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Abstract

Background: The present study evaluated the phytochemical profiles, anti-oxidants, antimicrobial, anti-
inflammatory, analgesic, anti-arthritic and wound healing effect of methanol and ethyl-acetate extracts of Azanza
garckeana.

Results: Methanol extract had higher phenol, flavonoids and alkaloids concentrations, ferric reducing antioxidant
power (FRAP) and hydroxyl radical scavenging activities than ethyl-acetate extract. Ethyl-acetate and methanol
extracts had IC50 of 119.40 μg/mL and 133.49 μg/mL respectively against 2,2-diphenyl-1-picrylhydrazyl radical (DPPH)
radicals. The extracts were more active against Klebsiella pneumonia while the least activity was recoded against
Bacillus subtilis with methanol been most potent than ethyl-acetate. The IC50 value of methanol extract in inhibition
of protein denaturation were 310.44 μg/mL and 315.27 μg/mL while IC50 value of 354.74 μg/mL and 349.57 μg/mL
were recorded for membrane stabilization effect in bovine serum albumin (BSA) and egg albumin (EGA) assays
respectively. There was dose dependent in vivo anti-inflammatory and analgesic activities with highest percentage
paw oedema inhibitions of 51.68% and analgesia of 46.36% at 600 mg/kg bw of the methanol extract. The extract
caused dosed independent increase percentage wound closure with percentage wound contraction range
between 65.24 ± 2.46 and 69.68 ± .2.54 compare to untreated wound (15.35 ± 0.35 to 50.35 ± 2.35%).

Conclusion: This study lends pharmacological support to folkloric usage of Azanza garckeana in the treatment and
management of several human disease.
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Introduction
Medicinal plants play a vital function in both development
and production of new drugs [1]. This is also in line with
the report of World Health Organization (WHO), which
indicated that about 80% of global’s population in develop-
ing countries depends on natural products for basic and
primary healthcare need [2]. Furthermore, more than 20%
of conventional and standardize drugs have a phytochem-
ical backbone [1]. Virtually all human diseases including

infectious disease, inflammatory, analgesic, diabetics, mal-
aria, hepatorenal diseases and disease associated with oxi-
dative stress have been treated or manage with medicinal
plants [3–7]. Furthermore, the safety of medicinal plants as
oppose to the undesirable side effect associated with the
use of synthetic drug made medicinal plants a worthy alter-
native to synthetic drugs [8]. The pharmacological activ-
ities of medicinal plants have been attributed to the
presence of secondary metabolites including saponins, phe-
nols, flavonoids, tannins, terpenoids and many more [9].
The emergence and dissemination of multidrug resist-

ant (MDR) strain of pathogenic organism have become a
major threat of public health concern and thus only few
effective antimicrobial agents are available for treatments
of infection diseases [10]. The use of anti-microbial
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agents from natural product would be useful in reducing
the global burden of infectious diseases [11].
Accumulation of free radicals e.g. hydroxyl radicals,

hydrogen peroxide and superoxide anions occur during
excessive oxygen supply or its insufficient reduction dur-
ing aerobic metabolism [12]. The accumulation of these
free radicals leads to oxidative stress which in turn cause
oxidative damage to biomolecules and consequently
plays etiologic role in several metabolic and degenerative
diseases [13]. Phytochemicals have demonstrated a pro-
tective role against the free radicals and reduce the risk
of oxidative stress induced diseases.
The Azanza garckeana (F. Hoffm.) Exell and Hillc

commonly known as Goron Tula, (kola of Tula) in
Hausa, belong to the family Malvaceae. In Nigeria, it is
grown only in Tula village of Gombe State. It is a multi-
purpose edible fruit of tropical Africa. It is an important
medicinal and food plant commonly used in Northern
Nigeria as herbal medicines [14]. Azanza garckeana has
also been reportedly use in traditional medicine for
treatments of management of more than 20 human dis-
eases and ailments. The plant is used as herbal remedy
for diseases like cough, chest pains, infertility, menstru-
ation abnormalities, sexually transmitted infections and
hepatic impairments [15, 16]. Multiple classes of
bioactive metabolites including amino acids, alkaloids,
ascorbic acid, carotenoids, flavonoids, glucosides, phe-
nols, lipids, tannins and saponins have been isolated
from A. garckeana [17]. In the present study, we evalu-
ated the phytochemical profiles and pharmacological
properties of methanol and ethyl-acetate extracts of
Azanza garckeana.

