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Abstract

This study investigated the potential of Persea americana stem bark for the treatment of inflammation and oxidation in mice.
Oxidative stress occurs in the body when there is serious imbalance between the generation of free radicals and the antioxidant
defense system, inflammation is a natural defense mechanism against pathogens and it is associated with many pathogenic
diseases such as microbial and viral infections, exposure to allergens, radiation and toxic chemicals, autoimmune and chronic
diseases, obesity, consumption of alcohol, tobacco use, and a high-calorie diet. Plants offer significant potentials for
development of new anti-inflammatory therapies and treatment of diseases associated with inflammation and Oxidation. Stem
bark of Persea ameriacna was extracted using EtOH/H,0 (80:20 v/v), the extract obtained was subjected to maceration using 3
different solvents, hexane fraction (PAHF), Ethyl-acetate fraction (PAEF) and methanol fraction (PAMF). The methanol
fraction came out with the highest yield and was used for the animal study, 30 male mice was divided into 3 different groups,
LPS was introduced in one of the groups, PAMF was later administered to the same group, The experiment shows that the
extract was able to demonstrate significant reduction in inflammation and also ameliorate oxidation in mice. In conclusion the
methanolic fraction of Persea americana stem bark might contain beneficial phytochemicals that can be explored as potential
anti-inflammatory and oxidative therapy.
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1. Introduction

Plants have been used by mankind for its therapeutic value.
Nature has been a source of medicinal agents for thousands
of years and an impressive number of modern drugs have
been isolated from natural sources. The plant-based, tradi-
tional medicine systems continues to play an essential role in
health care, with about 80% of the world’s inhabitants rely-

ing mainly on traditional medicines for their primary health
care [2]. Epidemiological and experimental evidence has
shown that oxidative stress is closely related to chronic dis-
eases such as cancer, diabetics and inflammation [11]. Cur-
rently, NSAIDs (non-steroid and inflammatory drugs.) are
some of the most commonly used drugs in the world for the
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treatment of numerous conditions that involve inflammation.
These NSAIDs have adverse effects when used and attention
has been shifted medically to the use of traditional medicine
and natural products used in folklore medicine as potential
alternatives to these drugs, owing to their minimal toxicity
effect in the gastrointestinal tract. It is therefore against this
background that this study investigated the therapeutic po-
tential of persea americana stem bark as alternative for the
treatment of oxidation and inflammation in mice.

Persea americana (Avocado pear) is one of the numer-
ous important plants with antimicrobial properties [4]. The
seed, flower, leaves and stem bark have a useful application
in ethno medicine ranging from treatment of diarrhea, dys-
entery, toothache, inflammation and antimicrobial [1]. Pre-
vious studies on P. ameriacana shows that seeds are rich in
tannin, carotenoids and phenols [3]. The avocado leaves
extract was reported to have antifungal properties and to be
toxic to skin worms [5]. Similarly, P. americana root and
stem bark extract also possess antibacterial activity against
staphylococcus aurens, Escherichia coli. Pseudomonas
aeruginosa, serratia marcescence, enterobacter aregenes
and Klebsellia pneumonia which could cause serious infec-
tions [7].

Antioxidants are substances capable of preventing or
slowing the oxidation of other molecules. They exert their
protective action by suppressing the formation of free radi-
cals [8]. Oxidative stress occurs in the body when there is
serious imbalance between the generation of free radicals
and the antioxidant defense system [9].

Free radical is defined as a reactive molecular species that
contain unpaired electron in their outermost orbital. Free
radical can be formed from molecules by the homolytic fis-
sion of a chemical bond and via redox reactions, which is a
far more common process in biological systems [10]. Usual-
ly free radicals are very short-lived and derived from two
elements: oxygen and nitrogen, thus creating highly reactive
molecules like ROS and RNS.

