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ABSTRACT

Objectives: Prostate cancer is the second most common cancer in men. So, this work aims to study the effect of avocado seeds
aqueous extract in the protection and treatment of the histopathological changes that happened in experimentally induced
prostate cancer rat model.

Material and Methods: Eighty (80) adult male albino rats of Wistar strain were divided randomly into 5 groups: Group I:
Control group (n= 10) and was subdivided into subgroups IA and IB. Group II: Aqueous extract of avocado seeds (n=10):
received aqueous extract of avocado seeds (500 mg/kg/day orally) for 10 weeks. Group III: Prostate cancer group (n=20).
Group IV: Protected group (n=20): received aqueous extract of avocado seeds (500 mg/kg/day orally) for 10 weeks then
prostate cancer was induced. Group V: Treated group (n = 20): Prostate cancer was induced first and rats with prostatic specific
antigen (PSA) more than 20 ng/ml were selected and received aqueous extract of avocado seeds (500 mg/kg/day orally) for
further 10 weeks. Then the ventral prostate lobes were subjected to biochemical, histopathological, immunohistochemical,
morphometric, and statistical analysis.

Results: Avocado seeds aqueous extract significantly protected against the prostate cancer as the protected group showed
marked histological improvements and significant (»<0.001) decrease in the PSA, Interleukin-8 (IL-8), Tumor Necrosis Factor
o (TNF-a), and Dihydrotestosterone (DHT) levels when compared to prostate cancer group, but it had no effect in treating the
prostate cancer.

Conclusion: Avocado seeds aqueous extract plays an impressive important role as a chemo preventive agent, but it is useless
in treating the prostate cancer.
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INTRODUCTION phytochemicals(®. It was considered a high source for
proteins, unsaturated fats, iron, potassium, phosphorus,
and many vitamins as C and E.

Prostate Cancer (PCa) is the one of the most common
cancers in men, about 1.1 million men worldwide were
diagnosed with PCal'l. Many studies reported the potent anti-cancer, anti-
diabetic and anti-inflammatory, activities of avocado seed

About 1 man in 39 will die of prostate cancer, and about )
preparations®.

1 man in 7 will be diagnosed with prostate cancer during

Lo . . .
his lifetime'. Avocado seeds extract induces cytotoxic and apoptotic

Many risk factors are responsible for developing PCa activities®.. Avocado seed contains 57% of the antioxidant
like race, family history, diet, intrauterine conditions, capacities and 64% of the phenolic compounds among
hormone exposure and inflammation®. different parts of avocado fruit.

Prostatic carcinoma is an ideal disease for chemo-
preventive interventions. So, it is become important
to develop chemoprevention agents that may decrease
prostate cancer risk, delay, or prevent surgery or chemo-

Consequently, the aim of this study was to demonstrate
the protective and therapeutic effects of avocado seeds
aqueous extract on experimentally induced prostatic
adenocarcinoma in adult male wistar albino rats.

radiotherapy™!.
7, 12-Dimethylbenz (a) anthracene (DMBA) is a potent MATERIALS AND METHODS
laboratory carcinogen. .It can 1nduc.e tumors in many organs Materials
of the experimental animals as skin, mammary gland, and
prostatet®. Testosterone propionate (Tp)
Avocado, known as “Persea americana”, is a greenish a product of (Sigma Chem. Co., St. Louis, Mo, USA) is
pear-shaped fruit. Its components are rich in nutrients and available in a vial form (250gm/ 1ml).
Personal non-commercial use only. EJH copyright © 2023. All rights served DOI: 10.21608/ejh.2022.113931.1625
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Cypretrone acetate

A product of (Sigma Chem. Co., St. Louis, Mo, USA)
is available in a form of tablets (100 mg and 250 mg).

7, 12-Dimethylbenz (a) anthracene (DMBA)

Aproduct of (Sigma Chem. Co., St. Louis, Mo, USA) is
available in 1g in serum bottle.

Aqueous extract of avocado seeds

Samples of ripe avocado pear was purchased from
local market. The fleshy part of the fruit was removed.
The seeds were dried in an oven at 50°C. It was ground to
powder. Hundred grams (100g) of the sample was soaked
in 1000ml water (100%) for 5 days. The final extracts were
filtered by Whatman (No.1) filter paper. The filtrates were
concentrated under vacuum using a rotary evaporator at
40 °C and stored at 4 °Cl'%, The extract was prepared at
Faculty of Science, Menoufia University, Egypt.