Material and method
Plant collection
The Azanza garckeana were collected from Gombe vil-
lage, in Gombe State, Nigeria in the month of July, 2019.
The plant was identified by a Botanist in the Department
of Biological Science, Ibrahim Badamasi Babangida Uni-
versity, Lapai. Niger State.

Experimental animals
Healthy albino mice and rats were procured from Ani-
mal Breeding unit of Ahmadu Bello University Zaria,
Nigeria. The mice were used for analgesic study while
the rats were used for anti-inflammatory and wound
healing studies. The animals were maintained under
standard laboratory conditions with access to commer-
cial feed pellets (growers) and water ad libitum. Animals
handling and experimentations were in compliance with
internationally standard (NIH Publication No. 85–23,
1985). The animals were fasted 12 h before the com-
mencement of any study.

Chemicals and reagents
Ascorbic acid (Merck Co.), 2,2-diphenyl-1-picrylhydrazyl
radical (DPPH) were product of Sigma-Aldrich Co. All
other chemicals were of analytical grade.

Sample preparation and extraction
The Azanza garckeana fruit sample was air-dried at
room temperature (37 °C) and finally grounded using a
grinder mill. Extraction of the plant materials were car-
ried out with methanol and ethyl-acetate using Soxhlet
apparatus and the resulting extracts were concentrated
using rotary evaporator.

Screening for secondary metabolites
The methanol and ethylacetate extracts of Azanza garck-
eana were analyzed quantitatively for the presence of
some secondary metabolite including alkaloids, tannins,
saponins, phenols, and flavonoids using standard proce-
dures [18–20].

Assay for antibacterial activity
Anti-microbial effect of the methanol and ethyl-acetate
extracts of Azanza garckeana at varying concentrations
(25–100 μg/mL) against Klebsiella pneumoniae, Pseudo-
monas aeruginisa, Bacillus subtilis and Escherichia coli.
Antibacterial activity of the extract was carried out using
agar-well diffusion method as described by Tsado et al.,
[21]. A broth microdilution method [22], was used to
determine the minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC) of the
extract in triplicates.

Antioxidants activities
Methanol and ethyl-acetate extracts of Azanza garck-
eana at varying concentrations (12.5–100 μg/mL) were
evaluated for antioxidants activities using 2, 2′-
diphenyl-1- picrylhydrazyl (DPPH) radical scavenging
assay [23], Fe3+ ion reducing power assay and OH• scav-
enging assay according to the method described by Hal-
liwell and Gutteridge, [24] and Oyaizu [25]. The extract
concentration providing 50% inhibition (IC50) was cal-
culated from the plot of inhibition (%) against extract
concentration. Ascorbic acid at the same concentrations
was used as the reference antioxidants.

Evaluation of in vitro anti-arthritic activity
Antiarthritic activity of the methanol and ethyl-acetate
extracts were evaluated by serum bovine albumin and
egg albumin methods. In each of the models, inhibition
of protein denaturation and effect on membrane
stabilization were evaluated at different extracts concen-
trations (100 – 500 μg/ ml). The protocol described by
Shilpa et al. [26] was the adapted for inhibition of pro-
tein denaturation assay while the method described by
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Anosike et al., [27] were used for membrane stabilization
model. The percentage activity of the extracts in each
model were calculated using the formula below

Membrane stabilization ¼ 100−
Absorbance of test solution � Absorbance of controlð ÞX 100

Absorbance of test solution

Percentage inhibition ¼ absorbance of control � Absorbance of sampleð Þ X100
Absorbance of control

Analgesic activity
Analgesic activity of the extracts at different concentra-
tions (150, 300 and 600 mg/kg bw) were assessed in mice
using acetic acid (0.75% v/v) models by the method of
Koster et al. [28]. Acetyl salicylic acid (150 mg/kg bw) as
reference drug. The number of abdominal constrictions
induced by acetic acid was counted after 5 min. Obser-
vations were made over 10 min and mean value for each
group calculated. Percentage inhibition of abdominal
constriction by the plant extract and acetyl salicylic acid
(ASA) was determined in relation to the control. Acetyl
salicylic acid (ASA) equivalent was also calculated.

