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Introduction

Breast cancer is considered one of the most 
frequent malignancies in women taking into 
consideration one-quarter of all malignancies 
diagnosed in women and could be a heterogeneous 
illness on the molecular level (1). This cancer is 
developed in breast tissues, including lobules 
and ducts. The worldwide deaths in women 
related to cancers represent a worldwide burden. 
Globally, breast cancer incidence has been 
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steadily increasing over the last few decades (2). 
Breast cancer was assessed to be 30% of recently 
analyzed cancer cases and about 15% of cancer-
related deaths in women (3).

Breast cancer can be categorized into non-inva-
sive or invasive. The surrogate intrinsic subtypes 
are dependent on key proteins histological and 
immunohistochemical examination: progesterone 
receptor (PR), estrogen receptor (ER), the prolifer-
ation marker Ki67, as well as human epidermal 
growth factor receptor 2 (HER2) (4). The strongest 
predictors in detecting and determining the risk 
for metastasis are the tumor diameter, axillary 
lymph nodes metastasis, histological grade, HER2 
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status and hormone receptors, beside the Ki-67 
proliferation index (5). 

Bioactive compounds derived from natural 
products have recently gained considerable 
attention due to their efficacy in treating 
inflammatory diseases such as cancer. Earlier 
studies, including epidemiological, preclinical, and 
clinical studies, have suggested that consuming 
polyphenols, which are abundant in fruits and 
vegetables, may help to limit the advancement 
of numerous diseases, including cancer (6). In 
addition, dietary phytochemicals have numerous 
inherent benefits over manufactured substances 
because of their known safety, low cost, and oral 
bioavailability. Many researchers are studying 
plant-derived drug modes of action at the 
molecular, cellular, as well as tissue levels (7). 

Graviola (Annona muricata) is a plant in 
the Annonaceae family that is both a source of 
nutrition and an indigenous medicinal herb. It has 
been proven to have a wide range of bioactivities, 
including anti-cancer properties (8). 

All aerial and subterranean parts of Graviola, 
such as leaves, fruits, seeds, as well as roots, 
have all been applied in traditional medicine 
(9). Therefore, several studies on various parts 
of Graviola have demonstrated the presence 
of different phytochemical substances, 
including cyclopeptides and essential oils (10), 
flavonoltriglycosides (11), phenolics (12), and 
alkaloids (13). Hence, phytochemical studies 
indicated that the Annonaceae family’s major 
constituents were acetogenins. Graviola’s phenolic 
compounds have been shown to recover free 
radicals from human breast cancer cells (14). The 
plant has long been used to produce chemically 
active metabolites (15). Extensive anti-cancer 
studies have been conducted on Graviola due to 
its ethnomedicinal applications against tumors 
and cancer. Graviola induced apoptosis, necrosis, 
and inhibition of proliferation (16) on a diversity 
of cancer cell lines, in between breast, colorectal, 
lung, prostate, pancreatic, leukemia, hepatic, 
renal, cervical, and ovarian cancers (17).

5-Fluorouracil (5-FU) is an antineoplastic 
antimetabolite drug effective in the palliative 
management of carcinomas of different organs, 
and treatment of head, and neck carcinomas 
(18). Anti-cancer drugs are frequently given 
systemically, affecting tumor cells as well as all 
other body organs, resulting in increased toxicity 
in normal cells.

A tumor suppressor gene called wild type p53 
is essential for preserving a cell’s genomic integri-
ty because it stops cells with damaged DNA from 
proliferation. The most frequent genetic flaws seen 
in clinical cancer are p53 mutations and deletions. 
Immunohistochemistry has been used to identify 
significant quantities of stable, frequently mutant, 
p53 protein in the cells of about 40% of breast car-
cinomas. Similar cells lacking p53 activity continue 
to proliferate, perpetuating potentially cancerous 
alterations, while cells with functional p53 perish 
via apoptosis. In addition to possibly serving as a 
predictor of a tumor’s biological aggressiveness and 
potential response to treatment, the restoration of 
normal p53 function is already one of the main ob-
jectives of cancer therapy (19).

The BCL2 family of proteins is essential for con-
trolling apoptosis. New members of the BCL2 gene 
family were found to express themselves different-
ly in many diverse types of cancer (20). 