Animals and experimental design

Eighty (80) adult male wistar albino rats (10-12
weeks old, weighing 180-200 g) were used in this study.
The animals were kept under controlled conditions of
temperature and humidity and provided with water and a
balanced diet. The procedure was according to the ethics
committee on the animal experiment of the Faculty of
Medicine, Menoufia University, Egypt.

The animals were divided into 5 groups as follows:

Group I control group (n= 10): consisted of 10 rats
and were subdivided into 2 subgroups:

e Subgroup ITA (n=5): animals were fed a regular
diet.

e Subgroup IB (n=15): The rats were injected with
a single intra-peritoneal solution contained equal
percentage of sesame oil and saline.

Group II avocado seeds extract (n=10): received
aqueous extract of avocado seeds (500mg/kg/day orally)
daily for 10 consecutive weeks!!?.

Group III: PCa induced group (n=20).

Group IV: Protected group (n=20): received aqueous
extract of avocado seeds (500 mg/kg/day orally) daily
for 10 consecutive weeks (10) then stopped and prostate
cancer was induced!".

Group V: Treated group (n=20): Prostate cancer was
induced first and rats with PSA more than 20 ng/ml were
selected!?. Twelve rats were selected and received aqueous
extract of avocado seeds (500 mg/kg/day orally) daily for
further 10 consecutive weeks!'?.

Prostate Cancer Induction Protocol

The rats received daily gavage administration of the
cyproterone acetate (50mg/kg/d) for 21 days. One day
after the last dose of cyproterone acetate, rats received
testosterone propionate (100mg/kg/d) subcutaneously

dissolved in 2 cm corn oil for another 21 days. One day
after the testosterone propionate injection, all the rats
received a single intraperitoneal administration of 7,
12-Dimethylbenz (a) anthracene (DMBA) (65 mg/kg)
dissolved in 1 cm sesame oil added to 1 cm saline. After
four weeks of induction of prostate cancer, blood samples
were taken from the tail vein of rats and prostatic specific
antigen (PSA) was assayed to determine the occurrence of
prostate cancer!!!13],

At the end of the experiment, rats were weighed, and
blood samples were collected, the rats were anesthetized
with pentobarbital (30 mg/kg, intra-peritoneal injection,
Lp.)!'4. Prostate tissues were immediately separated. The
ventral prostate lobes were weighed, and part of each lobe
was fixed with paraformaldehyde for histological and
immunohistochemical analysis, the remaining prostate
sections were stored at -80 °C for tissue biochemical
analysis, another part was fixed in gluterlaldehyde for
electron microscopic analysis.

Biochemical study

1. PSA Plasma levels were estimated by enzyme
immunoassay techniquel'.

2. ELISA Assay of prostate Interleukin-8 (IL-
8), Tumor Necrosis Factor a (TNF- a), and
Dihydrotestosterone (DHT) levels were determined
using an Enzyme-Linked Immunosorbent Assay
(ELISA) kit according to the manufacturer’s
instructions (ALPCO Diagnostics, Salem, NH,
USA)!e!

3. Catalase enzyme (CAT) activity in the prostate
was determined by a commercially available kit
(Beyotime, Nantong, China). MDA Concentration
in prostate was detected by a commercial kit
(AMEKO Inc., Shanghai, China) following the
manufacturer’s instructions!?!.

Histological study
Light microscope

1. Haematoxyline and Eosin stain: routine stain for
histological examination.

2. Mallory's trichrome (MT) stain: special stain for
detection of collagen fiber.

Transmission Electron Microscope (TEM)

Samples of ventral prostate tissues were fixed in 2.5
% glutaraldehyde and then 1% osmium tetroxide was
added. Semi-thin (1um) sections were stained with 1%
toluidine blue and examined using an Olympus BX61 light
microscope. At thickness 1 mm, ultra-thin sections have
been cut and then stained with 2.5% uranyl acetate. The
examination of ultrathin sections has been done using JEM-
2100 (JEOL, Japan) transmission electron microscope at
the electron microscope unit at Faculty of Agriculture,
Mansoura University.
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Immunohistochemical studies

1. High-molecular weight cytokeratins (HMWCK):
with anti CK5/6 antibody (mouse monoclonal
antibody; ab86974, Abcam, Cambridge, UK).
They have proved to be useful markers of basal
epithelial cells which include antibodies to specific
CK subsets such as CK5 /6. Cytoplasm of prostate
basal cells were stained dark brown.