Anti-inflammatory activity
The anti-inflammatory activity of the extract was tested
using egg albumin induced paw oedema in rats [29]. The
increase in volume (cm3) of the hind paw was measured
with a LETICA digital Plethysmometer (LE 7500) before
and at 30 min interval after the injection of egg albumin
for a period of 150 min. Control rats received an equiva-
lent amount of normal saline while acetyl salicylic acid
(150 mg/kg bw) served as reference. The percentage in-
hibition of oedema was calculated for each dose.

In vivo wound healing effect
Following diethyl ethe anaesthetized. A full thickness
wound (1.5 × 1.5 cm) was made on a shaved dorsal area.
In vivo wound healing effect of the extract were evalu-
ated by topical administration of the extracts at 150, 300
and 600mg/kg bw in soft paraffin to the rats excised
wound according to the method of Sasidharan et al.
[30]. Tetracycline were used as the standard drug. The
wound area of each animal was measured on days 3, 6,9

and 15 post-surgery. The decrease in wound diameters
during the healing process was measured with an analyt-
ical perimeter. The percentage wound healing was calcu-
lated using equation: [(A0 – At)/A0] × 100 = % of wound
closure. Where A0 is the original wound area, and At is
the area of wound over time.

Statistical analysis
The analysis was performed using SPSS statistical pack-
age for WINDOWS (version 21.0; SPSS Inc., Chicago).
Data were expressed as the Mean ± SEM of three deter-
mination. Results were subjected to ANOVA followed
by DMRT. Statistically significant was consider at p <
0.05.

Results
Phytochemical composition
Phenols is the most abundant phytochemicals in both
methanol (34.32 ± 2.34mg/100 g) and ethylacetate (25.34 ±
0.32mg/100 g) extracts of Azanza garckeana while sapo-
nins (5.43 ± 0.67 and 5.35 ± 0.67mg/100 g) was the least in
both samples respectively (Table 1). Methanol had higher
amount of phenol, flavonoids and alkaloids while ethyl-
acetate had higher tannins.

Invitro antioxidants activities
The methanol and ethyl-acetate extract of Azanza garck-
eana promoted an increase inhibition of the DPPH rad-
ical with increase extract concentrations. Ethylacetate
extract had the least IC50 of 119.40 μg/mL while the

Table 1 Phytochemical composition of methanol and
ethylacetate extracts of Azanza garckeana

Phytochemicals Methanol (mg/100 g) Ethyl-acetate (mg/100 g)

Total phenol 34.32 ± 2.34 25.34 ± 0.32

Total flavonoids 13.45 ± 0.89 7.65 ± 0.24

Tannins 8.65 ± 0.94 15.23 ± 0.67

Alkaloids 43.24 ± 2.95 32.34 ± 3.24

Saponins 5.43 ± 0.67 5.35 ± 0.67

Data are Mean ± SEM of triplicate determination

Table 2 1, 1-Diphenyl-2-Picryl Hydrazyl (DPPH) radical
scavenging activities of Methanol and ethyl acetate extract of
Azanza garckeana

Concentration
(μg/mL)

Methanol extract Ethylacetate extract Ascorbic acid

100 46.61 ± 2.17 a 46.72 ± 0.02 b 93.45 ± 0.56 c

50 40.68 ± 0.02 a 46.60 ± 0.04 b 90.46 ± 0.46 c

25 34.64 ± 0.05 a 39.47 ± 0.10 a 62.45 ± 0.46 b

12.5 38.92 ± 0.24 a 38.32 ± 0.05 a 37.56 ± 0.21 a

IC50 133.49 119.40 18.48

Values are mean ± SEM of 3 determinations. Values along the same row with
different superscripts are significantly different (p < 0.05)

Table 3 Ferric Reducing Antioxidant Activity of Methanol and
ethyl acetate extract of Azanza garckeana whole pulp

Concentration
(μg/mL)

