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Aim: To evaluate the potential therapeutic role of Annona muricata (graviola) fruit and bee 
venom (BV) against N-methylnitrosourea (MNU)-induced breast cancer in pregnant female 
rats and complications in the ovaries.
Methods: A total of 24 female rats were induced with a single dose of MNU (50 mg/kg 
body weight). After confirmation of positive tumor marker, female rats were placed with the 
males for mating. The pregnant rats were randomly divided into four groups (n=6): MNU- 
induced only (group 1), MNU-induced rats and supplemented with A. muricata 200 mg/kg 
diet (group 2), MNU-induced and treated with two doses of BV 75 μg/kg (group 3), and 
MNU-induced and treated with both A. muricata and BV (group 4).
Results: In group 1, the breast tissue of mothers revealed pronounced cellular hyperplasia 
and histopathological signs. Also, the ovarian tissue of mothers and their offspring displayed 
deleterious histological changes. In groups 2 and 4, histopathological signs and cellular 
hyperplasia markedly disappeared in breast tissue. However, the histopathological signs 
induced by MNU in the ovarian tissue reversed to normal in groups 2–4. Also in groups 
2–4, levels of serum MMP1, NFκB, and TNFα significantly decreased, and serum caspase 3 
significantly increased either in mother rats or their offspring compared to the MNU-alone 
group. Levels of serum MDA significantly decreased; however, levels of serum antioxidants 
(CAT and SOD) significantly increased in all groups 2–4 compared to MNU-alone group.
Conclusion: A. muricata has a more powerful therapeutic role than BV against MNU-induced 
breast cancer in rats; however, both have a powerful ameliorative role against ovarian histo
pathological alterations induced by MNU. Such ameliorative effects of A. muricata and BV are 
mainly attributed to their antioxidant, anti-inflammatory, and antiproliferative constituents.
Keywords: graviola, bee venom, breast cancer, apoptosis, ovaries, offspring

Introduction
Breast Cancer as a Global Challenge
Breast cancer is the commonest type of cancer and the leading cause of cancer mortality 
among women worldwide.1 A study reported that breast cancer survival is approxi
mately 80% in developed countries; however, this rate does not exceed 40% in 
developing countries.2 Other studies have revealed that the incidence of breast cancer 
associated with pregnancy ranges from 1:3,000 to 1:10,000, is mostly indicated at 
advanced stage, and has a poorer prognosis than in nonpregnant women.3,4
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Risk Factors of Breast Cancer
Several causes are implicated in progression of breast 
cancer, such as early menstruation, late menopause, late 
age at first birth, obesity, and repeated use of oral 
contraceptives.5,6 Additionally, some lifestyle factors like 
excessive alcohol consumption, radiation, obesity, physical 
inactivity, and exposure to radiation may be implicated in 
liberation of excessive free radicals, which are highly 
reactive and cause breast cancer.7,8

Treatment and Prevention of Breast 
Cancer
Chemotherapy, radiation, and surgery are the commonest 
therapeutic tools used for treatment of cancer which may be 
applied alone or in combination with one another.9 In fact, 
all these treatments have fatal adverse effects on pregnant 
women and their fetuses.10,11 Accordingly, several studies 
have been attempted to use natural products from plants and 
animals as alternatives in the treatment of cancer.12–14 

Natural anticancerous products can interfere with the initia
tion, development, and progression of cancer by modulating 
various mechanisms, including cellular proliferation, differ
entiation, apoptosis, angiogenesis, and metastasis.12

Compounds from natural products have recently 
attracted unique attention from the scientific community 
for their potent role against inflammation-driven diseases, 
including cancer. Previous researches, including preclini
cal, clinical, and epidemiological studies, has indicated 
that dietary consumption of polyphenols, found at high 
levels in vegetables and fruit, may prevent the progression 
of several diseases, including cancer.15 Furthermore, diet
ary phytochemicals have many built-in advantages over 
synthetic compounds, due to their proven safety, low cost, 
and oral bioavailability.16 Researchers have begun to deci
pher the mode of action of plant-derived agents at the 
molecular, cellular, and tissue level.17,18

Annona muricata (graviola) is a low fruit–bearing tree 
that belongs to the family Annonaceae. Graviola trees are 
widely cultivated in the rainforests of Africa, South 
America, and Southeast Asia.13 Graviola fruit contains 
37 compounds like vitamins, carotenoids, megastigmanes, 
amides, and cyclopeptides, which have powerful antioxi
dant, anti-inflammatory and antitumor properties.19–22 