Inflammation is clinically defined as a pathophysiological
processes characterized by redness, edemia, fever, pain and
loss of function. Currently the use of steroid anti-
inflammatory drugs (SAID) and non-steroid anti-
inflammatory drugs to treat acute inflammatory disorder,
these conventional drugs have not been successful to cure
chronic inflammatory disorder such as rheumatoid arthritis
(AA) and atropic dermatitis (AD) [11]. Non-steroidal anti-
inflammatory drugs (NSAIDs) are group of substances that
relieve pain and fever and reduce inflammation [12]. They
work by blocking a specific group of enzymes called cyclo-
oxygenase enzymes, often abbreviated as COX enzymes.
These enzymes are responsible for production of prostaglan-
dins. Prostaglandins are a group of compounds with hor-
monian effects that control many different processes such as
inflammation, blood flow, and the formation of blood clots.
(MSDs Musculoskeletal disorder) are injuries and disorders
that affects the human body movement or musculoskeletal

system such as muscles, tendons, ligaments, nerver, disc and
blood vessels. Chronic pain as a result of MSDs is a common
reason for consultation in general practice [13]. Diclofenac
was the most prescribe NSAIDs, a significant number of
patients with MSDs reportedly experienced side effects
which were mostly dizziness, abdominal pain, indigestion
and gastric ulcer from NSAIDs. Most of them are not in-
formed or unaware of the side effects [14].

Liver inflammation and oxidative stress significantly con-
tribute to various liver diseases such as nonalcoholic fatty
liver disease (NAFLD), hepatitis, and cirrhosis. Lipopoly-
saccharide (LPS) is a potent inducer of inflammation and
oxidative stress in the liver and is often used as a model to
study liver diseases. However, effective therapeutic interven-
tions to alleviate LPS-induced hepatitis inflammation and
oxidative stress remain limited. Persea americana, common-
ly known as avocado, is known for its potential health bene-
fits due to its rich phytochemical composition, including
bioactive compounds in the bark of its stems. Therapeutic
potential of Persea americana stem bark to alleviate LPS-
induced liver inflammation and oxidative stress in mice pro-
vides an interesting avenue for research and potential clinical
applications.

Liver inflammation and oxidative stress are important fac-
tors in the development of liver diseases, and lipopolysac-
charide (LPS) acts as a reliable trigger of these diseases in
experimental models. Despite extensive research, developing
effective therapeutic strategies to counter LPS-induced hepa-
titis inflammation and oxidative stress remains a challenge.
The aim of this study is to investigate the therapeutic poten-
tial of Persea americana stem bark extract in reducing hepa-
titis inflammation and oxidative stress induced by LPS in
mice.

2. Materials and Methods

2.1. Plant Under Study

2.1.1. Taxonomy

1) Kingdom: Plantae

2) Specie: P.americana

3) Genus: Persea

4) Family: Laurancea

5) Synonyms(s): Laurus persea L, Persea drymifolia
Schlecht, and cham, Persea gatissima Gaertn.f.,

2.1.2. Common Names

1) Amharic: avocado

2) English: alligator pear, avocado-pear, butter fruit
3) Filipino: avocado

4) French: avocet, avocatier, zabelbok, zaboka

5) Current name: Persea americana

6) Authority: Miller
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Figure 1. Diagram of P. americana tree showing the stem bark, leaves, and fruits.

2.2. Sample Collection and Preparation

Fresh stem back of Persia americana was collected from
an uncultivated farm land in Aroje, Ogbomosho in Oyo State
(Latitude 8° 07’ 60.00”N, Longitude 4° 14’ 60.00” E). The
stem back was identified at the Department of Pure and Ap-
plied Biology, Ladoke Akintola University of Technology,
Ogbomoso, with a voucher number (Voucher No. LHO 656)
and deposited in the institution’s herbarium.

2.3. Animal Study

A total number of 30 male mice were purchased at the an-
imal house in university of Ibadan. They were housed with
plastic cages under standard lighting conditions 12 hrs.
light/dark cycles, and allowed free access to tap water and
standard food and acclimatized for two weeks at the animal
house of the department of Biochemistry and are only fed
with pellets and water. After the scheduled period of accli-
matization, the rats were randomly selected for the admin-
istration of test substances into various groups.

2.4. Extraction

The stem was then taken to the laboratory and air-dried at
room temperature for three weeks. The stems were pulver-
ized to increase its surface area and allow a better contact of
the extracting solvents with the sample for effective extrac-
tion.