Methanol extract Ethylacetate extract Ascorbic acid

100 0.31 ± 0.02a 0.78 ± 0.00 b 1.98 ± 0.32 c

50 0.28 ± 0.02 a 0.54 ± 0.10 b 1.78 ± 0.02 c

25 0.24 ± 0.01 a 0.32 ± 0.02 b 1.20 ± 0.23 c

12.5 0.13 ± 0.04 a 0.26 ± 0.03 b 0.75 ± 0.03 c

Values are mean ± SEM of 3 determinations. Values along the same row with
different superscripts are significantly different (p < 0.05)
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methanol extract had IC50 of 133.49 μg/mL compare to
ascorbic acid (18.48 μg/mL) (Table 2). Ferric reducing
antioxidant power assay showed that both methanol and
ethyl acetate extracts of Azanza garckeana had ferric re-
ducing antioxidant power that increases with extract
concentration. However, ethyl-acetate extract exhibited
higher FRAP activities than methanol extract (Table 3).
Similarly, the hydroxyl radical scavenging ability of the
methanol extract was found to be higher than that of
the ethylacetate extract (Table 4).

Antimicrobial activities of Azanza garckeana
The diameter of the zone of inhibition of methanol and
ethyl-acetate extracts of Azanza garckeana against the or-
ganism investigated increases as the extracts concentra-
tions increases from 25 μg/mL to 100 μg/mL. The extract
was more active against Klebsiella pneumonia (18.89 ±
0.32mm) while the least activity was recoded against Ba-
cillus subtilis (2.12 ± 0.61mm) at the highest concentra-
tions (100 μg/mL) (Table 5). The MIC of Methanol
extract ranged between 12.5 and 75 μg/mL for methanol
extract and between 50 and 75 μg/mL for ethyl-acetate.
The MBC on the other hand ranged between 12.5 and
75 μg/mL and also between 50 and 100 μg/mL for metha-
nol and ethyl-acetate extract respectively (Table 6).

Invitro anti-arthritic activity
The extract exhibited increase inhibition of protein de-
naturation and increase membrane stabilization effect
with increase extract concentration in both BSA and
EGA models. The IC50 value recorded for the extract in
inhibition of protein denaturation were 310.44 μg/mL

and 315.27 μg/mL in BSA and EGA assays respectively.
The membrane stabilization effect was recorded with
IC50 value of 354.74 μg/mL and 349.57 μg/mL in BSA
and EGA assays respectively (Table 7).

In vivo anti-inflammatory and analgesic activities
There was dose dependent reduction in the paw oedema
in groups treated with the plant extract and standard drug.
The percentage inhibition of paw oedema for the crude
extract were 43.82%, 47.19% and 51.68% at 150, 300 and
600mg/kg bw while diclofenac caused 71.91 paw oedema
inhibition (Table 8). The percentages analgesia of 25.01%,
30.54 and 46.36% at the dose of 150, 300 and 600mg/kg
body weight respectively was observed while the standard
acetyl salicylic acid (ASA) treatment caused percentages
of analgesia 68.66% (Table 9).

Wound healing activities
The percentage wound contraction in both treated and
untreated rats increases with time. Untreated rats had sig-
nificantly the lowest percentage wound closure (15.35 ±
0.35 to 50.35 ± 2.35%). Rats treated with the extract had
percentage wound contraction range between 65.24 ± 2.46
and 69.68 ± .2.54 while rats treated with standard drug
tetracycline had the highest wound closure rate of 31.56 ±
1.24 to 94.24 ± 3.68%. The extract caused dosed independ-
ent increase percentage wound closure (Table 10).

Discussion
Medicinal plants are considered rich resource of bioactive
metabolites with potential for drug discovery and develop-
ment. These bioactive metabolites are of different type,
but the most common of these metabolites are phenols,
alkaloids, flavonoids, glycosides, and terpenes [31]. Gener-
ally, the quality and quantity of secondary metabolites
strongly influence the pharmacological properties of medi-
cinal plants [32]. The phenolic compounds considerably
occur in plant and vary across plant species and parts [33].
The antioxidant potential of medicinal plants has been at-
tributed to the redox effect of phenolic compounds which
scavenge single oxygen, donate proton and act as reducing
agents [34]. In the current study, the total flavonoids and
phenolics detected in methanol and ethyl-acetate extract

Table 4 Hydroxyl radical scavenging activity of methanol and
ethyl acetate extract of Azanza garckeana whole pulp

Concentration
(μg/mL)