2. Transforming growth factor-B1  (TGF-B1):
with anti-TGF-Blantibody (rabbit monoclonal
antibody; ab215715, Abcam, Cambridge, UK). It
increased in neoplastic prostatic epithelium when
compared to normal prostate tissue. Cytoplasm of
stromal cells and/or cytoplasm of epithelial cells
showed dark brown reactivity.

3. Activated Caspase-3: with anti-caspase-3 antibody
(rabbit monoclonal antibody; ab32150, Abcam,
Cambridge, UK). The cytoplasm and nuclei of
these cells showed dark brown reactivity.

Morphometric and statistical studies

Six different sections from each rat of all subgroups
were examined by image analysis system (Image j program,
version 1.4308, National Institutes of Health, USA and
Digimizer version 4.3.5, MedCalc software). This was
done at the Faculty of Medicine, Menoufia University. The
different parameters including:

e Mean area % of collagen in Mallory’s trichrome
stained sections.

*  Mean area % of positive Caspase-3, CK5 /6 and
TGF-B1 in immune-stained sections.

Mean + SD was used to present the collected data. Data
analysis was carried out by an IBM compatible personal
computer with SPSS statistical package version 23 (SPSS
Inc. Released 2015. IBM SPSS statistics for windows,
version 23.0, Armnok, NY: IBM Corp.). The obtained
data were analyzed using one way-ANOVA. The results
were considered statistically significant when the p-values
were <0.05.

RESULTS

There was no significant difference between the
subgroups IA and IB in all results; therefore, they were
considered as a control group and the group IA was
considered the standard control group for other study
groups.

General results

Control and avocado extract groups showed a non-
significant difference (p>0.05) in their final weight when
compared to their initial one. Both prostate cancer and
treated groups showed a significant (p<0.001) decrease in
their final body weight when compared to their initial ones.
The protected group showed a non-significant decrease
(»>0.05) in their final weight when compared to their
initial one (Table 1).

PCa and treated groups showed a significant increase
(p <0.001) in the ventral prostate weight when compared
to the control group. protected group showed a significant
decrease of its ventral prostate weight (p <0.001) when
compared to the prostate cancer or treated groups (Table 2).

Biochemical results

PCa and treated groups showed a highly significant
increase (p <0.001) in their PSA levels when compared to
the control group. However, the protected group showed
a great decrease in the PSA level significantly (p <0.001)
when compared with the prostate cancer or treated groups
(Table 2).

PCa and treated groups showed a highly significant
increase (p <0.001) in Interleukin-8 (IL-8), Tumor
Necrosis Factor o (TNF-0) and Dihydrotestosterone
(DHT) levels in the prostate tissue. However, their levels
decreased significantly (p <0.001) in the protected group
when compared with the prostate cancer or treated groups
(Table 3).

PCa and treated groups showed a significant decrease
(p <0.001) in the CAT activity when compared to the
control group. However, the protected group showed a
significant increase (p <0.001) in the CAT activity when
compared to prostate cancer or treated groups. But prostate
cancer and treated groups showed a significant increase
(» <0.001) in the MDA level when compared to the control
group. However, the protected group showed a significant
decrease in the MDA level (p <0.001) when compared with
the prostate cancer or treated groups (Table 4).

Histological results

The control subgroups were summed and referred to
as the control group, also, all sections of the control and
avocado seeds extract animals showed the same histological
pictures. So, the photomicrographs of the two groups were
presented by one group of them: the control group.

Light microscopic study

H&E-stained sections: Control group showed a
normal prostate architecture. The prostatic parenchyma
was formed of simple regular acini with different sizes.
The acini were enclosing a lumen containing eosinophilic
and homogeneous secretions. They were separated by few
fibromuscular stroma. They were lined by a single layer of
simple columnar epithelial cells with abundant basophilic
cytoplasm and basophilic rounded and regular basal
nuclei. They were also lined with basal cells located in the
lower parts of the epithelium directly above the basement
membrane. The basement membrane was encircling the
acinus appeared intact (Figure 1: A-D).

PCa group represented major pathological changes:
The acini showed an abnormal architectural glandular
pattern. They showed irregular growth and distribution.
Hyperproliferative epithelial sites were seen in the glandular
epithelium, also long papillary projections were noticed
inside the lumen. Nuclear enlargement and prominent
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nucleoli were present. The acini contained abundant
intraluminal secretions. The basement membranes were
thin, irregular, and not intact in some acini. The interstitial
stroma showed severe congested blood vessels infiltration
(Figure 2: A-D).