A set of proteins known as caspases conduct 
the evolutionarily conserved apoptosis mecha-
nism. Caspases are cysteine proteases that break 
down their substrates after an Asp residue. They 
are created as latent zymogenes and are then acti-
vated by proteolytic cleavage; the BCL2 family pro-
teins primarily control this process (20).

Consequently, this study conducted to evaluate 
the anticancer activity of Graviola leaves ethanolic 
extract (GLEE) in comparison with the commercial 
therapeutic drug (5-FU) on 7,12-dimethylbenz[a] 
anthracene (DMBA)–induced breast cancer in rats 
by investigating the histological and immunohisto-
chemical changes.

Material and methods

Graviola leaves preparation and  
extraction 

Fresh Graviola leaves were obtained from the 
Faculty of Agriculture, Zagazig University, Egypt. 
The leaves were harvested, rinsed with tap water, 
and air-dried for four weeks at 25 °C. A milling 
machine was used to grind the plant samples 
into a homogeneous powder. The plant tissue 
homogenization method was used to extract equal 
amounts (350 g) of powdered leaves using 96% 
ethanol for three days (21).  The prepared extract 
was concentrated by a rotary evaporator then 
stored at -20 °C for further use. 
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Phytochemical screening of Graviola  
extract 

Sample derivatizations: 

The samples were extracted and resuspended in 
50 µL of N, O-bis (trimethylsilyl) trifluoroacetamide 
(BSTFA) incubated in a Dry Block Heater at 70 °C 
for 30 min.

Gas chromatography–mass spectrometry anal-
ysis (GC-MS):

The GC-MS system (Agilent Technologies) was 
equipped with gas chromatograph (7890B) and 
mass spectrometer detector (5977A) at Central 
Laboratories Network, National Research Centre, 
Cairo, Egypt. The GC was outfitted with an HP-
5MS column that measured 30 m and had an 
internal diameter and film thickness of 0.25 mm. 
The following temperature program was used for 
the analyses, with hydrogen serving as the carrier 
gas, flowing at a rate of 1.0 ml/min at a splitless 
injection volume of 1 l: 50 °C for one minute, 
followed by a 20-minute hold at 300 °C after rising 
10 °C/min. At 250 °C, the injector and detector 
were maintained. By employing a spectral range 
of m/z 30-700 and a solvent delay of 9 min, mass 

spectra were produced using electron ionization 
(EI) at 70 eV. The mass temperature was 230 °C and 
Quad 150 °C. Identification of different constituents 
was determined by comparing the spectrum 
fragmentation pattern with those stored in Wiley 
and NIST Mass Spectral Library data.

Experimental animals 

This study was performed on fifty mature 
female albino rats weighing 100 - 120 g that 
were purchased from laboratory animal house 
at the Faculty of Veterinary Medicine, Zagazig 
University. Throughout the trial, the animals were 
housed at 23 ± 2 °C with a 12-hour light/dark 
cycle, and they had free access to standard food 
and water. Attempts were taken to reduce the pain 
and suffering of the animals during the research. 
They were removed from the trial and euthanized 
under deep anesthesia if they displayed aberrant 
symptoms. The ethical guidelines of dealing with 
laboratory animals were observed throughout the 
investigation, and this protocol was evaluated and 
approved by the ZU-IACUC committee with the 
permission number ZU-IACUC/2/F/63/2020, 
Zagazig University, Egypt.

Figure 1: Experimental design of Breast cancer induction using DMBA in albino rats.
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Experimental design

As shown in Fig. 1, after one week of 
acclimation, 50 female albino rats were divided 
into two experimental groups. Group I (control, 
n = 10) was given 1 mL sesame oil orally, while 
Group II (DMBA, n = 40) was given a single dose of 
DMBA (80 mg/kg, diluted in 1 mL sesame oil) by 
stomach tube (p.o.). Weekly physical examinations 
were conducted. Inspection, touching, and 
palpation were used to check each rat’s six pairs 
of mammary glands. After 5 months and the 
confirmation of the tumor incidence by palpation 
and excluding the mortality ratio of investigated 
rats, as shown in Fig. 1, Group II was divided into 
three subgroups; subgroup A (DMBA, n = 12) is 
considered a positive control group, and subgroup 
B (DMBA + Graviola extract, n = 12) administrated 
GLEE to DMBA induced breast cancer in rats at a 
dose (200 mg/kg) two times weekly (p.o.) for eight 
weeks according to (22), subgroup C (DMBA + 
5-FU, n = 12), administrated  5-FU at a dose (52 
mg/kg)  (i.p.) every three days (day 0, 3, 6, 9, 12, 
and 15). The applied dose was according to the 
previous method (23). 