Additionally, graviola extracts are used for treatment of 
several diseases like rheumatism, diabetes, hypertension. 
and parasitic infection.13,23–25

Another approach that has gained attention is the use of 
biotoxins like animal venom as cancer therapeutic 
agents.26,27 Biologically effective compounds from animal 
venom have long attracted the interest of researchers.28 Bee 
venom (BV) is a biotoxin compound with a variety of bio
logically active peptides like melittin, enzymes, amines, and 
nonpeptides that have powerful pharmaceutical properties.29 

Melittin has a potential role in therapy for leukemia, hepa
toma, and lung and breast cancer.27 BV can promote cell- 
cycle arrest and apoptosis in various types of cancer cells,30 

and BV possesses antimutagenic and anti-inflammatory 
properties.31,32

Accordingly the current work was designed mainly to 
evaluate the possible therapeutic role of graviola fruit and 
BV against breast cancer and complications in the ovaries 
of pregnant rats and their offspring.

Methods
Chemicals
N-methylnitrosourea (MNU; molecular weight 103.08 g, 
N1517-1G) was purchased from Sigma-Aldrich 
(St Louis, MO, USA).

Annona muricata
Fresh A. muricata fruit was washed, peeled, and cut into 
tiny pieces, liquified using a blender, and then filtrated to 
remove fibers and debris. The juice was kept frozen until 
use in the experiment.

Bee Venom
Dried BV was obtained from the Agriculture Research 
Center, Cairo, Egypt.

Experimental Animals
For this study, 32 Wistar albino rats (24 female and 8 
male) weighing 150–160 g were put in wirebottomed 
cages in a room at 25°C±1°C with a 12-hour light–dark 
cycle and relative humidity about 50%. All procedures 
were performed in accordance with the guidelines of the 
bioethics committee of Damanhour University, and the 
university approved the animal experiments.

Induction of Breast Cancer
After acclimatization for 2 weeks, the female rats were 
injected intraperitoneally with a single dose of MNU 
(50 mg/kg body weight dissolved in 6.67 mL phosphate 
citrate–buffered saline).33 After 2 months’ MNU treatment 
and confirmation of positive tumor markers, the 
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females were placed with the males (3:1) for matting. After 
3–4 days and ensuring pregnancy via observation of vaginal 
plug and vaginal smears, pregnant rats were separated from 
males and randomly divided into four groups (n=6):

Group 1: MNU-induced female rats (cancer model 
without treatment).

Group 2: MNU-induced female rats supplemented with 
A. muricata juice (200 mg/kg) from day 4 of pregnancy till 
weaning.34

Group 3: MNU-induced female rats subcutaneously 
injected with two doses of BV (75 µg/kg dissolved in 
PBS) on days 4 and 16 of gestation.35

Group 4: MNU-induced female rats  supplemented 
with both A. muricata juice and BV at the same previous 
doses.

At the end of the weaning period, the mothers and their 
offspring in all groups were killed. Mammary glands and 
ovaries of mothers and ovaries of their offspring were 
removed immediately. Blood samples were collected, cen
trifuged, and kept frozen.

Investigated Parameters
Histological Investigation
The organs (breasts and ovaries) obtained were fixed in 10% 
neutral buffered formalin. After fixation, the specimens were 
dehydrated in ascending grades of ethyl alcohol, cleared with 
xylene, and embedded in paraffin. Sections were stained in 
Mayer’s H&E.36 Other sections were immunohistochemi
cally stained, then processed for investigation under bright- 
field light microscopy and photographed.

Immunohistochemical Staining
Immunohistochemical Labeling of p53 in Breast tissue 
Paraffin-embedded breast sections (5 μm thick) were cut, 
put onto positively charged glass slides, rehydrated in 
descending grades of ethanol, and washed in PBS. The 
activity of endogenous peroxidase was blocked by immer
sing the slides in 3% H2O2 with methanol for 40 minutes 
at 25°C. The breast sections were processed for antigen 
retrieval by digestion in 0.05% trypsin, then washed in 
Tris buffered at pH 7.6. Sections were put in a diluted 1:10 
monoclonal primary antibody (anti-p53, Dako DO7 clone) 
for 45 minutes. Slides were then immersed in PBS fol
lowed by incubation in the secondary antibody for 20 
minutes. Finally, sections were counterstained with 
Mayer’s H&E, mounted, and photographed under phase- 
contrast light microscopy.

