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ABSTRACT

ARTICLE INFO

Inflammatory diseases such as arthritis, rheumatoid or non-rheumatoid joint
inflammations are dominant among people all around the world. Plant-
derived anti-inflammatory drugs are widely used against these disease
conditions. This study investigated the in-vitro anti-inflammatory activity of the
aqueous methanol and butanol extracts of Persea americana fruit peel. Three
different concentrations of test samples: 10, 20 and 40 mg/ml from the
concentrated methanol extract (ME) and butanol extracts (BE) were
evaluated in vitro by albumin denaturation, heat induced hemolysis, anti-
proteinase action, anti-lipooxygenase spectrophotometric assay methods
using aspirin as a reference drug. Results showed that at sample
concentrations of 10, 20 and 40 mg/ml, the inhibition of albumin denaturation
by the ME and BE were in the range 26.826-51.471 % and 40.329- 54.797 %
respectively. The inhibition of heat-induced haemolysis by ME at the same
concentrations was in the range 30.252-44.727% and 34.52-49.897% for BE.
Anti-proteinase inhibitory activity for ME was within the range of 17.073-52.1
20% while 31 .781-37.01 4% was for BE. In all four assays, the BE elicited a
relatively higher inhibitory activity than the ME. These suggest that the fruit
extract possesses anti-inflammatory properties which may be attributed to
the occurrence of bioactive compounds in the fruit peel.
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INTRODUCTION

much interest in the discovery and development of novel drug

Nature has provided mankind with plethora of herbs for molecules which points to presence of phytoconstituents [1].
prevention and treatment of different ailments. Since time According to W.H.O reports, nearly 80 % of the World’s
immemorial, plants were used by different tribes to treat several population depends primarily on medicinal plants for their basic
diseases due to their availability and effectiveness coupled with health care needs[2]. Medicinal plants contain reservoirs of
low toxicity index [1]. Hence, medicinal plants have gained potential bioactive metabolites that are the major sources of
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drugs, which intensifies the interest of global pharmaceutical
industries in the search for substances obtained from plant
sources, particularly as great majority of species have not been
studied chemically or biologically [3] for specific ailment.
Inflammation is a protective response purposely to get rid of
organisms that cause injury and the consequence of the injury;
as such without inflammation, infection will continue developing,
wounds will not heal and the injured organ will continue
suppurating. In the process to inactive or eliminate the invading
stimuli or organisms and set the stage for tissue repair, orthodox
drugs are usually administered. Most of the orthodox drugs
used in treating inflammatory condition, non-steroidal anti-
inflammatory drugs (NSAID), have several adverse effects,
especially gastric irritation, leading to the formation of gastric
ulcers [4] and bleeding or perforation of gastro duodenal tract
[6]. Therefore, the search for natural product based anti-
inflammatory agent has increased greatly over the years.
Persea americana (Avocado pear), belonging to the family of
Lauraceae is a berry from a tree containing pericarp with skin
(exocarp), edible part (mesocarp) and a big seed having
covering layer at the center. It has a high nutritional and
phytochemical content [6] When compared to other tropical fruit
peels (banana, melon, passion fruit, papaya, pineapple and
watermelon), avocado dried peel has the highest total phenolic
content and the raw peel of the fruit presents the highest
flavonoid content [7]. Furthermore, dried avocado peel shows
the highest antioxidant activity with the comparison of the peels
of other fruits [7]. Previous studies have reported that avocado
peel contains more than 30 individual phenolic compounds and
high polymeric compounds which can be extensively
categorized into 3 groups; hydroxycinnamic acids, flavonols
and flavan-3-ols. The oligomers and polymers, known as
procyanidins, are one of the largest phenolic compounds in the
food products which have been studied to propose prevention
of cancer, inflammation and some chronic diseases [8, 9]. It was
reported that the procyanidin level of avocado peel is
comparable to the one determined in natural cocoa powder
which have been declared to have great procyanidin amount.
Dried peels of avocado were used to produce a novel functional
beverage. Avocado peel activated carbon (APC) is reported to
be a promising cheaper alternative to high-priced activated
carbon as the adsorption capacity of APC was comparable to
the commercial ones [9]. These previous reports and more on
avocado pear, has recently drawn more attention on extensive
investigation of the fruit. P. americana fruits as rich in
polyphenols, anti-oxidant vitamins and has anti-inflammatory
properties as well. Though this fruit has been studied for its
antioxidant activities [10] studies on the evaluation of its anti-
inflammatory properties have not been reported extensively.
Therefore, the present study was conducted to evaluate the in-
vitro anti-inflammatory activity of P. americana fruit.