Rats of subgroup C were sacrificed at the 
16th day post-administration of 5-FU, while rats 
of subgroup A and subgroup B were sacrificed 
at 7 months post-administration of DMBA, and 
animals were sacrificed by CO2 asphyxiation. 
And a section of the tumors were fixed in buffered 
formalin.

Histopathological and immunohistochemi-
cal analysis. 

The formalin-preserved rat’s mammary gland 
tissue specimens were impregnated with molten 
paraffin wax, then embedded and blocked out. 
The obtained paraffin sections were then stained 
with Hematoxylin and Eosin (H&E) based on the 
described method (24). Stained sections were 
examined for histopathological changes. 

ER, PR and HER2 were detected by a specific 
primary monoclonal antibody. Paraffin was 
removed from the investigated sections (4 μm) 
using xylene and slowly rehydrated using ethanol. 
Antigen retrieval was performed using microwave 
in 10 mM citric acid monohydrate at 900 W for 1 × 
5 min and at 600 W for 3 × 5 min. Treatment with 
H2O2 (0.5%) blocked the endogenous peroxidase 
activity. The prepared slides were kept overnight 

at 4 °C with the primary antibodies at appropriate 
dilutions. The negative controls were prepared 
by the same procedures without the overnight 
incubation; however, performed in PBS diluent 
without antibody. 

For PR, the sections were subjected to dual 
colorimetric immunohistochemical (Envision 
G/2 Doublestain, Dako). However, For ER, the 
reaction was visualized using the Elite ABC Kit 
(Vectastain, CA, USA). The result was evaluated as 
the proportion of positively stained tumor cells (0–
100%). The investigated samples were considered 
as positive for PR and ER when ≥1% of the tumor 
cells exhibited positive nuclear staining (25). For 
PR dual staining tumors, ≥1% Diaminobenzidine-
stained nuclei or ≥1% Perm Red-stained cytoplasm 
were considered positive. 

For HER2, the Envision kit (Dako, Denmark) 
was applied (24). HER2 was evaluated based on 
the intensity and percentage of positive cells on a 
scale of 0 to +3. The result was reported as negative 
(0) if no staining or membrane staining in less 
than 10% of invasive tumor cells was detected, or 
negative (+1) if faint/barely perceptive membrane 
staining was detected in more than 10% of invasive 
tumor cells. However, the result was considered 
positive (+2) when weak to moderate complete 
membrane staining in more than 10% tumor 
cells or <30% with strong complete membrane 
staining, or positive (+3) if strong complete 
membrane staining in >30% invasive tumor cells 
was detected (26). For Ki-67, tissue samples were 
considered positive for the tumor when ≥14% of 
the tumor cells exhibited positively stained nuclei 
(27). The Ki-67 index is defined as the percentage 
of the total number of tumor cells with nuclear 
staining (28). Immuno-stained cells were explored 
in different groups according to their numbers 
and nuclear staining intensity using the IMAGE J 
software analysis.

Morphometric analysis 

Morphometric analysis was digitized using 
Olympus digital camera (Olympus LC20- Japan) 
installed on Olympus microscope (Olympus BX-
50, Tokyo, Japan) with 1/2X photo adaptor, 
using 40X objective. The software Video Test 
Morphology 5.2 (Russia), which has a dedicated 
built-in method for immunohistostaining analysis, 
was used to evaluate the results photos. Average 
grayscale was used to express the immunoreactive 
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Target Nucleotide sequence

Bcl2 F: 5‘-ATCGCCCTGTGGATGACTGAGT-3‘
R: 5‘-GCCAGGAGAAATCAAACAGAGGC-3‘

Casp3 F: 5‘-TTCATTATTCAGGCCTGCCGAGG-3‘
R: 5‘-TTCTGACAGGCCATGTCATCCTCA-3‘

intensity. High values were <160, and medium 
values ranged from 160 to 170, and low values 
ranged from170 to180 (29).