Methanol extract Ethylacetate extract Ascorbic acid

100 68.76 ± 2.34 b 57.68 ± 3.24 a 79.45 ± 1.98 c

50 47.68 ± 3.35 b 28.76 ± 1.23 a 65.46 ± 2.46 c

25 25.46 ± 3.45 b 13.45 ± 2.34 a 36.56 ± 1.68 c

12.5 13.35 ± 1.36 b 9.46 ± 1.23 a 22.35 ± 1.23 c

Values are mean ± SEM of 3 determinations. Values along the same row with
different superscripts are significantly different (p < 0.05)

Table 5 Zones of inhibition of methanol and ethyl-acetate extracts of Azanza
Conc
(μg/mL)

E. coli P. aeruginosa K. pneumonia B. subtilis

Methanol Ethyl-acetate Methanol Ethyl-acetate Methanol Ethyl-acetate Methanol Ethyl-acetate

25 2.12 ± 0.40a 1.27 ± 0.22 a – – 5.22 ± 0.18a – – –

50 6.44 ± 0.25 b 5.34 ± 0.28 b – 3.14 ± 0.21a 6.44 ± 0.11 b 2.04 ± 0.03 a – 6.19 ± 0.02 a

75 6.90 ± 0.56 b 7.21 ± 0.71bc 3.18 ± 0.19a 9.05 ± 0.21 b 13.90 ± 0.04 c 5.05 ± 0.41 b 2.56 ± 0.33a 6.82 ± 0.29 a

100 7.25 ± 0.17 b 9.46 ± 0.19 b 7.23 ± 0.67 b 15.17 ± 0.19 c 18.89 ± 0.32 d 8.08 ± 0.20 c 2.12 ± 0.61 a 9.26 ± 0.31 b

Control 16.44 ± 0.25 c 16.44 ± 0.25 c 28.50 ± 0.40 c 28.50 ± 0.40 d 28.00 ± 0.00 e 28.00 ± 0.00 d 16.78 ± 0.67 b 16.78 ± 0.67 c

Values are Mean ± SEM of triplicate determinations. Data followed by different superscript alphabet along the column were significantly different (p < 0.05)
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of Azanza garckeana corresponded with the antioxidant,
antimicrobial and other biological activity observed.
The effect of free radicals in the pathogenesis of infec-

tions and diseases has been documented [35]. The balance
homeostasis between the free radicals and antioxidants
are vital in the defense mechanisms of the body against
these diseases [36]. However, negative shift in favor of the
free radicals may result in oxidative stress that catalyzes
the proliferation of diseases. Literatures indicated that nat-
ural antioxidants can prevent or reverse abnormal health
effect associated with antioxidants and oxidative stress
[31]. With such a scenario, shifting to natural antioxidants
is inevitable. In this study, methanol and ethyl-acetate ex-
tract of Azanza garckeana exhibited noteworthy DPPH
scavenging activities, thus providing scientific validation
for their uses in treatments of various human diseases in
traditional medicine [15]. Based on the IC50 values (Table
2), ethyl-acetate extract was more potent than the metha-
nol extract. This is an indication that the ethyl-acetate ex-
tract of A. garckeana possess higher ability to donate
protons to a free radical and thus could be used as pri-
mary antioxidants since the antioxidant effect of extracts
on DPPH is speculated to be due to their ability to donate
hydrogen to free radicals [35].

Similarly, both extracts exhibited FRAP and hydroxyl
radical scavenging ability with ethyl-acetate extract exhi-
biting higher FRAP activities and methanol extract exhi-
biting higher hydroxyl radical scavenging activities
(Tables 3 and 4). Findings from the present study con-
curred with previous studies [35, 37] which reported that
the FRAP activity from different solvent extracts of me-
dicinal plants was concentration-dependent. Mshelia
et al. [37] also reported that petroleum ether, methanol,
acetone and ethyl acetate stem bark extracts of A. garck-
eana exhibited significant DPPH radical scavenging ac-
tivity with methanol stem bark exhibiting the most
potent effect (IC50 < 100 μg/mL). The ability of plant ex-
tracts to transform Fe2+ to Fe3+ could be attributed to
the presence of hydrophilic polyphenolic compounds in
the extracts.
The interest in the use of medicinal plants as oral rem-

edy for bacteria and infection disease have increase in
recent decades [38]. Although, the antimicrobial activ-
ities of root and stem extracts of A. garckeana have been
study, the fruit extract have not previously been thor-
oughly investigated. Results from the present study indi-
cated that methanol and ethyl-acetate extracts of Azanza
garckeana exhibited significant antimicrobial activity.
The extract was more active against Klebsiella pneumo-
nia (18.89 ± 0.32 mm) while the least activity was
recoded against Bacillus subtilis (2.12 ± 0.61) at the high-
est concentrations (100 μg/mL) (Table 5).
The antibacterial activities of root extract of A. garck-

eana against Enterococcus faecalis, E. coli, S. aureus and
Enterococcus faecium has been reported with minimum