Protected group, the irregularity of the acini decreased
dramatically. The acini showed few papillary projections
and contained intraluminal secretions. The lining
epithelium of the acini showed atrophic changes. The
basement membranes were regular and intact in most of the
acini. The interstitial stroma showed mild inflammation.
The lining epithelium having basophilic nucleus with focal
hyperplastic changes (Figure 3: A-D).

Treated group, the acini still showed irregular growth
and distribution with extended intra acinar papillary
projections and contained abundant intraluminal secretions.
The interstitial stroma showed marked inflammation.
Basement membranes were irregular. Hyperproliferative
epithelium were also noticed. Nuclear enlargement and
prominent nucleoli were present (Figure 4: A-D).

Mallory’s Trichrome-stained sections: PCa and
treated groups showed a significant increase (p <0.001)
in the amount of collagen fibers deposition in the
fibro-muscular stroma However, the protected group
showed a significant decrease (p <0.001) in this amount
(Figure 5, Histogram 1).

Transmission Electron Microscopic study

Ventral prostate of control showed that the acini were
lined by single layer of simple columnar cells containing
basally located nucleus with an intact envelope and
condensed chromatin at the periphery. Basal cells were
triangular and integrated within the epithelial cells with
basal rounded nucleus. The cellular cytoplasm showed a
clearly visible supranuclear region. The Golgi complex was
well developed. The mitochondria appeared to be normal
in shape and distribution. Secretory vesicles were also
noticed. Homogeneous flocculent secretion was observed
in the lumen. Junctional complex was present between the
cells. The basement membrane was intact and well defined.
Small microvilli were homogeneously distributed on the
cell surface (Figure 6: A,B).

PCa induced group revealed that the epithelial cells
lining the acini ware stratified with hyperplastic changes
and extreme ultra-structural polymorphism in which some

cellshad variable sized, and irregular nuclei, other cells were
destroyed and devoid of nuclei. The cancer cells illustrated
an irregular heterochromatic large nucleus and often with a
prominent nucleolus. Indentations and lobulations of their
nuclei were also noticed. Focal intercellular separation
was seen. Mitochondria were swollen with pale matrix.
Secretory vacuoles contained abundant secretion materials.
The cisterns of the rough endoplasmic reticulum (RER)
were dilated (Figure 6: C,D).

Protected group showed that the lining epithelium
restored its structural organization, where most sections
showed tall columnar cells with basal rounded nuclei,
however other cells showed enlarged nucleus. Basal cells
were present. Mitochondria showed normal shape and
distribution. Well-developed Golgi apparatus was noticed.
Microvilli covered the surface of the cell facing the lumen.
parallel reticulum cisterns of the rough endoplasmic
reticulum were verified (Figure 6: E,F).

In the treated group, the prostatic cells showed
extreme variations in the nucleus shape and chromatin as
the nucleus was large with a prominent nucleolus. Inter-
cellular lacunae were noticed. Pale large mitochondria
were also detected. Basal cell with degenerated nucleus
was observed (Figure 6: G,H).

Immunohistochemical results

In Caspase-3-stain, prostate cancer and treated
groups showed a significant decrease (p <0.001) in the
percentage area of caspase-3 when compared to control
group. However, the protected group showed a significant
increase (p <0.001) in this percentage when compared to
PCa and treated groups (Figure 7: A-D, Histogram 2).

In CKS5 /6-stain, prostate cancer and treated groups
showed a significant decrease (p <0.001) in the percentage
area of CK5/6 immunoreaction when compared to control
group. However, the protected group showed a significant
increase (p <0.001) in this percentage when compared to
PCa and treated groups (Figure 7: E-H, Histogram 3).

In TGF- Bl-stain, prostate cancer and treated groups
showed a significant decrease (p <0.001) in the percentage
area of TGF- Bl immunoreaction when compared to
control group. But the protected group showed a significant
decrease (p <0.001) in this percentage when compared to
PCa and treated groups (Figure 7: I-L, Histogram 4).
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Fig. 1 (A-D): Photomicrographs of H&E- stained ventral prostate sections taken from the control group: The ventral lobe of the prostate of control group is
composed of acini with variable sizes and shapes (A). The acini encircling lumen (LU) contains homogenous acidophilic secretion. There is a fibromuscular
stroma (S) in between the acini (A) (x40). Prostatic acini lined with single layer of simple columnar to cuboidal epithelial cells (arrow) (B) (x200). The
epithelium rests on intact and regular basement membrane (arrow) (C) (x400). The epithelium lined the acini has single basophilic basal rounded nuclei
and abundant basophilic cytoplasm (black arrow). The acini also lined with basal cells located in the lower parts of the epithelium (blue arrow). Basement
membrane appears regular and intact (black arrow) (D) (x1000).

