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Abstract

Avocado is an oil-rich fruit pleasant organoleptic characteristic, high nutritional value and health benefits due to its content of
bioactive molecules. The objective of the current study was assessment of the antioxidant, anti-cancer and anti-arthritic
activities of acetogenin-rich extract of avocado pulp. Total phenolic, total flavonoids, fatty acids profile, phytosterols and
hydrocarbons of the extract were determined. Acetogenin was detected using GC-MS. The antioxidant activity of the extract
was determined using DPPH, ABTS and FRAP assay. The cytotoxicity of the extract was assessed in different cancer cell
lines (liver, colorectal and breast carcinoma cells). The anti-arthritic activity of the extract was evaluated in adjuvant induced
arthritis (AIA) model in rats. The results revealed that acetogenin-rich extract of avocado contains phenolic compound
(58.6+0.579 mg GAE/qg extract) and total flavonoids (10.8+0.449 mg QE/g extract). GC-MS analysis revealed the presence of
persediene as one of acetogenin compounds by 1.1% in the extract. The extract possessed antioxidant activity in all the
studied methods and the maximum activity was against ABTS free radical. The IC50 of the extract against hepatocellular
carcinoma cells (HEPG2), breast adenocarcinoma cells (MCF7) and colorectal cancer cells (HT29) was 8.1, 52.1 and 11.3
pa/ml, respectively. The extract showed significant anti-arthritic activity in rats through reduction of inflammation volume,
improvement in the antioxidant status of arthritic rats as observed by reduction of plasma levels of malondiadehyde and
elevation of the antioxidant enzymes (SOD, catalase and glutathione peroxidase) in association with reduction of the
inflammatory marker TNF-a. The extract showed significant improvement in the histopatological studies of the joint tissue of
arthritic rats. In conclusion: Acetogenin-rich extract of avocado pulp can be used as alternative treatment for prevention or
treatment of cancer and rheumatoid arthritis due to its antioxidant and anti-inflammatory activities.
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1. Introduction cancer and RA [5]. RA is an autoimmune disease

Chronic diseases that comprise
Alzheimer’s disease, rheumatoid arthritis (RA),
cancer, cardiovascular diseases (CVD) and diabetes
persists the main reason of mortality and disability
globally and accounting for 60% of all deaths [1].
Oxidative stress is the main root of various chronic
diseases, which arises due to the disturbance in
balance between body’s oxidants and antioxidants
[2]. Inflammation, acute and chronic, also plays an
important role in the development of chronic
diseases [3]. Numerous inflammatory markers are
secreted in chronic diseases such as NF-xB and
inflammatory  cytokines (TNF-a, IL-6) [4].
Oxidative stress (free radicals) is the main effectors
of inflammatory response and both of them enhance
the development of chronic diseases especially

characterized by the production of inflammatory
cytokines, which lead to joint destruction [1]. Till
now all drug used for treatment of chronic diseases
are very expensive and leads to adverse side effects
[6]. So, searching for safe, highly efficacious
natural sources for protection and management of
chronic diseases is a very important goal. Plant
kingdom is the richest source of bioactive
compounds exhibited different health benefits
towards chronic diseases [1].

Avocado (Persea americana Mill. Family
Lauraceae) is an oil-rich fruit. The fruit is pleasant
organoleptic characteristic, high nutritional value
and health benefits due to its content of bioactive
molecules [7]. Avocado pulp is very rich in
unsaturated fatty acids (60% oil, mainly
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monounsaturated fatty acids), vitamin B, C, and E,
and several nutrients such as potassium and dietary
fibers [8]. Avocado oil has sparked a growing
interest in human nutrition, food industry, and
cosmetics [9]. Major bioactive compounds present
in avocado include phenolic compounds (such as
hydroxycinnamic acids, flavonoids and
proanthocyanins), acetogenins, phytosterols,
carotenoids and alkaloids [10, 11]. The bioactive
compounds separated from avocado have a role in
scavenging free radicals [12]. Acetogenins, present
in avocado leaves and fruits, are fatty acid
derivatives contain an odd-carbon aliphatic chain
(17, 19 or 21) and an acetoxy group that contributes
two additional carbons [13]. The objective of the
current study was assessment of the antioxidant,
anti-cancer and  anti-arthritic  activities of
acetogenin-rich extract of avocado pulp. To fulfil
the aim total phenolic, total flavonoids, fatty acids
profile, phytosterols and hydrocarbons of the extract
were determined. Acetogenin was detected using
GC-MS. The antioxidant activity of the extract was
determined. The cytotoxicity of the extract was
evaluated in different cancer cell lines. The effect of
acetogenin-rich extract of avocado pulp against
adjuvant induced arthritis was assessed.