Table 6 Minimum inhibitory and minimum bactericidal
concentration of methanol and ethyl-acetate extracts of Azanza
garckeana against some pathogenic organism

MIC MBC

Test organism Methanol
extract

Ethyl-acetate
extract

Methanol
extract

Ethyl-acetate
extract

Pseudomonas
aeruginosa

75 50 75 100

Bacillus subtilis 75 50 75 75

Klebsiella
pneumoniae

12.5 50 12.5 50

Escherichia coli 25 25 25 50

Table 7 Effect of ethyl-acetate pulp extract of Azanza garckeana
on heat induced protein denaturation

Inhibition of Protein
Denaturation

Membrane
Stabilization
Effect (%)

Concentration
(μg/mL)

BSA Assay EGA Assay BSA Assay EGA Assay

Extract 100 21.20 ± 0.84 23.87 ± 0.35 30.08 ± 0.65 30.56 ± 0.54

200 32.90 ± 0.56 36.71 ± 0.86 35.89 ± 0.48 35.21 ± 0.78

300 50.43 ± 0.37 46.98 ± 0.17 40.98 ± 0.36 41.67 ± 0.26

400 59.89 ± 0.97 61.98 ± 0.98 52.87 ± 0.49 55.65 ± 0.87

500 75.25 ± 0.98 73.87 ± 0.45 65.87 ± 0.67 68.97 ± 0.26

310.44 315.27 354.74 349.57

Diclofenac 100 90.06 ± 0.46 89.05 ± 0.35 83.24 ± 0.79 86.79 ± 0.46

Data are express as Mean ± SEM of three determinations

Table 8 Anti-inflammatory effects of crude methanol extract of
Azanza garckeana against egg albumin induced paw oedema
Vol. of hind paw(cm3) at different times (min)

Treatment Dosage
(mg/kg bw)

30 60 90 120 150 % Inhibition

Azanza garckeana 150 0.58 0.54 0.52 0.50 0.50 43.82

Azanza garckeana 300 0.56 0.50 0.48 0.48 0.47 47.19

Azanza garckeana 600 0.58 0.50 0.48 0.46 0.43 51.68

Diclofenac (150) 150 0.54 0.48 0.40 0.33 0.25 71.91

Normal saline 20 0.77 0.76 0.81 0.85 0.89 –

Table 9 Analgesic effects of crude methanol extract of Azanza
garckeana

Treatment Mean Abdominal
Constriction

% Inhibition

150mg/kg bw Azanza garckeana 28.45 ± 0.57 25.01

300 mg/kg bw Azanza garckeana 26.35 ± 2.35 30.54

500 mg/kg bw Azanza garckeana 20.35 ± 1.89 46.36

150 mg/kg bw Acetyl salicylic acid 11.89 ± 0.67 68.66

Normal saline 37.94 ± 1.34 –

Data are Mean ± SEM of triplicate determination
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bactericidal concentration (MBC) values ranging from
0.89–20 μg/mL [39]. The variation in MIC and MBC
(Table 6) of the plant extracts against the organism is an
indication that methanol and ethyl-acetate extracts of
Azanza garckeana had differing inhibitory activities
against the various microorganisms studied. In agree-
ment with this study, Lalitha and Jayanthi [40] indicated
that biological activity of plant material depend largely
on the type of solvent used in the extraction process.
Therefore, selection of appropriate solvent for extraction
of secondary metabolite for target organism inhibition is
very vital t in the development of antimicrobial drug
from plant origins.
Medicinal plants have been established to assuage