Fig. 2 (A-D): Photomicrographs of H&E- stained ventral prostate sections of PCa group: Prostatic acini (A) are crowded with extended intra acinar villous
projections (arrow) (A) (x40). The acinus lined with very long papillary projection (arrow) and abundant luminal secretion (LU) (B) (x200). The prostate
cancer group showing epithelial proliferation outside the acinus toward the stroma in the shape of nodule (arrow). Stroma contains congested blood vessels
(S). Basement membrane was thin, irregular, and not intact (orange arrow) (C) (x400). The prostate cancer group showing hyperproliferative epithelium with
pleomorphic and hyperchromatic nuclei with prominent nucleoli (arrow) (D) (x1000).
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Fig. 3 (A-D): Photomicrographs of H&E- stained ventral prostate sections of the protected group: Prostatic acini (A) lined with few papillary projections
(arrow) and homogenous luminal secretion (LU) (A) (x40). The acini lined by atrophic epithelium (B) (x200). The epithelium rests on regular intact basement
membrane (blue arrow) and there is mild stromal inflammation (black arrow) (C) (x400). Some acinus lined by tall columnar epithelium with basal basophilic
nuclei (black arrows), another showed epithelial proliferation with hyperpigmented and enlarged nuclei (blue arrows) (D) (x1000).

Fig. 4 (A-D): Photomicrographs of H&E- stained ventral prostate sections of the treated group: Prostatic acini (A) crowded with multiple papillary projections
(black arrows). The interstitial stroma showed marked inflammation (blue arrow) (A) (x40). The acinus lined by long papillary projection (arow) and abundant
luminal secretion (LU) (B) (x200). Hyperproliferative epithelium (black arrows) and irregular basement membrane (blue arrow) were noticed (C) (x400). The
acinus showing hyperproliferative epithelium with large nuclei and prominent nucleoli (arrows) (D) (x1000).
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Fig. 5 (A-D): Photomicrographs of the Mallory Trichome-stained ventral prostate sections in all experimental groups (x100): Control group contains minimal
amount of collagen fiber in between the acini (arrow) (A). PCa group contains large amount of collagen fiber in between the acini (arrow) (B). Protected group
contains few amounts of collagen fiber in between the acini (arrow) (C). Treated group contains great amount of collagen fiber in between the acini (arrow) (D).
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Grougs TEM X1500 TEM 3000

Control

Protected Prostate cancer

Traated

Fig. 6 (A-D): Transmission electron micrographs of the ventral prostate sections in all experimental groups: Control group showing portion
of acinus composed of columnar epithelial cells with basal euchromatic nucleus (N). Basal cells are intermingled within epithelial cells (BC).
The acinus encircling lumen (LU) contained homogeneous secretion. The basement membrane (BM) is regular (A). The cytoplasm contains
normal shape and distribution of mitochondria (M), well-developed Golgi apparatus (G) and many rough endoplasmic reticulum (RER).
Moderate number of secretory vesicles (SV) and many microvilli (MV) covered the surface epithelium are noticed. The Junctional complex
(JC) between the cells is present (B).

In PCa group, the cells are destroyed with dissolved cytoplasm (black arrow). Many fragmented bodies are noticed in the lumen (LU). The
acinus showing an area of epithelial stratification (blue arrows) (C). The lining epithelium showing irregular, hyperchromatic and indented
nucleus (N), many secretory vesicles (SV), and dilated rough endoplasmic reticulum (RER). Separation between some cells is present (black
arrow) (D).

Protected group showing the lining epithelium that restored its structural organization. The columnar cells have basally located nuclei (N),
normal basal cells (BC) and well-developed Golgi apparatus (G). Microvilli (MV) are detected on the surface epithelium (E). The cytoplasm
has abundant RER, few mitochondria (M) and intact junctional complex (JC) (F).

Treated group showing acinus with hyperchromatic nucleus (N) with prominent nucleolus (N1) and basal cell with degenerated nucleus (BC)
(G). Randomly distributed mitochondria (M) with pale matrix, dilated RER and massive intercellular separation are noticed (black arrow)

(H).
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X400

Caspase-3

Ck5/6

TGF BL

Fig. 7: Photomicrographs of Caspase-3, CK5 /6 and TGF-B1 immuno-stains (x400): Caspase-3 (A-D): Strong positive immuno-staining in the control group
(arrow) (A). Negative reaction in PCa group (arrow) (B). Moderate positive reaction in the protected group (arrow) (C). Negative reaction in the treated group
(arrow) (D).