2. Materials and Methods

2.1. Preparation of acetogenin-rich extract
of avocado pulp

Avocado fruits were purchased from local markets
in Egypt. Avocado fruits were washed by tap water,
peeled, sliced into thin slices and freeze-dried. The
freeze-dried sample of avocado fruits pulp was
extracted using acetone for preparation of
acetogenin-rich extract of avocado fruits pulp [13].
The solvent was completely removed by
evaporation under reduced pressure at a temperature
not exceeding 40 °C. Extract were kept in deep-
freeze till used.

2.2. Determination of phenolic compounds
and total flavonoids in acetogenin-rich
extract of avocado pulp

Total phenolics content was  determined
colorimetrically in the acetogenin-rich extract of
avocado pulp using Folin-Ciocalteu reagent [14].
Total phenolic content was expressed as gallic acid
equivalents (GAE) in mg/g sample. Total
flavonoids content of acetogenin-rich extract of
avocado pulp was determined by the aluminium
chloride colorimetric method [15]. The total
flavonoids content was calculated from a calibration
curve, and the result was expressed as mg quercetin
equivalent per g (QE). The results were expressed
as MeanzSD for three replicates.
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2.3. Assessment  of hydrocarbons and
phytosterols contents of acetogenin-rich
extract of avocado pulp

The unsaponifiable fraction of acetogenin-rich
extract of avocado pulp was prepared according to
AOAC [16] to be subjected to GLC analysis of
hydrocarbons and phytosterols.

Hydrocarbons and phytosterols were analyzed by
GLC adopting the following conditions: Column;
10% OV-101 packed column; Stationary phase:
Chromosorb W-HP; Detector temperature: 290°C;
Injector temperature, 28°C; Carrier gas Ny; flow-
rate 30 ml/min; air flow-rate: 300ml/min; H, Flow-
rate 30ml/min; Detector FID; Chart speed: 0.5
cm/min; Oven program: Initial temperature, 70°C;
Final temperature, 270°C; programmed 4°C/min.
For 35min at 270°C, total time, 85 min.
Identification of hydrocarbons and phytosterols
contents of the unsaponifiable matter was carried
out by comparison of their retention times with co-
injected authentic reference compounds.
Quantization was based on peak area integration.

2.4. Assessment of fatty acids of acetogenin-

rich extract of avocado pulp

Fatty acid methyl esters of acetogenin-rich extract
of avocado pulp was prepared according to AOAC
[16] to be subjected to GLC analysis of fatty acids.
Assessment of the methyl ester was carried out by
injecting 2ul into a Hewlett Packard HP-system
6890 gas chromatograph equipped with FID. HP-5
capillary column (30 m x 0.32 mm i.d.; 0.25 um
film thickness) was used to separate the different
methyl esters.  The chromatographic analysis
conditions were: initial temperature 70 °C with a
hold for 1 min, then rose to 120 °C at a rate of 40
°C /min with 2 min hold then the temperature was
finally raised to 220 °C at a rate of 4 °C /min with
another 20 min hold. The injector and detector
temperatures were 250°C and 280 °C respectively.
Identification of the fatty acid methyl esters were
carried out by direct comparison of retention times
of each of the separated compounds with standards
of the fatty acid methyl esters analysed under the
same conditions. Quantization was based on peak
area integration.

2.5. Gas chromatography-mass
spectrometry  (GC-MS) analysis of
acetogenin-rich extract of avocado pulp

Acetogenin-rich extract of avocado pulp was
subjected to GC-MS. The GC-MS analysis were
carried out using gas chromatography-mass
spectrometry instrument stands with the following
specifications, Instrument: a TRACE GC Ultra Gas
Chromatographs (THERMO  Scientific Corp.,
USA), coupled with a thermo mass spectrometer
detector  (ISQ  Single  Quadrupole  Mass
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Spectrometer).The GC-MS system was equipped
with a TR-5 MS column (30 m x 0.32 mm i.d., 0.25
um film thickness). Analyses were carried out using
helium as carrier gas at a flow rate of 1.0 mL/min
and a split ratio of 1:10 using the following
temperature program: 60 C for 1 min; rising at 4.0
C/min to 240 C and held for 1min. The injector and
detector were held at 2100C. Diluted samples (1:10
hexane, v/v) of 1uL of the mixtures were always
injected. Mass spectra were obtained by electron
ionization (El) at 70 eV, using a spectral range of
m/z 40-450. The identification of the chemical
constituents of acetogenin rich extract of avocado
pulp was de-convoluted using AMDIS software
(www.amdis.net) and identified by its retention
indices (relative to n-alkanes C8-C22), mass
spectrum matching to (authentic standards (when
available)., Wiley spectral library collection and
NSIT library database).