MATERIALS AND METHODS

Materials

Methanol and Butanol, (Sigma Aldrich Germany), HCI (1 M,
pH7.4), (Alpha), Chemika Mumbai), Borate buffer (2M, Ph9.0)
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(Krishna Chem Industry), Butylated hydroxytoluene (Seidler
Chemical Co), Perchloric acid (Mercki), Bovine albumin fraction
(1 50mM, pH5.2) (Bayer AG), 1 ml of 1 0% RBCs, (A&Z group
Co. LTD), Aspirin (Bayer AG), Trypsin (0.06mg) (Barentzi),
Linoleic acid solution (Quanghua Sci-Tech Co LTD), Vanillin
reagent (A&Z group Co. LTD) Folin-Ciocalteau (Mercki),
Distilled water Beaker, Volumetric flask,, Filter paper, Oven,
Incubator (Duran Group GmbH),, Spectrophotometer, (Model
371, Elico India Ltd ) Water heater, Measuring cylinder, Pipette,
Centrifuge, Gloves, Conical flask, Spatula (Swastik Scientific
Instruments),

Collection and Preparation of Sample

The avocado pears fruit used for the study was obtained from
Eke Awka market in Awka Town, Anambra State, Nigeria in
2022. The plant part with voucher's No, NAUH No 219A was
authenticated by the Taxonomist in charge of herbarium unit of
Department of Plant Science Nnamdi Azikiwe University Awka.
The unripe fruits were kept at room temperature in moisture-
free environment to ripe. The rind was removed, washed and
dried under shade for two weeks. The dried material was
pulverized into powder and put in an air tight container till further
analysis.

Extraction

Ten grams (10 g) of the sample was weighed separately and
transferred into two different 250 ml beakers. Then, 80 ml each
of methanol and butanol was added to the sample and shaken
vigorously for a few minutes. The samples were then allowed to
stand for 24 hours for extraction. After the 24 hours the mixture
was filtered and concentrated using rotary evaporator at 40
degree centigrade to obtain the methanol extract and butanol
extract respectively. The extracts were then put in the
refrigerator before being used for analysis.

Inhibition of Albumin Denaturation

Bovine serum albumin [11] were used as protein. Denaturation
of protein was induced by keeping the reaction mixture at 70°C
in a water bath for 10 minutes according to Sakat et al. [12] with
minor modifications. The reaction mixture consisted of test
extracts and 1 % aqueous solution of bovine albumin fraction,
pH of the reaction mixture was adjusted to 7.4 with 1 M HCI.
The sample extracts were incubated at 37 °C for 20 minutes and
then heated for 20 minute. After cooling the samples, the
turbidity was measured at 660 nm using UV Visible
Spectrophotometer. Aspirin was used as a standard drug and
the positive control (blank) is methanol. The experiment was
performed in duplicate. Percentage inhibition was calculated
using Equation 1.

% Inhibition =
Absorbance (blank)—Absorbance (sample)
Absorbance (blank)

Heat-induced Haemolysis
Heat induced haemolysis was studied by the standard method
as described [13. 14] The reaction mixture (2 ml) consisted of 1
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ml test sample of different concentrations (100 - 500 pg/ml) and
1 ml of 10% red blood cells suspension, instead of test sample
only, saline was added to the control test tube. Aspirin was used
as a standard drug. All the centrifuge tubes containing reaction
mixture were incubated in water bath at 56 °C for 30 minutes
and cooled under running tap water. The reaction mixture was
centrifuged at 2500 rpm for 5 minutes and the absorbance of
the supernatants was taken at 560 nm. The experiment was
performed in triplicates for all the test samples and percentage
inhibition calculated using Eqn. 1

Antiproteinase Action

The antiproteinase assay was performed according to the
modified method [14, 15].The reaction mixture (2 ml) contains
0.06 mg trypsin, 1 ml 20 mM Tris HCI buffer (pH 7.4) and 1 ml
test sample of different concentrations. The mixture was
incubated at 37 °C for 5 minutes and then 1 ml of 0.8 % (w/v)
casein was added. The mixture was incubated for an additional
20 minutes. Then, 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. Aspirin was used as a standard drug. The
experiment was performed in duplicate. The percentage
inhibition of proteinase inhibitory activity was calculated using
Eqn. 1.