CK5/6 (E-H): Positive immuno-staining in the control group (arrow) (E). Negative reaction in PCa group (arrow) (F). Moderate positive reaction in the
protected group (arrow) (G). Negative reaction in the treated group (arrow) (H).

TGF B1 (I-L): Mild positive immuno-staining in the control group (arrow) (I). Intense positive immuno-staining in the PCa group (arrow) (J). Mild positive
reaction in the protected group (arrow) (K). Strong positive reaction in the treated group (arrow) (L).

Table 1: Mean initial and final body weight of all rats (in grams)

Group/Subgroup Initial weight (gm.) X+SD Final weight (gm.) X+SD
Control (Group I) 187.46+2.47 198.09+2.81"
Avocado seeds extract (Group II) 183.44+4.01 186.10+2.35"
Prostate cancer (Group III) 187.59+2.03 1234+6.46™
Protected (Group IV) 183..73+2.19 182.2242.75
Treated (Group V) 184.76+2.47 120.73+2.60™

Foote notes:
X=the mean value.  SD= the standard deviation. ~ gm. = grams.
* Significant increase (p <0.05) from the initial body weight.

** Significant decrease (p <0.001) from the initial body weight.
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Table 2: Mean ventral prostate weight (gm.) and mean serum prostatic specific antigen (PSA) level of all rats (ng/ml)

Group/Subgroup Prostate weight (mg.) X+SD PSA (ng/ml) X+SD
Control (Group I) 0.180+0.023 1.96+0.603
Avocado extract (Group II) 0.185+0.005 1.85+0.778
Prostate cancer (Group III) 0.704+0.124™ 51.19+18.47"
Protected (Group IV) 0.358+0.043* 23.98+6.90*
Treated (Group V) 0.683+0.087" 44.74+14.15"

Foote notes:

X= the mean value.  SD= the standard deviation. mg. = milligrams. ng/ml: nanogram/milliliter.
** Significant increase (p <0.001) from the control group.
+4¢ Significant decrease (p <0.001) from the prostate cancer and treated groups.

oo Significant decrease (p <0.001) from the treated group.

Table 3: Mean tissue level of Interlukein-8 (IL-8) (pg/ml), Tumor Necrosis Factor- a (TNF-a) (ng/l) and Dihydrotestosterone (DHT) (pg/ml)

Group/Subgroup IL-8 (pg/ml) X+SD TNF- o (ng/l) X+SD DHT (pg/ml). X+SD
Control (Group I) 5.02+0.301 11.97+0.467 194.80+10.40
Avocado extract (Group II) 4.69+0.242 11.35+0.462 192.10+£7.51
Prostate cancer (Group I1II) 26.41+0.872™ 73.11£4.53™ 597.50+51.16™
Protected (Group 1V) 15.001£0.306** 29.42+4.53% 304.70+£19.98*
Treated (Group V) 23.36+1.47" 66.14+4.36™ 519£72.97"

Foote notes:

X= the mean value. SD= the standard deviation. ~ Pg/ ml. = picogram/milliliter. ng/l: nanogram/liter.
** Significant increase (p <0.001) from the control group.
+¢ Significant decrease (p <0.001) from the prostate cancer and treated groups.

oo Significant decrease (p <0.001) from the treated group.

Table 4: Mean tissue level of Antioxidant (CAT) activity (umol/mg.) and lipid peroxidation (MDA) concentration (nmol/mg.) of all rats

Group/Subgroup CAT activity (umol/mg.) X+SD MDA level (nmol/g.) X+SD
Control (Group I) 50.70+£2.26 30.41+£1.62
Avocado extract (Group II) 50.40+1.84 29.35+2.81
Prostate cancer (Group III) 14.43+1.05™ 71.55+£2.12™
Protected (Group 1V) 34.66+1.50 ~** 44.74+1.85 "
Treated (Group V) 17.66+1.50™ 69.49+1.0""

Foote notes:

X=the mean value.  SD = the standard deviation. mg. =milligram. pmol = micro mole nmol = nano mole
** Significant increase (p <0.001) from the control group.

+¢ Significant decrease (p <0.001) from the prostate cancer and treated groups.

oo Significant decrease (p <0.001) from the treated group.
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Histogram 1: Mean initial and final body weight of all rats Histogram 2: Mean ventral prostate weight (gm.) and mean serum
(in grams) prostatic specific antigen (PSA) level of all rats (ng/ml)
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DISCUSSION

The incidence of prostate cancer is increasing
worldwide. several attempts were done to convert it to a
preventable disease. Avocado seed is a natural substance and
was proved to have anti-inflammatory and anti-cancerous
effects!'”). So, this study was performed to demonstrate the
role of avocado seed aqueous extract whether protective or
therapeutic agent against prostate cancer.