Gene expression and reverse transcription 
polymerase chain reaction (RT PCR). 

RT-PCR analysis was digitized using Rotorgene 
RT- PCR system and Qiagen RNA extraction/
BioRad syber green PCR MMX kit. Analyses were 
carried out using DMSO as the solvent. Primers 
used in this study were presented in Table 1.

Table 1: Primers used in the present study

Target Nucleotide sequence

P53 F: 5‘-CCTCAGCATCTTATCCGAGTGG-3‘
R: 5‘-TGGATGGTGGTACAGTCAGAGC -3‘

β-actin F:5‘-ATCGTGGGGCGCCCCAGGCAC-3‘
R:5‘-CTCCTTAATGTCACGCACGATTTC-3‘

Results

Phytochemical analysis of ethanolic leaves 
extract of Graviola

As shown in Fig. 2, the phytochemical analysis 
by GC-MS analysis of GLEE revealed the presence 
of different bioactive compounds. The details of 
the GC-MS analysis of the extracts are listed in 
Table 2.

Table 2: Phyto-components obtained from the Annona muricata ethanolic leaves extract using GC-MS
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Histological Observations

Tumor induction and detection
Breast cancer was induced experimentally 

using a single oral dose of DMBA, as shown in 
Fig. 3. 

Figure 3: DMBA- induced breast cancer in albino rats

Figure 2: Phytochemical analysis by GC-MS analysis of GLEE

In our study, induced mammary tumors 
were diagnosed, in which 100% were malignant 
without any benign tumor. Among the malignant 
tumors, non-invasive, invasive, mixed invasive 
and non-invasive tumors, and unclassified 
malignant tumors were detected. Mammary gland 
of control adult female rats showed normal tissue 
architecture with normal secretory acini and 
ductules (Fig. 4A) that are lined with cuboidal or 
low columnar epithelial cells and surrounded by 
myoepithelial cells with loose connective tissue in 
between. As illustrated in Fig. 4B, the induction 
of rat’s mammary gland tumor by DMBA shows 
sheets of tumor cells separated by tiny cystic gaps 
describe adenoid cystic carcinoma. Tumor cells 
appeared large, rounded with vesicular nuclei, 
enlarged nucleoli, and moderate mitotic activates 
in situ, and invasive papillary carcinoma was 
shown. Proliferating neoplastic cells were grouped 
in long finger-like extensions with a delicate 
fibrovascular core in the center and showed 
signs of malignancy (H&E). The scale bar is 50 
µm. Figure 4C shows in situ and microinvasive 
papillary cancer. Proliferating neoplastic epithelial 
cells develop inward in the lumen to create finger-
like papillary structures with little fibro-vascular 
core, which are restricted within the lobule by an 
intact basement membrane. A compact clump of 
malignant epithelial cells generated secondary 
projections (papillae). By breaching the foundation 
membrane, papillae from one lobule are visible 
entering the adjacent lobule (Fig. 4D).

As shown in Fig. 5, among all detected tumor 
types, invasive tubular adenocarcinoma (Fig. 
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5A) was characterized by clusters of ductal or 
alveolar structures proliferate, separated by a 
little quantity of connective tissue. The nuclei of 
the neoplastic cells ranged in size from circular 
to expanded oval, with conspicuous nucleoli. 
Mitotic figures were found in copious quantities 
(5.6 ± 0.24/hpf) and there was considerable tissue 
necrosis.

Solid cribriform carcinoma (in situ and invasive) 
was characterized by the appearance of the sieve 
is defined by proliferating neoplastic cells grouped 
in solid sheets with the frequent development of 
spherical or irregular-shaped secondary lumina of 
varying diameters. Neoplastic cells grew quickly 
and had a lot of pleomorphism. The neoplastic 
cells can be observed infecting the stroma around 
them (Fig. 5B). 

Furthermore, as demonstrated in Fig. 5C, 
in situ and invasive comedocarcinoma was 
distinguished by dilated ductal structures lined by 
a multi-layered epithelium with necrotic material 
in the center. Desmoplastic reaction was seen 
in the stroma surrounding the separate ducts. 
Individual cancer cells were pleomorphic, with big 
hyperchromatic nuclei with conspicuous nucleoli.