2.6. Determination of antioxidant activity of

acetogenin-rich extract of avocado pulp

Antioxidant activity of acetogenin-rich extract of
avocado pulp was assessed on the basis of the
scavenging activity of the stable radicals 2, 2-
diphenyl-1-picrylhydrazyl (DPPH) [17] and 2, 2-
azinobis (2-ethyl-benzolhiaxoline-6-sulfonic acid)
(ABTS) [18]. Also the ferric reducing ability assay
(FRAP) was carried out according to the method of
Benzi et al. [19], with minor modifications to be
carried out in microplates, briefly; A freshly
prepared tripyridyltriazine (TPTZ) reagent (300
mM Acetate Buffer (PH=3.6), 10 mM TPTZ in
40mM HCI, and 20 mM FeCls, in a ratio of 10:1:1
viviv, respectively). 190 pL from the freshly
prepared TPTZ reagent were mixed with 10 pL of
the sample in 96 wells plate (n=3), the reaction was
incubated at room temperature for 30 min in dark.
At the end of incubation time the resulting blue
color was measured at 593 nm. Data are represented
as means + SD of three replicates.
The inhibition % in all the studied methods was
calculated according to the following equation
Inhibition %= [A0 - A1/ A0] x 100.
Where AO was the Absorbance of control reaction
and Al was the Absorbance in presence of test or
standard sample.

2.7. Anticancer activity of acetogenin-rich

extract of avocado pulp

Anticancer activity of acetogenin-rich extract of
avocado pulp was tested using the cell line
technique according to Cordero et al. [20]. Cells of
HEPG?2 (liver carcinoma cell), MCF7 (breast cancer
cell) and HT29 (Colorectal cancer cell) were plated
in 96-multiwell plate (10* cells/well) for 24h before
treatment to be attached to the wall of plate. The
extract was dissolved in dimethyl sulfoxide
(DMSO) at 10 mM as a stock solution. Dilutions
with culture media were prepared just prior to
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addition to test plates. Different concentration of the
extract (0, 0.03, 0.3, 3, 30 and 300 pg/ml) were
added to the cell monolayer, triplicate wells were
prepared for each individual dose of each plant
powder. Plates were incubated for 48h at 37 °C and
in atmosphere of 5% CO,. After 48h, cells were
fixed, washed and stained with Sulfo-Rhodamine-B
stain, then excess stain was washed with acetic acid
and attached stain was recovered with Tris EDTA
buffer. Color intensity was measured in an ELISA
reader. The relation between surviving fraction of
cancer cell and plants powder dose was plotted. 1Csg
(concentration which reduces survival of the
exposed cancer cells to 50%) was obtained from the
curves.

2.8. Animals
Male Wister rats of 147.3 + 4.258g as mean +* SD
were obtained from the animal house of the National
Research Centre, Cairo, Egypt. Animals were kept
individually in stainless steel cages under standard
laboratory conditions (23-25 °C, 12 h light/dark
cycle) and with free access to diet and water. All
animal procedures were performed in accordance
with the Ethics Committee of the National Research
Centre, Cairo, Egypt, and followed the
recommendations of the National Institutes of Health
Guide for Care and Use of Laboratory Animals
(Publication No. 85-23, revised 1985).

2.9. Animals' diet
Balanced diet (12% casein as a protein source, 10%
corn oil, 10% sucrose, 58.5% maize starch, 5%
fiber, 3.5% salt mixture, and 1% vitamin mixture),
salt and vitamin mixtures were prepared in
accordance with AIN-93 [21].
2.10. Evaluation of anti-arthritic effect of