Extraction was achieved using cold extraction method.
Powdered sample (1000g) was soaked with n-hexane (non-
polar solvent) in a glass jar. The solvent was decanted and
filtered off after 24 hours. The process was repeated three
times to remove chlorophyll and other non-polar compounds.
The defatted sample was then soaked with 80:20 EtoH/H,O
for 24 hours. The supernatant was carefully decanted and the
residue re-soaked with 80:20 EtoH/H,O until 5 L of superna-
tant was obtained. The clear supernatant was thereafter con-
centrated in vacuo at 40°C Ousing a rotary evaporator to ob-
tain a crude extract which was kept airtight in readiness for
maceration. Crude extract (63.92g) was macerated succes-
sively with n-hexane, ethyl acetate and methanol. The meth-
anol fraction represent Persea americana Methanolic Frac-
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tion, henceforth, PAMF.

2.5. Grouping and Treatment Regimen

Thirty (30) male Balb/c albino mice (20-23 g) were divid-
ed into three (3) groups (n = 10 per group) and were treated
as follows:

Group | (Control): Mice in this group were given the vehi-
cle once daily for 7 days; and injected Physiological saline
(2.5 mL/kg intraperitoneally, i.p.) on day 7.

Group Il (Lipopolysaccharide, LPS): Mice in this group
were administered 4 mg/kg LPS i.p. on day 7.

Group I (LPS + PAMF): mice in this group were pre-
treated with 125 mg/kg PAMF once daily for 7 days, and 4
mg/kg LPS i.p. on the 7™ day just before receiving the last
dose of PAMF. The dose of LPS used (4 mg/kg) has been
shown previously to induce hepatic damage and oxidative
stress [15].

2.6. Sacrifice of Animals and Preparation of
Plasma Sample

The animals were first injected with 0.5 ml ketamine, before
they were sedated with chloroform causing muscle relaxation
and unconsciousness. Afterwards, the animals were dissected
with a dissecting scissors or surgical blade. Blood samples were
drawn through cardiac puncture using a syringe. This was then
dispensed into EDTA bottle bottles for hematological assay.

The heparinize bottle carrying the blood sample was cen-
trifuged 4000 rpm for 15 minutes. After centrifuging, the
plasma was extracted into a sample bottle using a pasture
pipette, while the sediment was discarded. The collected
plasma samples were stored at 4°C until assay.

2.7. Tissue Collection and Tissue
Homogenization

Liver was blotted to dry and weighed. Three mice were
subjected to intra-cardiac perfusion, and liver from these
animals were fixed in 10% neutral buffered formalin (NBF)
for histopathology.

Approximately 0.5 g of liver was minced and homogenized
in PBS (10 % w/v). The homogenate was centrifuged at 10
000g for 10 minutes at 4<C. The resulting supernatant was
collected and stored frozen until used for further analyses.

2.8. Anti-oxidant/2,2-Diphenyl-1-picrylhydrazyl
(DPPH assay), 2,2-Azino-bis-(3-
ethylbenzothiazoline-6-sulfonic) Acid
(ABTS Assay) and Nitric Oxide Radical
Scavenging Assay

Various concentrations (1ml) of the methanolic extract
was added to 4 ml of 0.1mmol methanolic solution of DPPH.

A blank probe was obtained by mixing 4 ml of 0.1mmol
methanolic solution of DPPH and 200 i of distilled water.
After 30 mins of incubation in the dark at room temperature,
the absorbance was taken at 515 nm against the prepared
blank. Inhibition of the free radicals by DPPH in percent
(1 %) was calculated using the formular:

(Ablank_Asample)
1(%) =——"—=
(%) Ablank

Ascorbic acid was used as standard control. ICs, denote
the concentration of sample which is required to scavenge
50% of DPPH free radicals.

The antioxidant potential of the stem bark extract was
measured using 2, 2'-azinobis- (3-ethylbenzothiazoline-6-
sulfonic acid), [33]. 0.17mM ABTS, 40ug/ml extract,
25ug/ml ascorbic acid and phosphate buffer (pH = 7.4) were
mixed together, 3.5 ml of the mixture was placed in a UV-vis
spectrophotometer and the absorbance recorded at a wave-
length of 734 nm. The antioxidant potential of the leaf ex-
tract was measured against the standard.