Rat was the animal of choice for induction of prostate
cancer in this study. The rat was first used as a model of
prostate cancer in 193718], Prostate carcinogenesis in rats
and men is controlled by similar molecular mechanisms,
making it a valuable model for this study!!.

Samples from ventral prostate lobes were selected as it
is the largest lobe, constituting approximately half of the
mass of all the prostatic tissue, and is most easily separated
from the rest of the prostate!'”..

In the present study, the elevated serum PSA levels
more than 20 ng/ml judged the occurrence of prostate
cancer; this was in accordance with??! who proved that PSA
is a reliable marker for prostate cancer. Prostate cancer
was also supported by the highly significant reduction in
the final body weight of this group when compared to the
initial one. A significant reduction in the body weight may
be due to the formation of hydroxylated bases of DNAP,

In the present study: the PCa group revealed a
significant increase in the prostate weight. Administration
of testosterone significantly increased the prostate weight
in prostate cancer induced rats when compared to controlled
rats.?!l postulated that an increase in the ventral prostatic
weight were due to induction of fibromuscular tissue
and the massive multiplication of the prostate epithelium
caused by testosterone administration.

However, using avocado seeds aqueous extract in
protected group decrease the ventral prostate weight

in the prostate weight
in the epithelial
fibers and

significantly. The decrease
was explained by the decreases
hyperproliferation,  stromal collagen
dihydrotestosterone tissue level.

Furthermore, the PCa group showed a significant
increase in the tissue levels of TNF-a and IL-8. This
explained by the sever inflammation and congestion
happened in the prostate tissue. This was in accordance
with?>#) who postulated the role of TNF-a and IL-8 in the
progression of PCa as an important inflammatory cytokine.

However, there was a significant decrease in PSA,
TNF-o and IL8 levels in the protected group. This might
suggest the anti-cancer and anti-inflammatory actions of
aqueous extract of avocado seeds.*!! reported that avocado
has significant anti-inflammatory properties. Phenolic
compounds found in avocado were responsible to reduce
inflammation, and platelet aggregation. Also, the
potential anticancer effect of the avocado seeds was due
to presence of carotenoids, and phenolics compounds™.

Furthermore, the prostate cancer induced group
showed a significant increase in the tissue levels of
dihydrotestosterone (DHT). DHT is the most active
androgen; it stimulates prostate cancer cells to grow!®!.
This was in accordance with??”! who reported that prostate
cancer is caused by DHT, a metabolite obtained from the
conversion of testosterone by Sa-reductase enzyme.

However, there was a significant decrease in the DHT
level in the protected group. The decrease in the DHT
explained by the marked decrease that happened in the
epithelial and stromal growth when avocado seeds extract
was used. This might suggest the anti-5 alpha reductase
inhibitor of aqueous extract of avocado seeds. reported
that plants contained polyphenols had anti-5 alpha
reductase activity that led to a significant reduction in DHT
concentrations.

In the present work, comparing with the control group,
the prostate cancer group showed marked increase in the
peroxidative activity by a significant increase in the MDA
level and showed marked decrease in the antioxidant
activity by a significant decrease in the CAT level. This
explained the hyperplasia occurred in the prostate tissue.
This was in accordance with?’! who stated that there were
significant alterations in oxidant-antioxidant balance
in prostate cancer group and reported strong evidence
between the oxidative stress and the pathogenesis of
prostate cancer.

However, there was such regulation of the oxidative
stress markers and increase in the antioxidant capacity
caused by avocado seeds extract in the protected group
by a significant increase in the activity of CAT enzyme
and a significant decrease in the MDA level. This was in
accordance with®? who reported that avocado extracts
have great antioxidant capacity through their high
phenolic compoundsP! also postulated that the oxygenated
carotenoids are the essential antioxidants extracted from
the avocado extracts.
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In the present study, PCa was further evidenced by the
massive pathological changes affecting the ventral prostate.
The acini were with irregular growth and distribution.
Epithelial proliferation resulted in very long papillary
projections. The acini contained abundant secretions.
There was also hyperpigmented and irregular nuclei, and
nucleolar hypertrophy. Hyperplasia of the epithelium was
further evidenced in this study by the transmission electron
microscopic results that showed stratifications in their
lining epithelial cells. This was in accordance with®? who
observed hyperproliferative epithelium with characteristic
foci of prostatic intraepithelial neoplasia (PIN).