acetogenin-rich extract of avocado pulp
Twenty-four rats were divided into 4 groups each
comprised six rats. Group one was served as normal
control. Group two were served as arthritic control.
Group three and four were given oral dose of
acetogenin-rich extract of avocado pulp as 150 and
300 mg/kg rat body weight for three weeks. All rats
groups were feed on balanced diet all over the study
period. At the second day of study all rats groups
were injected with Freund’s complete adjuvant into
the subplantar region of the right hind-foot paw [22]
except group one which served as normal control.
To increase the severity of arthritis 0.1 ml of
Freund’s complete adjuvant were injected in the
paw at day five from the first injection in all rats
except normal control [23]. The inflamed paws of
all arthritic rats were measured before induction of
arthritis and at the end of study using vernier
calipers. Inflammation volume was calculated for
all arthritic rats by subtracting the foot volume in
the final of the experiment from its volume in the
starting of the induction. Food intake and body
weight of all rats were recorded weekly. Blood
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samples were collected from all rats at the end of
the study after overnight fasting for determination
of plasma tumor necrosis factor-o (TNF-a) (ELISA
kit, Catalogue # SL0722Ra, Sunlong®) an
inflammatory marker and malondialdehyde (MDA)
[24] as indicator of lipid peroxidation. Catalase
activity [25], superoxide dismutase (SOD) (ELISA
kit, Catalogue # SL1341Ra, Sunlong®) and
glutathione peroxisdase (GPx) (ELISA Kit,
Catalogue # SL1033Ra, Sunlong®) were evaluated
as indicator of antioxidant status. Plasma level of
creatinine [26], uric acid [27] and urea [28] were
determined as indicator of kidney function, while
the activity of transaminases [29] aspartate
transaminase (AST) and alanine transaminase
(ALT) were determined as indicator of liver
function.

2.11.  Histopathology studies

Samples were obtained from the rat paw at the end
of the study. Joint tissue was fixed in neutral-
buffered formalin for 48 h at room temperature,
decalcification, embedded in paraffin and then
sections were routinely deparaffinized by normal
method, then cut into 4um —slice and stained with
hematoxylin and eosin (HE) and evaluated for
morphological changes and cellular infiltration [30].
2.12.  Statistical analysis. The results of animal
experiments were expressed as Mean+SE and they
were analyzed statistically using one-way analysis
of variance ANOVA followed by Duncan’s test.

2. Results and Discussion

3.
3.1. Total phenolic content and total flavonoids

of acetogenin-rich extract of avocado pulp
The total phenolic content and total flavonoids of
acetogenin-rich extract of avocado pulp are
presented in Table 1. Acetogenin-rich extract of
avocado pulp contains 58.6+0.579 total phenolic
compounds as mg GAE/g extract and 10.8+0.449
total flavonoids as mg QE/g extract. Avocado fruits
contain 200 mg GAE/100g, this level is a moderate
level of phenolic content according to Dreher and
Davenport [31].

Table (1): Total phenolic and total flavonoids content
of acetogenin rich extract of avocado pulp.

Parameters Acetogenin-rich extract

of avocado pulp

Total phenolic content 58.6+0.579
(mg GAE/g extract)
Total flavonoids (mg 10.8+0.449

QE/ g extract)
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3.2. Fatty acids profile, hydrocarbon
andphytosterols of acetogenin-rich extract of
avocado pulp

Table 2 showed hydrocarbons and phytosterols of
acetogenin-rich  extract of avocado pulp.
Tetracosane (C24) was the highest hydrocarbons
(37.93%) present in the extract, while dodecane
(C12) was the lowest hydrcarbon (0.21%) present in
the extract. Total hydrocarbons were present in the
extract by 79. 06%. Total phytosterols were present
in the extract by 8.63%, whereas stigmasterol was
the highest one (6.92%) followed by B-sitosterol
(1.71%). Phytosterols are one of the most important
classes of unsaponifiable matter components [32].
Nuts and oily seeds are the main source of
phytosterols [33]. Avocados are the richest known
fruit source of phytosterols [34] with about 87
mg/100g [31]. The present results are in agreement
with the results of Law and Alkhalaf et al. [8, 35].
These authors reported the presence of B-sitosterol
and stigmasterol in the unsaponifible matter of the
avocado fruit oil.

Table 3 showed the fatty acids present in
acetogenin-rich extract of avocado pulp. The results
revealed that oleic acid was the major unsaturated
fatty acid it was present by 67.42%, while linolenic
acid (w-3) was the lowest unsaturated fatty acid
(0.92%) present in the extract. Palmitic acid was the
only saturated fatty acid present in the extract by
13.31%. Total unsaturated fatty acids were present
in the extract by 81.91%. It was reported previously
by Alkhalaf et al. [8] that oleic acid was the main
fatty acid present in avocado oil. A typical fatty acid
profile composed of palmitic (C16:0) 10-25%, oleic
(C18:1) 60-80%, linoleic (C18:2) 7-20%, and
linolenic (C18:3) 0.2-1% acids of avocado oil was
observed by some authors [36, 37].

3.3. Gas chromatography—mass spectrometry
(GC-MS) analysis of acetogenin rich extract
of avocado pulp

The results of GC-MS revealed that acetogenin rich

extract of avocado pulp contain persediene

(C21H3604) by 1.1% and it’s appeared at Rt 29.35.

Persediene is one of acetogenin compound which

reported previously in avocado fruit [13].