Moreover, in situ and invasive ductal carcinoma 
(solid type), as shown in Fig. 5D, where mammary 

Figure 4: Mammary gland of control adult female rat (H&E) showing normal tissue architecture with normal acini 
(ar-row) and ductless with interlobular stroma inbetween (A). Mammary gland treated with DMBA showing ade-noid 
cystic carcinoma (B). induced rat's mammary gland tumor by (DMBA) showing invasive papillary carci-noma (C). 
Oncogenic epithelium cells that are proliferating, Secondary projections were generated by a com-pact cluster of 
neoplastic epithelial cells with moderate mitotic figures (3.210.04/hpf) (D)

lobules were totally replaced by proliferating 
ductal cells, which completely obliterate and 
expand the main ducts with no evidence of 
microcystic or necrotic changes. Some tumor cells 
break the basement membrane, infiltrate and 
totally replace the adjacent tissue. Tumor cells 
were large hyperchromatic with the presence of 
moderate mitotic figures.

Furthermore, keratinized squamous cell 
carcinoma in rat mammary gland after DMBA 
induction, as shown in Fig. 5E, was detected and 
characterized by the presence of pathognomonic 
Epithelial Pearls showing invasive squamous 
cell carcinoma, characterized by many invasive 
malignant masses and columns invading the 
dermis and subcutaneous tissue. Tumor cells 
are hyperchromatic, pleomorphic with vesicular 
nuclei, and marked mitosis (Fig. 5F).

Immunohistochemical analysis

All examined tissue sections for estrogen 
receptors (Fig. 6A) progesterone receptors (Fig. 
6B) revealed negative nuclear expression with 
a score of 0%. However, all examined tumor 
tissue sections treated by monoclonal antibodies 
against HER2 receptors revealed complete thick 
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Figure 5: Experimentally induced rat's mammary gland tumor by DMBA (H&E) showing invasive tubular adenocarci-
noma (A), in situ and invasive cribriform carcinoma (B), in situ and invasive comedo-carcinoma (C), in situ and 
invasive ductal carcinoma (D), keratinized squamous cell carcinoma (E), and invasive squamous cell carcinoma (F)

Figure 6: The immunohistochemical examination of induced rat's mammary gland tumor by DMBA showing negative 
nuclear expression of estrogen receptors in all tumor cells (A), a negative nuclear expression of progesterone receptors 
(B), HER2 immuno-stained cells with complete thick membrane staining reaction (C), and Ki-67 immuno-stained 
cells with high expression (D).
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membrane staining reaction in more than 10% 
of the tumor cells with a score of +3 (Fig. 6C). 
Moreover, in breast cancer, Ki-67 identifies a high 
proliferative subset of patients. Treated tumor 

tissue sections by specific monoclonal antibodies 
against Ki-67 antigens revealed 85-90% nuclear 
stainability, denoting a very high proliferative 
index, as shown in Fig. 6D. 

Figure 7: Morphometric analysis showing the morphometric analysis with an estimated percentage for the staining 
reac-tivates in the different used immunostaining markers.

Figure 8: Illustrative statistical analysis chart for different immunostaining markers

Our obtained data of morphometric analysis 
(Fig. 7) revealed that staining reactivity of HER2 
and Ki-67 was 60.66 and 89.84%, respectively, 
and were significantly (P <0.05) higher than ER 
and PR, which were estimated as 15.24 and 
15.68%, respectively (Fig. 7B). Our statistical 
analysis showed that Ki-67 was significantly 
higher than HER2 (P 0.0023), ER (P <0.0001), 

and PR (P <0.0001). However, PR and ER were 
statistically insignificant (P 0.5956) (Fig. 8). 

Treatment regimen using 5-FU 

Based on our obtained results, we demonstrated 
three types of malignant tumors, including in 
situ ductal and comedo-carcinoma and invasive 



142142 A. I. Salem, H. Abd El-Fadil, N. Al-Sayed, A. S. Alazzouni, S. El-Nabtity

tubular carcinoma. All of these tumoral tissues 
showed marked cytotoxic therapy response to 
5-FU. Of those, 72-78 % of the tumor cells were 
necrotic; the remaining cells showed degenerative 
changes. Marked desmoplastic reactions were 
observed. The examined non-tumoral normal 
mammary tissue showed marked cytotoxic effect 
as most of the mammary acini were necrotic, as 
shown in Figure 9.