Immunohistochemical Labeling of Calretinin in Ovaries of 
Mothers and Offspring 
Sections (6 µm) from ovaries of mothers and their off
spring (21 days old) were cut and mounted on lysine- 
coated slides. After deparaffinization and dehydration, 
the sections were digested with a mixture of proteinase 
K (Dako, Carpinteria, CA, USA) and protease (0.1%, 
Sigma-Aldrich) for 10 minutes. The sections were then 
incubated with a polyclonal rabbit anticalretinin antibody 
(1:50, Zymed Laboratories, San Francisco, CA, USA) at 
25°C for 30 minutes. After washing with PBS, the sections 
were incubated with secondary biotinylated goat anti
mouse/rabbit IgG (Dako) for 20 minutes, followed by 
peroxidase-conjugated avidin (Dako) at room temperature 
for 20 minutes. The sections were counterstained with 
0.1% H&E and photographed under phase-contrast light 
microscopy.

Serum Analysis
Measurement of Matrix metalloproteinase-1 (MMP- 
1)  
Two-point ELISA protocol was used to measure serum- 
matrix MMP1 (Amersham Pharmacia Biotech) in mothers 
and offspring. Samples were tested in duplicate. Color 
intensity in each well was measured on a microplate reader 
(Molecular Devices, SpectraMax Plus).Concentration of 
MMP1 in serum was calculated by interpolation from the 
standard curve.37

Measurement of Nuclear factor-κB(NF-κB) 
NFκB levels in the serum samples were measured using 
a commercial rat NFκB ELISA kit (E-EL-R0673, 
Elabscience, China).38

Measurement of Tumor necrosis factor-α (TNF-α)  
Measurement of serum-TNFα levels was done using sand
wich ELISA method utilizing 2 monoclonal antibodies 
charged against separate antigenic determinants on rat 
TNFα. The kits were provided by Adlitteram Diagnostic 
Laboratories (San Diego, CA, USA).

Determination of Serum Caspase 3 
Caspase 3 levels were measured in serum with a solid- 
phase enzyme-linked immunosorbent quantitative sand
wich using human caspase 3 (Elisa Blue Gene Biotech, 
Shanghai, China). Intra- and interassay coefficients of 
variation were <5.6% and <7.9%, respectively. The detec
tion limit for the assay was 0.1 ng/mL.39
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Determination of Malondialdehyde and Antioxidants 
Levels of lipid-peroxidation by-product (MDA) and cata
lytic action of catalase (CAT) were estimated spectropho
tometrically. MDA was assessed using thiobarbituric acid 
assays based on the liberation of color complex due to 
thiobarbituric acid reaction with MDA. CAT activity was 
determined with assays based on the rate of hydrogen 
peroxide-ammonium molybdate complex formation.40 

Superoxide dismutase (SOD) was measured according to 
the method of Sun et al.41

Statistical Analysis
Data are expressed as means ± SE. P<0.05 on one-way 
ANOVAwas considered significant.

Results
Histological Observations
Breast
Breast sections of MNU-induced female rats showed degen
erative breast lobules and pronounced cellular hyperplasia in 
the epithelial lining of alveoli and the ducts and ductules. 
Moreover, some alveoli and ducts showed clusters of hyper
trophied cells with scattered vacuoles. Also, the connective 
tissue showed dendritic blood vessels and aggregated fat cells 
(Figure 1A and B). Following supplementation with 
A. muricata juice the sections revealed remarkable improve
ment in architecture and the cells of alveoli and ducts appeared 
intact with well-organized epithelial lining, in spite of some 
cellular hyperplasia still found in some ducts (Figure 1C and 
D). In contrast, supplementation with BV did not ameliorate 
the degenerative changes induced by MNU in breast alveoli or 
ducts (Figure 1E and F). However, cosupplementation with A. 
muricata fruit and BV revealed obvious ameliorative 
effects against the deleterious histological alterations induced 
by MNU (Figure 1G and H).