3.4. Antioxidant activity of acetogenin-rich
extract of avocado pulp

In the present study antioxidant activity of

acetogenin-rich extract of avocado pulp was

assessed using three different methods; DPPH,
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ABTS and FRAP assay (Table 4). The extract
possesses antioxidant activity in all the studied
methods. The extract was highly effective in
scavenging ABTS free radical followed by FRAP
assay. The lowest activity of the extract was against
DPPH free radical. The present results are in
agreement with many previous studied that reported
the highest antioxidant activity of avocado oil
against free radicals [8, 9, 38, 39]. Avocado fruit
has a total antioxidant capacity of 1350 pmol
Trolox Equilvalent (TE) per one-half fruit [31].

Table (2): GLC analysis of hydrocarbons and
phytosterols of acetogenin-rich extract of avocado

pulp

Hydrocarbon & Acetogenin-rich extract
Phytosterols of avocado pulp
Hydrocarbon:
Dodecane (C10) -
Undecane (C11) 0.68*
Dodecane (C12) 0.21
Tridecane (C13) -
Tetradecane (C14) -
Pentadecane (C15) 0.24
Hexadecane (C16) 0.98
Heptadecane (C17) -
Octadecane (C18) 1.21
Nonadecane (C19) 2.00
Eicosane (C20) 13.35
Heneicosane (C21) 13.03
Docosane (C22) 411
Tetracosane (C24) 37.93
Hexacosane (C26) 0.81
Heptacosane (C27) -
Octacosane (C28) 451
Nonacosane (C29) -
Total hydrocarbon 79.06
Phytosterols:
Stigmasterol 6.92
j-Sitosterol 1.71
Total phytosterols 8.63

*: Values are expressed as relative area percentage of total
hydrocarbons and phytosterols.

Table (3): Fatty acids contents of acetogenin-rich
extract of avocado pulp.

Fatty acids *Acetogeni
n-rich
extract of
avocado
pulp
Plamitic acid: C16 (0) 13.31
Oleic acid: C18 (1) 67.42
Linoleic acid: C18(2) 13.57
Linolenic acid:C18 (3) 0.92
Total identified saturated fatty acids 13.31
Total identified monounsaturated fatty acids 67.42
Total identified polyunsaturated fatty acids 14.49
Total identified polyunsaturated fatty acids 81.91

*:Values are expressed as relative area percentage of total fatty
acids.
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Figure (1): GC-MS chart of acetogenin-rich extract of
avocado pulp

Table (4): Antioxidant activity of acetogenin rich
extract of avocado pulp.
Parameters

Acetogenin-rich
extract of avocado
pulp (Mean + SD)

DPPH IC50 (ug/ml) 1150+4.691
ABTS (UM TE /equivalent) 67.13+11.15
FRAP (UM TE /equivalent) 82.86+6.64

3.5.Anticancer  activity of acetogenin-rich
extract of avocado pulp
Table 5 showed the IC50 dose of acetogenin-rich
extract of avocado pulp in different types of cancer
cells. The results revealed that acetogenin-rich
extract of avocado pulp showed anti-cancer activity
against liver carcinoma cells (HEPG2), breast
cancer cells (MCF7) and colorectal cancer cells
(HT29). The IC50 of acetogenin-rich extract of
avocado pulp against HEPG2 cells, MCF7 cells and
HT29 cells was 8.1, 521 and 11.3 pg/ml,
respectively. Cancer represents a serious health
worldwide problem and its incidence is increased in
Egypt and may reach three times starting from 2013
to 2050 [40]. Searching for new cytotoxic
compounds is necessary, especially when come
from natural sources. The cytotoxic effect of
acetogenin-rich extract of avocado pulp may be
attributed to the presence of phenolic compounds,
flvonoids, fatty acids and acetogenin (persediene
C21). It was reported previously that oleic acid and
linoleic acid, which present in the studied extract
possess apoptosis in human colon cancer cells HT-
29 and Caco-2 [41]. Acetogenin showed cytotoxic
activity against different types of cancer cell lines
such as breast, colon, prostate and pancreas [42].
Persin as one of acetogenin compounds inhibited
the proliferation of breast cancer cell lines [43]. An
aliphatic ~ acetogenin  (C17) inhibited the
proliferation of oral cancer cells 83-01-82CA [44].
Phenolic compounds are established to exhibit
potent anti-cancer activities as well as combat
various diseases associated with oxidative stress.
The anti-cancer activity of phenolic compounds is
due to its activity as antioxidant through modulation
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of free radicals, inhibition of oncogenic signalling
cascades, angiogenesis and apoptosis [45].