Treatment regimen with Graviola leaves 
extracts. 

As shown in Fig. 10, the treatment using 
GLEE reduced tumor size compared to the 
positive control group. In the histological study, 
investigated sections of GLEE treated groups 
demonstrated a moderate to marked cytotoxic 
effect of the GLEE. Examined sections showed 

Figure 9: Induced rat's mammary gland tumor treated by 5-Fluorouracil, Of those, 72-78 % of the tumor cells 
were necrotic; the remaining cells showed degenerative changes. Marked desmoplastic reactions were observed. The 
examined non-tumoral normal mammary tissue showed marked cytotoxic effect as most of the mammary acini were 
necrotic

Figure 10: Induced rat's mammary gland tumor treated by Graviola L. extract, investigated sections of GLEE treated 
groups demonstrated a moderate to marked cytotoxic effect of the GLEE. Examined sections showed a marked 
cytotoxic effect of the plant extract, where a large number of the invasive tubular carcinoma cells were necrotic, as 
evidenced by pyknosis and karyorrhexis, and karyolysis of the tumor cells
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a marked cytotoxic effect of the plant extract, 
where a large number of the invasive tubular 
carcinoma cells were necrotic, as evidenced by 
pyknosis and karyorrhexis, and karyolysis of the 
tumor cells. Moreover, a variable number of the 
invasive tumor cells showed apoptotic changes. 
The estimated therapeutic effect of the used 
extracts is ranged between 59-63%. The normal 
non-tumoral mammary tissue appeared healthy 
with an undetectable hazard effect of the used 
extracts.

Gene expression analysis

Genetic studies revealed marked up-regulation 
of P53 with GLEE more than 5-FU while Bcl2 
showed down-regulation with GLEE more than 
5-FU (Table 3).

Table 3: Genes expressions analysis of the experimental 
groups

Ser Group
Fold Change

p53 Bcl2

1 DMBA group 4.01 0.51

2 DMBA + Graviola extract group 6.41 0.2

3 DMBA + 5-Fl Fluorouracil 3.28 0.35

4 Control group 1 1

Discussion

The most common invasive malignancy in 
women is breast carcinoma. Researchers have 
been working hard in recent years to discover 
a better treatment for breast carcinoma, and 
they are still working on it. It is also the second 
greatest cause of cancer-related death in women, 
after lung carcinoma (30).

In this study, DMBA was used for chemical 
induction of breast cancer which showed diverse 
types of breast cancer according to the histological 
subtypes (31). 

In the present study, DMBA-induced breast 
cancer group revealed up regulation of P53, may 
be due to mutation of the p53 gene in DMBA-
induced breast cancer cells led to cells lacking 
P53 function continue to proliferate, perpetuating 
potentially oncogenic mutations (32). Also, DMBA 
affect the microtubule dynamics through changing 
the expression of genes involved in cellular 
differentiation, proliferation/cell cycle regulation 
(33). The tumor incidence of our model was similar 

to other studies with the same chemical inductor 
(DMBA), which found tumor incidences of 82% 
(34), 92.3% (35), and 100% (36).

For the detection of Estrogen, Progesterone, 
and HER2 receptors in breast carcinoma cases for 
responsiveness to endocrine therapy in the man-
agement of breast cancer, immunohistochemis-
try is now a widely acknowledged approach. The 
immunohistochemistry investigation in our study 
demonstrated that the estrogen and progesterone 
receptors had negative nuclear expression. How-
ever, the HER2 receptors score was +3, and a nu-
clear stainability of between 85 and 90 percent on 
the Ki-67 test indicated a very high proliferative 
index. It has been shown that Ki-67 high expres-
sion enhances tumor growth in breast cancer rats 
by promoting breast cancer progression to higher 
histological grade in breast carcinoma rats (37). 
ER and PR were negatively correlated with HER2 
overexpression (38). Also, the obtained results of 
HER2 in this study were similar to those reported 
before (26) where HER2 protein overexpression is 
found in tumors of around 25–30% of breast can-
cer patients, and this overexpression is associated 
with a poor clinical prognosis.