However, the protected group showed improvement of
the disrupted prostate histological patterns when aqueous
extract of avocado seeds used as a protective agent against
prostate cancer. The irregularity of the acini decreased
dramatically. The acini also showed few papillary
projections. The lining epithelium of the acini showed
atrophic changes. The basement membranes were regular
and intact in most of the acini. The interstitial stroma
showed mild inflammatory infiltration. This suggested
the anti-proliferative effects of avocado seeds.?**! reported
that avocado seed extract has significant inhibition on both
human lung A549 and human gastric BGC823 cancer cell
proliferation.

In the current study, the prostate cancer group showed
fibrosis in fibro-muscular stroma in between the acini,
this was evidenced by the highly significant increase of
the percentage of collagen fiber deposition in the latter
regions. This was explained by the increased DHT level in
the prostate tissue. Testosterone stimulates fibromuscular
tissue to be developed aggressively?.

However, there was a significant decrease in the
collagen fiber deposition in fibro-muscular stroma of the
protected group when compared to the prostate cancer
induced one. This might suggest the anti-fibrotic action of
aqueous extract of avocado seeds. This could be explained
as avocado seeds extract caused regression of inflammation
with subsequent regressed fibrosis®¥.

In the present work, the prostate cancer induced group
showed a marked reduction of immunoreaction for CK5/6
stain which might prove absence of basal cells. Basal cells
defect was also noticed by electron microscopes in this
study. This agreed with*>! who postulated that the diagnosis
of prostate malignancy is often based on the absence of
basal cells. Also,?® reported that focal loss or attenuation
of the basal cell layer promotes prostate cancer.

In the present work, prostate cancer induced group
showed strong immuno-staining for TGF-B1. This was
agreed with®? who mentioned that TGF-B1 levels were
much higher in prostate adenocarcinomas. TGF-B1 is an
important factor in tumor genesis. It is a potent modulator
of cell proliferation, differentiation, angiogenesis, and the
immune systemt®7),

However, the protected group showed positive
immunoreaction for CK5/6 and mild positive

immunoreaction for TGF-B1 stains. This may suggest the
anticancer effect of avocado seeds extract. This was agreed
withB! who reported that avocado seeds extracts exhibited
anticancer activities and demonstrated a significant
inhibition of hepatocellular carcinoma and colon cancer®
also concluded that avocado considered a very favorable
source in treating cancers.

In the current study, prostate cancer induced group
showed a highly significant decrease in the Caspase-3
positively stained surface area when compared to the
control group. Caspases are expressed in normal prostate
secretory epithelial cellsP”). This was agreed with™ who
observed the down regulation of caspase-3 in the prostate
cancer tissue compared to control so, dysregulation of
apoptosis represents an important mechanism of prostate
carcinogenesis as Caspases are essential for induction of
apoptosis. This explains the epithelial hyperproliferation
that happened in the prostate cancer.

However, the protected group showed a significant
increase in the Caspase-3 positively stained surface area
when compared to the prostate cancer induced group.
This could suggest the apoptotic effect of aqueous extract
of avocado seeds. This was in accordance with*? who
postulated that phytochemicals extracted from avocado
seeds have an amazing effect in cell cycle arrest and growth
inhibition of cancer cells through stimulation of apoptosis.

On the contrary, the treated group did not show any
impressive improvement compared with the protected
groups. Treated group showed minimal improvement of the
histopathological results. There was a significant increase
in the ventral prostate weight. There is also a significant
increase in the PSA plasma level and (IL-8, TNF-a
and DHT) tissue levels. MDA level was significantly
increased while CAT level was significantly decreased.
CK5/6 and Caspase-3 showed a significant decrease in
the immuno-positive surface area. However, TGF-B81
showed a significant increase in the immuno-positive
surface area when compared to the protected group. This
was in accordance with*!"! who suggested that the cancer
preventive effect of avocado extract is through inhibition of
tumor progression, rather than reversing existing malignant
changes induced by carcinogen. Also, this is consistent with
the findings by!*?! in cancer prevention studies who found
that inhibition tumor formation occurred when agents were
applied before and during carcinogens treatment, but these
agents had no effect when applied to already established
lesions.

CONCLUSION

This study revealed the chemo-preventive (protecting
role), anti-inflammatory, anti-fibrotic and antioxidant
propricties of avocado seeds aqueous against prostate
cancer, but it is useless when used alone as a treatment for
induced prostate cancer.
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