Table (5): 1C50 of acetogenin rich extract of avocado
pulp in different types of cancer cells.

Cancer cells 1C50 of acetogenin
rich extract of
avocado pulp

(pg/ml)
Hepatocellular carcinoma cells 8.1
HEPG2
Breast Adenocarcinoma cells 52.1
MCF7
Colorectal cancer cells HT29 11.3

3.6. Anti-arthritic activity of acetogenin-rich
extract of avocado pulp

In the present study the anti-arthritic
activity of acetogenin-rich extract of avocado pulp
was assessed in adjuvant induced arthritis in rats,
which is a model mimic to rheumatoid arthritis in
human. Arthritis was induced in rats by injection of
Freund’s Complete Adjuvant (FCA). In many
previous studied a single dose of FCA was injected
in the right hind paw of rats [22, 46-48], in the
present study for increasing the severity of
rheumatoid arthritis two doses of FCA were
injected in the right hind paw of rats in the second
and the six day from the beginning of the study
[23]. Nutritional and biochemical parameters of the
different experimental groups are presented in table
6. Induction of arthritis in rats produced significant
reduction in final body weight, body weight gain in
all the arthritic rats compared with normal group.
Administration of acetogenin-rich extract of
avocado pulp in the low and high dose improved the
reduction observed in the final body weight and
body weight gain in comparison to arthritic control
(Table 6). It was reported previously that AIA lead
to decrease in body weight gain and final body
weight in the arthritic rats [22, 47,48]. Reduction in
body weight of arthritic rats has been attributed to
rheumatoid cachexia that appeared due to the
increase of pro-inflammatory cytokines levels such
as TNF-a and I1L-1p [49]. Spleen weight and spleen
% elevate significantly in arthritic rats compared
with normal rats. Low and high dose of acetogenin-
rich extract of avocado pulp showed significant
decrease in spleen weight and spleen % compared
with arthritic control but still significantly higher
than normal control. The present results are in
agreement with the results of Chen et al. [50].
Spleen is important organ for immune response and
regulation, which acts to produce immune cells and
filters the dead cells [50, 51]. Increase in the organ
index of spleen in arthritic rats could be explained
with the filtration of immune cells along with dead
RBCs and WBCs (Chen et al., 2020).
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In the present study injection of rats with
Freund’s complete adjuvant leads to significant
elevation of the activity of liver enzymes (AST &
ALT) and kidney function indicators (uric acid, urea
and creatinine), respectively compared with normal
rats (Table 6). As shown in table 6 FCA injection
enhances inflammation as shown by elevation of
TNF-a as an inflammatory marker. The antioxidant
status of arthritic rats was significantly disturbed
through elevation of formation of MDA as lipid
peroxidation marker in association with reduction of
plasma levels of antioxidant enzymes (SOD, Gpx
and catalase) compared with normal rats (Table 6).
The results revealed that arthritic rats were under
oxidative stress due to FCA injection. The
administration of high and low dose of acetogenin-
rich extract of avocado pulp significantly reduced
the increase in the liver enzyme, kidney function
indicators. Also significantly improved the
inflammation and antioxidant status of arthritic rats
compared with arthritic control but still higher than
normal control. The high dose of the extract was
superior in all the studied biochemical parameters.

Disturbance in oxidative stress is
considered as major risk in arthritis. Prevention of
the information of oxidative stress has been
reported to improve arthritis in human and animal
models [22, 52, 53]. Hou et al. [54] reported that
FCA injection produces free radical, oxygen and
hydrogen peroxide, which leads to inflammatory
cells such as granulocytes and macrophages.
Inflammation and oxidative stress in the ankle joints
leads to formation of lipid peroxidation [54] as
shown by elevation of MDA which produce
extreme injury in tissues. Inflammation of the cells
leads to release of inflammatory cytockines [55] as
observed in the present study by elevation of TNF-
a. In the present study the reduction in the activities
of antioxidant enzymes may be attributed to
degradation of SOD, inactivation of catalase and
consuming of GPx by hydrogen peroxide and other
free radicals produce during inflammation [56, 57].

In the present research injection of FCA in
rat’s hind paws showed significant increase the
volume of paws of arthritic control (Table 7)
compared with rats given oral administration of the
low and high dose of acetogenin-rich extract of
avocado pulp. The measurement of paw swelling is
clearly easy, critical, and fast process for determine
the degree of inflammation and assessing curative
effects of different treatments.