In our histological study, all of these tumoral 
tissues treated with 5-FU showed marked 
cytotoxic therapy response to 5-FU. Of those, 
72-78 % of the tumor cells were necrotic; the 
remaining cells showed degenerative changes. 
Marked desmoplastic reactions were observed. 
The examined non-tumoral normal mammary 
tissue showed marked cytotoxic effect as most of 
the mammary acini were necrotic. By modifying 
cell death pathways, this medicine can decrease 
the spread of breast cancer in a variety of ways, 
including apoptosis. As a result, numerous 
treatment studies to overcome drug resistance 
caused by apoptosis modulation are now being 
done. 5-FU showed direct apoptotic action. 
5-FU also has various modes of action, such as 
interfering with RNA processing and boosting p53 
expression and our results in agreement with 
Prince et al. (18).

Natural products have been a target for cancer 
treatment because of their therapeutic properties 
for many years. In this study, the anti-cancer 
effect of the ethanolic leaf extract of Annona 
muricata was evaluated on induced HER2-
positive breast cancer using DMBA in albino rats. 
Our study revealed that phytochemical analysis of 
the crude GLEE showed the presence of a complex 
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mixture of secondary metabolites that are found 
to have various therapeutic activities and GC-MS 
analysis showed bioactive compounds. Of these 
Arachidonic acid, Propanoic acid, Lactic acid, and 
Phytol. Our results agree with those of Ojezele 
et al. (39) and Magadi et al. (40). Beneficial anti-
cancer activity of GLEE is due to its acetogenins 
contents (8). These Annonaceous acetogenins have 
the ability to block mitochondrial complex I, which 
can lead to cellular death by reducing intracellular 
ATP generation (41). Besides, Graviola extract 
improved glutathione S-transferase activity 
and glutathione levels, implying glutathione-
dependent reactive oxygen species detoxification 
(ROS). Graviola’s antioxidative properties can thus 
be related to its flavonoid concentration, which 
acts as a free radical scavenger and/or promotes 
the antioxidant system (40). Phytol also is known 
to have strong anticancer and immune-enhancing 
properties (42).

In the histological study, investigated sections 
of GLEE treated groups demonstrated that a 
large number of the invasive tubular carcinoma 
cells were necrotic as evidenced by pyknosis, 
karyorrhexis and Karryolysis of the tumor cells. 
Moreover, variable number of the invasive tumor 
cells showed apoptotic changes. Graviola, rather 
than apoptosis due to up-regulation of P53 and 
down regulation of Bcl2 in our genetic analysis, 
can destroy cancer cells by necrosis (43). Beside 
mitochondrial-dependent apoptotic pathway (44). 
This means that Gaviola’s cytotoxic effect varies 
depending on the type of cancer cells, and that no 
single mechanism exists for all cancer cells.

Genetic analysis revealed upregulation of p53 
and downregulation of Bcl2 indicating an increase 
in apoptotic index in graviola-treated group as 
compared to the carcinogen control and more 
than in 5-FU-treated group.

Apoptosis is induced as one of the most dramatic 
reactions to p53 activation. There are two main 
mechanisms through which apoptosis can occur: 
the intrinsic mitochondrial pathway and the 
extrinsic death receptor pathway (45). Bax and Bak 
oligomerization are induced in the mitochondria 
by p53, which also physically interacts with 
protective Bcl-XL and Bcl2 to counteract their 
antiapoptotic activities, disrupting the structure 
of the mitochondria (46). In this approach, it 
encourages the release of proteins that trigger 
apoptosis from the mitochondria, activating 
caspase-3 in the process. In the present study, 

Graviola treatment significantly decreased the 
Bcl2 expression whereas strong p53 expression 
was noted in breast cancer tissues.

Conclusions

In this study, we concluded that GLEE has 
several phytochemical components, which 
showed a moderate to marked anti-cancer effect 
on DMBA-induced breast cancer, and tumor cells 
showed apoptotic changes and up-regulation of 
P53 and down regulation of Bcl2 in comparison 
with traditional anticancer drug 5-FU. Moreover, 
it improved the histological appearance of DMBA-
induced breast cancer in female rats. Therefore, 
Graviola could be a promising anticancer agent.
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