) [20]. The results show that the methanol
extract of F. zanthoxyloides leaves had potent H,O;
scavenging activity which may be due to the
antioxidant compounds. As the antioxidant
components present in the extracts are good electron
donors, they may accelerate the conversion of H,O-
to H.O. The results show an excellent inhibition
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percentage which increases as the concentration of
the extract increased, with the standard drug having a
similar increase.

CONCLUSION:

The extract was found to possess radical scavenging
and anti-inflammatory activities as determined by
albumin denaturation, protease inhibition assay,
scavenging effect on the DPPH, and hydrogen
peroxide. Further research on isolating the
responsible components may be undertaken and they
may be incorporated into existing anti-inflammatory
herbal compositions to improve their efficacy.
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