The injected paws of all arthritic rats were swelling,
redness and erythema compared with the paw not
injected in the same rat. The present research
revealed that both dosses of acetogenin-rich extract



ANTIOXIDANT, ANTI-CANCER AND ANTI-ARTHRITIC ACTIVITIES OF ACETOGENIN-RICH EXTRACT OF AVOCADO ..545

of avocado pulp reduced the inflammation noticed studies results [22, 23, 48], which reported
by changes in inflammatory parameters of significant elevation of injected rats paws volume.
inflammation volume and paw volume. The present

results are in accordance with many previous

Table (6): Nutritional and biochemical parameters of different experimental groups.

- Avocado pulp Avocado pulp
Parameters Normal control Arthritic extract extract
control .
low dose high dose

Initial body weight (g) 147.28 147.32 147.52 147.28
+2.242 +0.954 +1.707 +2.242
. . 182.2b 173.82 181.5° 181.3°
Final body weight (9) +3.102 +1.869 2,029 +2.246
Bod iaht gai 35.0° 26.52 34.0° 34.20
ody weight gain (g) +1.879 +1.176 +1.501 +1.701

Spleen weight (g) 1.082 1.34¢ 1.250 1.210
P gnt (g +0.031 +0.043 +0.071 +0.071
Spleen % 0.5972 0.771¢ 0.692¢ 0.669°
+0.015 +0.026 +0.042 +0.037

8.72 14 .5°¢ 9.3b 9.0
ALT (UN) +1.229 +1.118 +0.667 +0.683

56.82 73.02 59.82 58.02
AST (UN) +2.468 +1.897 +1.536 +2.279
Creatinine (mg/dl) 0.6542 0.792¢ 0.682° 0.675°
+0.025 +0.005 +0.016 +0.014

Urea (mg/dl) 38.12 42.9¢ 39.1° 38.37
+0.60 +0.961 +0.546 +0.791

Uric acid (mg/dl) 2.252 2.4b 2.32 2.282
+0.041 +0.045 +0.033 +0.038

MDA (nmol/ml) 5.892 10.0¢ 7.55¢ 6.97°
+0.319 +0.373 +0.388 +0.365

Catalase (U/L) 876.0d 605.82 761.7° 825.8¢
+6.097 +8.084 +11.375 +11.134

GPx (1U/ml) 48.8P 37.52 43.8° 48.8P
+1.424 +1.668 +1.327 +1.469

SOD (/ml) 11.3d 2.252 8.77° 9.5¢
+0.367 +0.112 +0.272 +0.428

TNF-a (pg/ml) 17.84 40.52 24.2b 22.7°
+1.434 +1.335 +0.477 +0.558

In each row same letters means non-significant difference; different letter means the significance among the tested groups at 0.05 probability.

Table (7): The thickness of the injected foot before and after
21 days of adjuvant arthritis induction of arthritic rats given
acetogenin-rich extract of avocado pulp.

Acetogenin- Acetogenin-
p Arthritic rich extract of rich extract of
arameters
control avocado pulp avocado pulp
low dose high dose
Rat paw 0.3332 0.3172 0.3172
initial +0.011 +0.011 +0.011
Rat paw 0.808¢ 0.508° 0.4332
volume (mm) +0.024 +0.008 +0.011
Inflammation 0.475° 0.192° 0.1172
volume (mm) +0.017 +0.015 +0.011
Inhibition % - 59.6 75.4

In each row same letters means non-significant difference;
different letter means the significance among the tested groups at
0.05 probability.

3.7. Histopathological studies

The results of photomicrographs of rat’s paws
section from different experimental groups are
presented in figures 2 and 3. The results of rat paw
sections from normal control (Figure 2 A, B & C)
showed normal skin (arrow), normal subcutaneous
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tissue (arrow head), normal metatarsal joint (Fig. 2
A), thin epiderm (arrow), normal subcutaneous
tissue (arrow head), normal metatarsal joint (*)
(Fig. 2 B), normal joint with normal synovial
membrane (Sm) of thin synovial cells and normal
bone marrow (Bm) with no leucocytic infiltration or
bone erosions sub (Fig. 2 C). From the
photomicrographs of rat paw sections of arthritic
control (Figure 2 D, E & F) we can noted the
keratinized thick epidermis (*) with underlying
loose subepidermal zone infiltrated by chronic
inflammatory cells (arrow) (Fig. 2 D), the cartilage
damage (c), bone erosion (*), inflammatory cells
(arrow), and bone marrow degeneration (Bm) (Fig.
2 E), sever inflammation with congested blood
vessel (arrows) and leucocytic cells infiltration (*)
(Fig. 2 F). Paws sections of rats given low oral dose
(150 mg/Kg RBW) of acetogenin-rich extract of
avocado pulp (Figure 3 G, H & 1) revealed
regression in the thick epidermis to a normal thin
layer (arrow) (Fig. 3 G), moderate cartilage
regeneration (c), minimal bone erosion (*), focal
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inflammatory  cells  (arrow), bone marrow
regeneration (Bm) (Fig. 3 H), regression in
subepidermal inflammatory reaction to focal
mononuclear inflammatory cells infiltration (*)
(Fig. 3 1). The paws sections of rats administered
with high dose (300 mg/Kg RBW) of acetogenin-
rich extract of avocado pulp (Figure 3 J, K & L)