Different concentrations of the extract were prepared for
nitric acid scavenging activity and each one was added to
sodium prusside (10MM) in phosphate buffered saline.
(0.5ml). Ascorbic acid dissolved in methanol (2 ml) was also
added to the mixture and incubated at room temperature for
150 min. 0.5 ml of Griess reagent was added and the absorb-
ance measured at 546 nm.

2.9. Biochemical Analysis

2.9.1. Determination of Plasma Alanine
Aminotransferase, (ALT)

Activity of ALT in the serum was determined using ALT
assay kit according to the manufacturer’s protocol (Fortress®
Diagnostics Limited, Atrim UK).

2.9.2. Estimation of Liver Reduced Glutathione
(GSH)

Reduced glutathione (GSH) was determined in samples
according to [16].

2.9.3. Determination of Liver Superoxide Dismutase,
SOD

SOD activity was determined by the method of Sun and
[17].

2.9.4. Determination of Liver Myeloperoxidase
Activity (MPO)
Myeloperoxidase (MPO) activity, an indicator of poly-

morphonuclear leukocyte accumulation, was determined
according to the modified method of Kim [18].
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2.10. Statistical Analysis

Data are presented as the mean SD of 6 replicates. Analysis
of variance (ANOVA) and Turkey’s test were performed using
Graphpad® Prism 6.0.1 (Graphpad Software, La Jolla, CA).
Statistical significance was based on p values less than 05.

3. Results

The antioxidant activities of garlic acid and PAMF are
presented in Figure 2. The antioxidant activity of garlic acid
shows a steady increase against PAMF which initially reduc-
es, before showing a steady increase and attained maximum
inhibition at concentration of 1501g/I.

The data below as Figure 3, indicate that garlic acid used
as standard maintain a steady inhibition even at different
concentration against the PAMF extract which have a slight
increase and a plate. The extract was able to inhibit at maxi-
mum concentration of 50g/l.

Data presented in Figures 4 and 5 shows a steady increase
in the activity of garlic acid which is used as standard for
both DPPH and ABTS, while the extract was not able to in-
hibit adequate oxidation. However, the extract is not active
against DPPH and ABTS.

Data presented in Figure 6 shows that the Gallic acid was
used as a standard has a constant activity at different concen-
tration, while the extract shows a steady increase in its activi-
ty and a plateau while the extract was able to inhibit at max-
imum concentration of 50/1.
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Figure 2. In-vitro antioxidant activity of PAMF against Nitric ox-
ide, PAMF represent Persea americana methanolic fraction.
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Figure 3. In-vitro antioxidant activity of PAMF against H,0,,
PAMEF represent Persea americana methanolic fraction.
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Figure 4. In-vitro antioxidant activity of PAMF against DPPH,
PAMF represent Persea americana methanolic fraction.
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Figure 5. In-vitro antioxidant activity of PAMF against ABTS,
PAMF represent Persea americana methanolic fraction.

LPO

150 - ) ]
-~ Gallic acid

-= PAMF

1001 oo - * *

0 T T T 1
0 50 100 150 200

Conc (pg/mL)

% Inhibition

Figure 6. In-vitro antioxidant activity of PAMF against Lipid perox-
idation, PAMF represent Persea americana methanolic fraction.

Aspartate  aminotransferase ~ (AST) and  Alanine-
Aminotransferase (ALT) are enzymes found mostly in the
liver, at low quantity. When the body tissue or an organ such
as liver is damaged, additional AST and ALT is released into
the blood stream. The amount of AST and ALT releaseed is
directly related to the extent of damage done to the tissue. So
the data, shows that lipopolysaccharide (LPS) that was intro-
duced causes an increase in the level of AST and ALT respec-
tively, but when the extract was introduced it significantly
alters the injury by reducing the effect of LPS. However, the
extract was able to ameliorate the damage caused to the liver
significantly.
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Figure 7. Protective effect of PAMF on LPS induced increase in
plasma alanine aminotransferase (ALT) activities of mice.