Anti-lipoxygenase Activity

The anti-lipoxygenase activity test was performed according to
the standard method [14] and was studied using linoleic acid as
substrate and lipoxidase as enzyme. Test samples were
dissolved in 0.25 ml of 2 M borate buffer pH 9.0 and added 0.25
ml of enzyme solution (20,000 U/ml) and incubated for 5
minutes at 25 °C. After this, 1 ml of linoleic acid solution (0.6
mM) was added, mixed well and absorbance was measured at
234 nm. Aspirin was used as reference standard and
percentage inhibition was calculated using Eqn. 1.

Statistical Analysis

Results of the study were expressed as mean # standard
deviation (Mean £ SD). Comparison of all the tested parameters
among groups and statistical significance was determined by
one way ANOVA and a 2 sided Dunett post hoc comparison
test. The results were considered significant when p< 0.05

RESULTS

Inhibition of Albumin Denaturation

The percentage inhibition of albumin denaturation on the
methanol and butanol extracts of P. americana fruit peel was
compared with standard drug in Table 1. The result reveals that
there was a significant reduction in the mean percentage
inhibition of all the groups treated with the different
concentrations of the methanol and butanol extract of the plant
when compared to the standard control group that was treated
with the standard drug (aspirin) at p<0.05 level of significance.
Thus, the group that received the standard drug significantly
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inhibited albumin denaturation higher than the samples that
received the plant extracts. Therefore, there is evidence to show
that the sample treated with the 40 mg/ml of the standard drug
inhibited albumin denaturation better when compared to other
samples that received the different concentrations of the
methanol and butanol extract of the plant.

Heat-induced Haemolysis

The percentage inhibition of heat-induced hemolysis of
methanol extract and butanol extract was also compared with
the standard drug as presented in Table 2. The results reveals
that there was a significant reduction in the mean percentage
inhibition of heat induced hemolysis of all the groups treated
with the different concentrations of the methanol and butanol
extract of the plant when compared to the standard control
group that was treated with the standard drug (aspirin) at p<0.05
level of significance. Thus, the group that received the standard
drug significantly inhibited lysis of haemoglobin higher than the
samples that received the plant extracts.

Anti-proteinase Action

The percentage inhibition of anti-proteinase action of the
methanol and butanol extracts of P. americana fruit peel
compared with the standard drug was shown in Table 3. The
result in Table 3 reveals that there was a significant reduction
in the mean percentage inhibition of all the groups treated with
the different concentrations of the methanol and butanol extract
of the plant when compared to the standard control group that
was treated with the standard drug (aspirin) at p<0.05 level of
significance. Thus, the group that received the standard drug
significantly exerted higher anti-proteinase action than the
samples that received the plant extracts.

Anti-lipooxygenase Activity

The percentage inhibition of anti-lipooxygenase of the methanol
extract and butanol extract were compared with the standard
drug as presented in Table 4. The result reveals that that there
was a significant reduction in the mean percentage inhibition of
all the groups treated with the different concentrations of the
methanol extract and butanol extract of the plant when
compared to the standard control group that was treated with
the standard drug (aspirin) at p<0.05 level of significance. Thus,
the group that received the standard drug significantly exerted
higher anti-lipoxygenase action than the samples that received
the plant extracts.

DISCUSSION

The comparison of percentage inhibition of albumin
denaturation on the methanol and butanol extracts of P.
americana fruit peel with standard drug showed that the extracts
were able to inhibit albumin denaturation in a concentration-
dependent manner. The ranges are 26.83-51.47% for methanal
extract and 40.33-54.80% for butanol extract at the
concentrations 10.00-40.00 mg/ml for each of the extract. The
inhibition rate of egg albumin denaturation for both the methanol
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extract and butanol extract increased gradually with
concentration. At the concentration of 40.00 mg/ml, the

Table 1: Effect of methanol and butanol extract on albumin
denaturation

Sample Concentration % Inhibition
(mg/ml)

Methanol extract ~ 10.00 26.83 £ 1.09*
20.00 42.16 £ 0.53*
40.00 51.47+£0.72*

Butanol extract 10.00 40.33 + 2.85*
20.00 4216 £ 0.01*
40.00 54.80 £ 1.63"

Aspirin (Standard)  40.00 72.87 £0.93

Values are expressed as mean * standard deviation of
duplicate determination. Significant difference is set at *p<0.05
when compared with standard control group one-way, ANOVA
followed by 2 sided Dunnett post hoc comparison test.