absence of subepidermal inflammatory reaction (*)
(Fig. 3 K), marked reduction in the inflammatory
cells infiltration, preserved articular cartilage (C),
regular bone marrow (Bm), and reduced synovial
hyperplasia (Fig. 3 L). The present results are in
accordance with the results of many previous
studies [49, 58-60].

showed normal thin epidermis (arrow) and skin
appendages (*) (Fig. 3 J), normal skin layers with

S

—~— e =

Figure (2): Photomicrographs for rat paw section from normal and arthritic control groups.

Figure (2 A): Photomicrographs for rat paw section from normal control group showed normal skin (arrow), normal
subcutaneous tissue (arrow head) and normal metatarsal joint (*), (H&E X200).

Figure (2 B): Photomicrographs for rat paw section from normal control group showed thin epiderm (arrow), normal
subcutaneous tissue (arrow head) and normal metatarsal joint (*), (H&E X200).

Figure (2 C): Photomicrographs for rat paw section from normal control group showed normal joint with normal synovial
membrane (Sm) of thin synovial cells, normal bone marrow (Bm) with no leucocytic infiltration or bone erosions sub, (H&E
X200).

Figure (2 D): Photomicrographs for rat paw section from arthritic control group showed keratinized thick epidermis (*) with
underlying loose subepidermal zone infiltrated by chronic inflammatory cells (arrow), (H&E X200).

Figure (2 E): Photomicrographs for rat paw section from arthritic control group showed cartilage damage (c), Bone erosion
(*), inflammatory cells (arrow), and bone marrow degeneration (Bm), (H&E X200).

Figure (2 F): Photomicrographs for rats paw section from arthritic control group showed sever inflammation with congested
blood vessel (arrows) and leucocytic cells infiltration (*). (H&E X200).
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Figure (3): Photomicrographs for rat paw section from rats given low and high dose of acetogenin-rich extract of avocado pulp.
Figure (3 G): Photomicrographs for rat paw section from rats group given low dose of acetogenin-rich extract of avocado pulp showed
regression in the thick epidermis to a normal thin layer (arrow), (H&E X200).

Figure (3 H): Photomicrographs for rat paw section from rats group given low dose of acetogenin-rich extract of avocado pulp showed
moderate cartilage regeneration (c), minimal Bone erosion (*), focal inflammatory cells (arrow), and bone marrow regeneration (Bm), (H&E
X200).

Figure (3 1): Photomicrographs for rat paw section from rats group given low dose of acetogenin-rich extract of avocado pulp showed
regression in subepidermal inflammatory reaction to focal mononuclear inflammatory cells infiltration (*), (H&E X200).

Figure (3 J): Photomicrographs for rat paw section from high dose of acetogenin-rich extract of avocado pulp showed normal thin epidermis
(arrow) and skin appendages (*), (H&E X200).

Figure (3 K): Photomicrographs for rat paw section from high dose of acetogenin-rich extract of avocado pulp showed normal skin layers
with absence of subepidermal inflammatory reaction (*), (H&E X200).

Figure (3 L): Photomicrographs for rat paw section from high dose of acetogenin-rich extract of avocado pulp showed marked reduction in
the inflammatory cells infiltration, preserved articular cartilage (C), regular bone marrow (Bm), and reduced synovial hyperplasia, (H&E
X200)

4. Conclusion 2. Fonseca L., Nunes-Souza V., Goulart M.,
The present research revealed that acetogenin-rich Rabelo L. Oxidative Stress in Rheumatoid
extract of avocado pulp has antioxidant, anti-cancer Aurthritis: What the Future Might Hold regarding
and anti-arthritic potential and can be used as anti- Novel Biomarkers and Add-On Therapies. Oxid
cancer and anti-arthritic treatment. These activities Med Cell Longev. 2019: 7536805 (2019).
are attributed to presence of many phytochemicals 3. Nasef NA., Mehta S, Ferguson LR.
such as phenolic compounds, flavonoids, acetogenin, Susceptibility to chronic inflammation: an
phytosterols and fatty acids. update. Arch Toxicol. 91(3):1131-41 (2017).
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