* represent significance difference between control and LPS
# represent significance difference between LPS and LPS+PAMEF.
PAMEF represent Persea americana methanolic fraction
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Figure 8. Protective effect of PAMF on LPS induced increase in
plasma aspartate amino transferase (AST) activities of mice.

* represent significance difference between control and LPS
# represent significance difference between LPS and LPS+PAMEF.
PAMEF represent Persea americana methanolic fraction
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Figure 9. Protective effect of PAMF on LPS induced inflammation
in liver nitric oxide (NO) concentration in mice.

* represent significance difference between control and LPS
# represent significance difference between LPS and LPS+PAMF.
PAMEF represent Persea americana methanolic fraction
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Figure 10. Protective effect of PAMF on LPS induced inflammation
in liver myloperoxidase (MPO) activity of mice.

* represent significance difference between control and LPS
# represent significance difference between LPS and LPS+PAMF.
PAMF represent Persea americana methanolic fraction.

Figures 7 and 8 Nitric oxides play an important role in de-
fense mechanisms, it mediates signaling during several phys-
iological processes and stress response in the cell [32]. From
the data presented in Figure 9, increase in nitric oxides possess
serious threat to the liver and can lead to damage of the tissues
as a result of inflammation, while introduction of the extract
causes a significant alteration by reducing the level of injury
caused by LPS in the tissue.

Myeloperoxidase (MPQO), is white blood cell, derived in-
flammatory enzyme that measures disease activity from the
luminal aspect of the arterial wall. When the artery wall is
damaged, or inflamed, MPO is released by invading macro-
phages where it accumulates [30]. MPO mediates the vascu-
lar inflammation that propagates plaque formation [31] and
activates protease cascades that are linked to plague vulnera-
bility [29]. The data below as shown in Figure 10, shows that
when LPS was introduced, it increases the myloperodase
level significantly but introduction of the extract shows sig-
nificant reduction in the myeloperoxidase level. However,
the extract possesses anti-inflammatory agent.

Malodidehyde (MDA) is the principal and most studied
product of polyunsaturated fatty acid peroxidation, this alde-
hyde is highly toxic molecule and should be considered as
more than just a marker of lipid peroxidation [28]. Data be-
low (Figure 11), show significant increase in MDA level
when treated with LPS which induces oxidative stress, how-
ever, application of the extract significantly altered the stress
by reducing the MDA levels.

Glutathione (GSH) is one of the body most important and
potent antioxidants. Antioxidants are substance that reduces
oxidative stress by combating free radicals in the body. Most
antioxidants are found in foods. However, glutathione is pro-
duced by the body. There was a significant reduction in glu-
tathione level when LPS was introduced compared to the
control level. However, the introduction of extract signifi-
cantly increased glutathione level [26]. Figure 12.
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Figure 11. Protective effect of PAMF on LPS induced oxidation in
liver malondidehyde (MDA) level of mice.

* represent significance difference between control and LPS
# represent significance difference between LPS and LPS+PAMF.
PAMEF represent Persea americana methanolic fraction
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Figure 12. Protective effect of PAMF on LPS induced oxidation in
liver reduced glutathione (GSH) level of mice.

* represent significance difference between control and LPS
# represent significance difference between LPS and LPS+PAMF.
PAMF represent Persea americana methanolic fraction
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Figure 13. Protective effect of PAMF on LPS induced oxidation in
liver reduced superoxide dismutase (SOD) level of mice.

* represent significance difference between control and LPS
# represent significance difference between LPS and LPS+PAMF.
PAMEF represent Persea americana methanolic fraction

Superoxide dismutase (SOD), are group of enzymes that
catalyzed the dismutation of superoxide radicals (O%) to mo-
lecular oxygen (O,) and hydrogen peroxide (H,O,) providing
cellular defense against reactive oxygen species. The data

below Figure 13, shows that there is serious of oxidative
damage is present in the tissue, with these damage, the intro-
duction of the extract alter the damage caused by LPS, which
signify the extract is rich in antioxidants [27].