Ovaries of Mothers
In MNU-induced female rats, the ovarian sections showed 
atretic or shrinkage follicles with lytic oocytes. Also, ovarian 
stroma appeared disintegrated, with scattered cytoplasmic 
vacuoles (Figure 2A and B). On the other hand, following 
supplementation with graviola fruit and/or BV, ovarian sec
tions displayed obvious recovery in histological structure, 
and Graafian follicles appeared regular, filled with 
antra surrounded by thecal sheaths, and contain oocytes. In 
addition, corpus lutea and ovarian stromata appeared conco
mitant with normal histological appearance of standard ovar
ian structure (Figure 2C–H).

Ovaries of 21-Day-Old Offspring
Ovarian sections from MNU-exposed offspring revealed 
shrinkage of the entire ovary, increased number of atretic 
primary follicles, and disintegrated germinal epithelium 
(Figure 3A). On the other hand, the ovarian sections 
from offspring of rats supplemented with A. muricata 
and/or BV displayed remarkable restoration of damaged 
histological structures induced by MNU, with very little 
atretic follicles in some areas of the sections 
(Figure 3B–D).

Immunohistochemical Observations (p53 
and Calretinin)
Immunohistochemical Observations of p53 in Breast
A strong positive immunoreaction for p53 protein 
appeared prominent in the nuclei and cytoplasm of most 
breast alveoli and duct cells of MNU-induced mothers; 
however, the breast connective tissue showed negative 
reactions (Figure 4A). A moderate positive reaction for 
p53 was observed in the breast tissue of mother rats 
supplemented with graviola fruit juice. Such 
reactions were restricted to the cytoplasm of breast alveoli 
cells, though very weak reactions were noticed in the 
lining epithelia of ducts (Figure 4B). Breast tissue of 
mothers supplemented with BV displayed very weak 
immunoreactivity for p53 especially in breast-duct cells; 
however alveoli showed negative reactions (Figure 4C). In 
mothers supplemented with A. muricata and BV, the 
degree of p53 immunoreactivty was apparently negative 
all over the breast tissue, with very few scattered cells 
appearing weakly stained in some areas of 
section (Figure 4D).

Calretinin in Ovarian Tissue of Mothers
Ovarian sections from MNU-induced mothers rats dis
played strong positive reactions for calretinin protein. 
This reaction was more prominent in thecal cells and 
antra of Graafian follicles, as well as in ovarian stromata 
(Figure 5A). In graviola-supplemented mother rats, 
some tissue of ovarian stroma and little cells of follicles 
appeared moderately stained with calretinin antibody; 
however, other tissue appeared negatively stained 
(Figure 5B). In BV-treated female rats, ovarian tissue 
appeared negatively stained for calretinin protein, with 
the exception of little areas in ovarian stroma, which 
displayed weakly stained cells (Figure 5C). In 
A. muricata and BV–supplemented mothers, ovarian 
stroma showed moderately calretinin-stained cells; 
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however, follicular cells appeared negatively stained 
(Figure 5D).

Calretinin in Ovarian Tissue of 21-Day-Old Offspring
Ovarian sections from MNU exposed offspring displayed 
moderate reactions for calretinin, especially in stromata 

and cells of primary follicles (Figure 5A1). On the other 
hand, calretinin reactivity appeared very weak in the same 
ovarian follicles and negative in ovarian stroma for off
spring whose mothers had been supplemented with A. 
muricata juice or BV (Figure 5B1 and C1), respectively. 
Furthermore, the ovarian tissue from offspring whose 

Figure 1 Microscopy of histological sections from breasts of mother rats among the groups. (A and B) MNU; (C and D) A. muricata; (E and F) MNU and BV; (G and H) 
MNU, A. muricata, and BV. 
Notes: ImagesA and B show degenerated breast lobules, pronounced cellular hyperplasia in alveoli, ducts, and ductules. Additionally, some alveoli and ducts have clusters of 
hypertrophied cells with scattered vacuoles. Images C, D, G, and Hshow normal architecture while E and F show pronounced damage. Circles indicate breast lobules. 
Arrows, cellular hyperplasia. 
Abbreviations: Al, alveoli; BV, blood vessel; CT, connective tissue; D, duct; Du, ductules; FC, fat cell; Lo, lobule; V, vacuoles.
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mothers had been supplemented with A. muricata juice 
and BV displayed prominent negative or very weak 
reactions for calretinin (Figure 5D1).