Table 2: Effect of methanol and butanol extract on heat
induced hemolysis

Sample Concentration % Inhibition
(mg/ml)

Methanol extract  10.00 30.26+0.93*
20.00 40.66+0.58*
40.00 44.73+0.07*

Butanol extract 10.00 34.53+0.27*
20.00 44.66+0.56*
40.00 49.90+0.44*

Aspirin 40.00

(Standard) 56.65+0.66

Values are expressed as mean * standard deviation of
duplicate determination. Significant difference is set at *p<0.05
when compared with standard control group one-way, ANOVA
followed by 2 sided Dunet poc hoc comparison test.

inhibitory effect of butanol was 75.19% while that of methanol
extract was 70.62% as efficient as the standard drug (aspirin),
which is in tandem with previous works done [16]. Significantly
(p<0.05) higher inhibition was observed in the butanol extract
than the methanol extract at the concentration of 40 mg/ml as
shown in Table 1. This could be probably due to its much
phenolic compounds and antioxidant capacity [17].
Denaturation of protein causes the production of auto antigens
in conditions like rheumatic arthritis, cancer and diabetes which
are conditions of inflammation. Hence, by inhibition of protein
denaturation, inflammatory activity can be inhibited [17].

The anti-inflammatory activity of the extract showed a good
protective effect of RBCs against heat solution induced
haemolysis. It is a confirmation of a previous study on avocado
peel extract used to inhibit the release of the pro-inflammatory
TNF-a and the inflammation mediator nitric oxide [18, 19].
Neutrophils are known to be a rich wellspring of serine
proteinase and are delimitated at lysosomes. It was recently
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revealed that leukocytes proteinase assumes a significant role
in the improvement of tissue harm during inflammatory
responses and a huge degree of defense was given by

Table 3: Effect of methanol and butanol extract on anti-
proteinase action

Sample Concentration % Inhibition
(mg/ml)

Methanol extract ~ 10.00 17.08+1.14*
20.00 23.99+1.36*
40.00 52.13+0.36*

Butanol extract 10.00 31.78+1.46*
20.00 39.39+1.27*
40.00 37.02+1.28*

Aspirin 40.00

(Standard) 71.18+0.64

Values are expressed as mean * standard deviation of
duplicate determination. Significant difference is set at *p<0.05
when compared with standard control group one-way, ANOVA
followed by 2 sided Dunet poc hoc comparison test.

Table 4: Effect of methanol and butanol extract on anti-

lipoxygenase activity

Sample Concentration % Inhibition
(mg/ml)

Methanol extract  10.00 20.03+1.53*
20.00 36.60+1.72*
40.00 49.30£0.28*

Butanol extract ~ 10.00 29.93+0.04*
20.00 43.11+1.30*
40.00 45.58+2.44*

Aspirin 40.00

(Standard) 80.05+0.45

Values are expressed as mean * standard deviation of
duplicate determination. Significant difference is set at *p<0.05
when compared with standard control group one-way, ANOVA
followed by 2 sided Dunet poc hoc comparison test.

proteinase inhibitors [20, 21]. Proteinases of leukocytes
assume a critical job in the advancement of tissue harm during
incendiary procedures. As indicated by previous work [21], a
critical degree of protection was given by proteinase inhibitors.
P. americana displayed significant anti-proteinase action at
various concentrations The methanol extract demonstrated
maximum inhibition of 52.13 % at 40 mg/ml when compared
with the standard drug which demonstrated the greatest
inhibition (71 .18 %) at same concentration. The findings of this
study demonstrate that P. americana extract displayed
significant anti-proteinase action at different concentrations
when contrasted with the standard drug.

Lipoxygenases are the key catalysts in the biosynthesis of
leukotrienes which assume a pivotal role in diverse
inflammatory ilinesses such as joint pain, asthma, malignancy
and unfavorably susceptible ailments [22]. It was observed from
the result that the methanol extract exhibited more anti-
lipooxygenase activity than the butanol extract. Past
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investigations have also demonstrated that a few herbs have
high lipooxygenase inhibitory action, for example Leptadenia
pyrothecnica [22] These outcomes propose that P. americana
has a conceivably high antiinflammatory potential, which may
be identified with the polyphenolic constituents of the extracts.
The extracts of P. americana fruit peel are a potential source of
natural antioxidants and could serve as an effective free radical
inhibitor [23]. Hence, P. americana might be a good plant-
based pharmaceutical product for several diseases caused by
free radicals.

CONCLUSIONS

In conclusion, the present results show that extracts of P.
americana may have anti-inflammatory effects at varying levels.
It is also very possible that these anti-inflammatory activities
may be due to the occurrence of bioactive compounds like the
phenolic compounds and flavonoids. This finding supports the
use of the peel of P. americana in the traditional medicine for
the treatment of inflammation.
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