4. Discussion

The bioactivity of the extracts was determined at concen-
trations of 50 pg/ml, 100 pg/ml, 150 pg/ml, and 200 pg/ml
and expressed as % inhibition. The percent inhibition of ni-
tric oxide (NO), lipid peroxide (LPO), and hydrogen perox-
ide (H,0,) in the extracts showed concentration-dependent
antioxidant activity in the control. The methanolic stem bark
extract of P. americana had a comparable reducing capacity
compared to the scavenging activity of known standards at
all measured concentrations. High antioxidant activity may
be related to the plant's curative or therapeutic potential for
many diseases claimed in ethno-medicine [6].

DPPH is widely used to evaluate the antioxidant activity
of natural products derived from plants and microorganisms
[25]. The results of the present study showed that the in vitro
radical potential of the extract had the highest radical scav-
enging activity with 1Cs, values comparable to known stand-
ards. The higher the DPPH radical scavenging activity, the
lower the ICsy value. Therefore, the results presented here
suggest that the extracts have lower DPPH and ABTSs radical
scavenging activities, which are not significant compared to
the garlic acid standard.

Nitric oxides play an important role in the inflammatory
process, but when concentrations increase they can be direct-
ly toxic to tissues, causing vascular damage and other prob-
lems. This toxicity increases when it reacts with superoxide
radicals to form a second reactive compound, peroxynitrite
anion (ONOOH) [24]. This plant extract inhibits the process
by removing peroxynitrites. P. americana stem bark showed
activity comparable to garlic acid. This activity may be relat-
ed to the presence and concentration of secondary metabo-
lites present in the trunk cortex. Inflammation is a natural
defense mechanism against pathogens, including microbial
and viral infections, exposure to allergens, radiation and tox-
ic chemicals, autoimmune and chronic diseases, obesity,
alcohol consumption, smoking, and high-calorie diets. is
associated with many pathogenic diseases. [23]. To investi-
gate this, we developed a mouse model to test whether lipo-
polysaccharide (LPS)-induced inflammation is altered by
methanol extract from P. americana stem bark. LPS was
chosen as a commonly used stimulus to induce acute in-
flammation in mouse models [21]. LPS signaling may not be
representative of other inflammatory conditions generated by
signaling through other pathogen recognition receptors, but it
does induce predictable cytokine responses and activation
and influx of various cells. It is a well-characterized acute
inflammatory stimulus [22].

Mice injected with LPS experienced an acute pulmonary
and systemic inflammatory state prior to infection and an
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influx of neutrophils into the lungs, which is expected after
an acute inflammatory stimulus such as LPS [19]. These
findings suggest that inflammation induced by LPS can be
ameliorated by P. americana stem bark methanolic extract.
Examples of this in the literature include studies of old mice
with chronic inflammation in both the periphery and the
lungs [20]. Although adaptive immune function was not test-
ed in LPS mice, a reduction in inflammation levels was ob-
served when a methanol extract from P. americana stem
bark was introduced. However, we do not know how LPS
mice were able to maintain their levels of inflammation be-
yond the initial inflammation reduction when our extract was
introduced. This may be due to changes in the cellular profile
during infection or remodeling of lung granulomas. Alterna-
tively, the influx of neutrophils observed in LPS mice may
activate other cells such as dendritic cells, increasing their
effectiveness in keeping extractive levels low. The simplest
explanation could be that LPS and LPS+PAMF have differ-
ent inflammatory loads despite ingesting the same dose of
methanol extract from P. americana stem bark.

5. Conclusion

This study established that the plant offer significant po-
tential for the development of new anti-inflammatory thera-
pies and treatment of diseases associated with LPS induced.
Persea Americana stem bark was able to reduce inflamma-
tion significantly and also ameliorate oxidative stress. Re-
sults from this research validate the ethno-medicinal uses of
Persea americana for the treatment of several inflammatory
ailments by traditional medicine practitioners. Therefore, this
research work is an addition to the world data on natural
product.

6. Recommendation

This study investigated the potential of the stem bark of P.
ameriana for therapeutic usage for the treatment of inflamma-
tion and oxidation in mice. More investigation is required on
other parts of the plant to validate the plant usefulness to man.
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