pains and inflammation condition [41]. The present
study revealed dose dependent reduction in the number
of writhes in test animals. The percentages analgesia of
25.01%, 30.54 and 46.36% at the dose of 150, 300 and
600 mg/kg body weight respectively was observed while
the standard acetyl salicylic acid (ASA) treatment caused
percentages of analgesia 68.66% (Table 9). The egg
albumin-induced rats’ paw oedema are sensitive to
cycloxygenase inhibitors and are used to evaluate the ef-
fect of non-steroidal anti-inflammatory agents [42]. In
the present study the dose-dependent beneficial effects
of methanol and ethyl-acetate extracts of Azanza garck-
eana on the inflammatory status observed in treated rats
could be attributed to lowering TNF-α and IL-6 gene ex-
pression, which is correlated with the potent antioxidant
property of the extracts thereby decreasing the activation
of the redox-sensitive NF-κB [43].
Previous studies have also reported that plants rich in

flavonoids, triterpenoids and saponins showed anti-
inflammatory activity by inhibiting synthesis and release
of inflammatory mediators, prostaglandins and polypep-
tide kinins [44]. Therefore, the presence of flavonoids
and saponins in both methanol and ethyl-acetate ex-
tracts of Azanza garckeana may be responsible for its
anti-inflammatory activities via the mechanism stated
above. Furthermore, flavonoids and phenols have been
documented for anti-inflammatory effects via in-
activation of nuclear factor-kappa B and inhibiting the

expression of COX-2, 5-LOX and MMP-9 and other in-
flammatory markers [44].
Rheumatoid arthritis is an autoimmune disorder, pre-

vious studies have indicated the role of oxidative stress
in the pathogenesis of rheumatoid arthritis [45].. Inter-
estingly, methanol extracts of Azanza garckeana exhib-
ited increase inhibition of protein denaturation and
increase membrane stabilization effect with increase ex-
tract concentration in both BSA and EGA models. In
protein denaturation, tertiary and secondary protein
structure are lost by heat, extrinsic stress, strong acid/
base as well as organic solvent [46]. The mechanism of
denaturation comprises variation in electrostatic, hydro-
phobic, hydrogen and disulphide linkage [47]. The plant
extract produces a higher inhibitory percentage of pro-
tein denaturation with IC50 value of 310.44 μg/mL and
315.27 μg/mL in BSA and EGA assays respectively. This
finding indicates the capability of the extract to amelior-
ate the denaturation of protein (albumin). The plant ex-
tract also exhibited an acceptable dose dependent
membrane stabilization effects with IC50 value of
354.74 μg/mL and 349.57 μg/mL in BSA and EGA assays
respectively (Table 7). The membrane stabilizing effect
of the extract observed in this study, could be associated
with its ability to interfere with the release of neutrophils
lysosomal content [48]. Protective effect on erythrocyte
lysis could possibly be acknowledged as an explicit indi-
cator of anti-arthritic activity of the extracts [49].

Conclusion
This study lends pharmacological support to reported
folkloric usage of Azanza garckeana (Goron Tula) in the
treatment and management of several human disease. It is
plausible that Azanza garckeana has been observed to
exert significant antioxidants, antimicrobial, analgesic,
anti-inflammatory, anti-arthritic and wound healing effect
in experimental studies. Furthermore, methanol extract
has been avowed to be most potent. Though, the exact
mechanism of activities were not identified, its beneficial
effects could possibly be correlated with the presence of
important bioactive metabolites particularly phenols, alka-
loids and flavonoids identified in the current study.

Table 10 Percentage wound contraction in rats post infliction of excision wounds

Treatment periods (Days)

3 6 9 12 15

Negative Control 0 0 15.35 ± 0.35a 34.35 ± 1.345a 50.35 ± 2.35a

150 mg/kg bw A. garckeana 13.00 ± 0.24a 31.46 ± 0.34a 46.76 ± 2.35b 56.67 ± 2.45b 69.68 ± .2.54b

300 mg/kg bw A. garckeana 28.00 ± 1.23c 42.46 ± 1.24 b 50.32 ± 2.06b 59.36 ± 1.34b 67.24 ± 4.67b

600 mg/kg bw A. garckeana 19.45 ± 0.46b 34.27 ± 2.34c 46.78 ± 4.56b 54.76 ± 2.46b 65.24 ± 2.46b

Tetracycline 31.56 ± 1.24 c 50.32 ± 1.35d 65.24 ± 3.46c 81.34 ± 4.65c 94.24 ± 3.68c

Data are express as Mean ± SEM of three determinations. Values along the same column followed by different superscript alphabet were significantly
different (p < 0.05)
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