Serum MMP1
Serum-MMP1 levels appeared significantly lower in grav
iola- and/or BV-treated mothers (P<0.001); however; 

Figure 2 Microscopy of histological sections from ovaries of mother rats among the groups. (A and B) MNU; (C and (D) MNU and A. muricata; (E and F) MNU and BV; 
(G and H) MNU, A. muricata, and BV. 
Notes: Ovarian sections from MNU-induced rats showed atretic or shrinkage follicles (asterisk) with lytic oocytes (arrowhead). Ovarian stroma appears disintegrated with 
scattered vacuoles. Postsupplementation of graviola fruit extract and/or BV to MNU-induced ovarian sections showing obvious recovery in histological structure. Arrows, 
thecae externa. 
Abbreviations: A, antrum; AF, atretic follicle; BV, blood vessel; CL, corpus luteum; H, hemorrhage; GC, granulosa cells; GF, Graafian follicle; O, ovum; PF, primary follicle; 
St, stroma; V, vacuoles.
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Figure 3 Microscopy of histological sections of ovaries of 21-day offspring among the groups. (A) MNU; (B) MNU and A. muricata; (C) MNU and BV; (D) MNU, A. muricata, 
and BV. The ovarian section in A) displays ovary shrinkage, with increased number of atretic primary follicles, and disintegrated germinal epithelium; (B–D) Remarkable 
restoration in damaged histological structures induced by MNU despite very few atretic follicles still apparent. Arrows, thecae externa. 
Abbreviations: AF, atretic follicle; GC, granuolosa cell; PF, primary follicle; St, stroma.

Figure 4 Microscopy of paraffin-embedded sections of breast stained with anti-p53 antibody. (A) MNU; (B) MNU and A. muricata; (C) MNU and BV; (D) MNU, A. muricata, 
and BV. 
Note: Strong p53 positive reaction (A); moderate (B); weak to negative (C and D). Arrowheads indicate immunoreactivity of p53.

Breast Cancer: Targets and Therapy 2021:13                                                                                   https://doi.org/10.2147/BCTT.S306971                                                                                                                                                                                                                       

DovePress                                                                                                                         
437

Dovepress                                                                                                                                                       El-Beltagy et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


offspring showed highly significant increases (P<0.001) 
with graviola and no significant changes with BV alone 
or in combination with A. muricata (P>0.05) compared to 
the MNU-only group (Figure 6A).

Serum NFκB
Treatment with A. muricata juice and/or BV showed 
a highly significant decrease (P<0.001) in serum-NFκB 
levels of mothers compared to the MNU-only group. 

Figure 5 Microscopy of paraffin-embedded sections of mothers' ovaries (A–D) and their offspring (A1–D1) stained with anticalretinin antibody. Ovarian tissue shows 
a strong positive reaction for calretinin protein in MNU-induced mother rats (A), moderate to weak reaction in graviola juice–supplemented mothers (B), weak to negative 
calretinin reaction in BV-treated mothers (C), and moderate to weak calretinin expression in A. muricata juice plus BV–treated mothers (D). Ovarian sections of offspring 
displayed moderate calretinin expression in MNU-induced group (A1), weak calretinin reactivity in A. muricata juice or BV (B1 and C1), respectively, and very weak or 
negative calretinin expression in A. muricata juice and BV–supplemented offspring (D1). Arrowheads indicate immunoreactivity of calretinin.
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Offspring of mothers treated with A. muricata juice alone 
or incombination with BV showed a low significant 
decrease (P<0.05) in the serum-NFκB levels, while off
spring of the BV-treated group showed a moderately sig
nificant decrease (P<0.01) NFκB compared to the MNU- 
only group (Figure 6B).

Serum TNFα
Treatment with graviola juice and/or BV showed a highly 
significant decrease (P<0.001) in serum-TNFα of mothers 
and offspring compared to the MNU-only group (Figure 6C).

Caspase 3
Serum caspase 3 in A. muricata juice– or BV-treated 
mothers showed a small significant increase (P<0.05), 
while their offspring showed a moderately significant 
increase (P<0.01) compared to the MNU-only group. 
However, treatment with both A. muricata and BV showed 
no significant difference (P>0.05) in serum caspase 3 of 
mothers, while their offspring showed a small significant 
increase (P<0.05; Figure 6D).

Serum MDA
In graviola juice– and/or BV-supplemented mother rats and 
their offspring, serum MDA levels were significantly lowered 
(P<0.001) compared to the MNU-only group (Figure 7A).

Changes in Serum Antioxidants
Serum CAT 
In A. muricata juice/BV-supplemented groups, the serum 
CAT in mothers showed a highly significant increase 
(P<0.001), but offspring showed no significant difference 
(P>0.05) with A. muricata and a highly significant 
increase with BV (P<0.001) compared to the MNU-only 
group. Cosupplementation with A. muricata and BV 
showed a moderately significant increase in CAT 
(P<0.01) in both mothers and offspring (Figure 7B).

Serum SOD 
A highly significant increase (P<0.001) in serum SOD was 
recorded in mothers and offspring who received graviola 
juice and/or BV compared to the MNU-only group 
(Figure 7C).

Figure 6 Levels of serum MMP1, NFκB, TNFα and caspase 3 in mother rats and their 21-day offspring among groups. A: The level of serum MMP-1 appears significantly 
lower in Graviola and/or BV treated mother rats, however this level appears significantly higher in Graviola supplemented offspring if compared with maternally MNU- 
induced offspring. B and C: A significant decrease in the levels of serum NF-κB and TNF-α in Graviola and/or BV supplemented mother rats and their offspring if compared 
with MNU-treated group. D: Significant increase in the levels of serum caspase 3 in in Graviola or BV supplemented mother rats and their offspring, however in Graviola and 
BV supplemented mother rats the level of caspase 3 appears with non-significant change but their offspring display significant increase compared with MNU-treated group. 
Notes: Data expressed as means ± SE. One-way ANOVA used. *P≤0.05; **P≤0.01; ***P≤0.001.
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Discussion
In the current work, breast tissue of MNU treated female 
rats displayed severe histopathological signs and pro
nounced cellular hyperplasia. Supplementation of 
A. muricata fruit juice alone or in combination with BV 
to MNU-only mothers successfully restored the histo
pathological alterations and cellular hyperplasia of breast 
tissue induced by MNU. However, supplementation of BV 
alone did not ameliorate these alterations. Studies have 
revealed that MNU has an experimental evidence in induc
tion of breast cancer.42,43 It has been confirmed that the 
histopathological signs and carcinogenic effects caused by 
MNU are basically attributable to methylation of DNA in 
the target cells.43 Ting et al found that MNU can induce 
cellular hyperplasia in breast tissue via acceleration of 
mitotic pathways in the epithelial lining of breast alveoli, 
as well as in ducts and ductules.44 Additionally, MNU can 
cause histopathological alterations in breast tissue through 
induction of oxidative stress, followed by pronounced 
decline in serum antioxidants, especially CAT and SOD.45

The ameliorative role of A. muricata against breast 
cancer in this study is consistent with previous research on 
breast cancer cell lines.46 Gomes et al reported that the vital 
phytochemical constituents of A. muricata, ie, alkaloids, 
saponins, flavonoids, tannins, phenols, and phytosterols, 
inhibited the propagation of breast cancer cells through 
activation of apoptotic pathways.47 Annonaceous acetogen
ins also have a potential role in inhibition of cancer cells.48

Several reports have found that BV and/or its compo
nent melittin have a potential therapeutic role against 
breast cancer, prostate cancer, hepatocellular carcinoma, 
and ovarian cancer cell lines via activation of apoptosis 
and necrosis.49–53 The results of the present do not align 
with thee. This may be attributable to differences in 
doses and environments.

The tumor-suppressing p53 protein is involved in the 
progression of a number of biological processes, such as 
cell-cycle arrest, apoptosis, senescence, and aging. 
Activation of p53 as a reaction to cancer can remove 
tumor cells through apoptosis or senescence. In the current 
work, the immunoreactivity of p53 was gradually reduced 

Figure 7 Levels of serum MDA, CAT, and SOD in mothers and 21 day offspring among groups. Images A and C show lowly significant decrease of serum MDA levels and 
highly significant increase in the levels of SOD in Graviola juice and/or BV supplemented mother rats and their offspring (P<0.001) if compared with the MNU-induced group. 
Image B shows higly significant increase in the levels of CAT in Graviola juice and/or BV supplemented mother rats (P< 0.001), however the offspring display no significant 
difference (P>0.05) with Graviola alone and significant increase with BV alone or in combination with Graviola (P<0.001) in comparison with MNU-induced group. 
Notes: Data expressed as means ± SE. One-way ANOVA used. *P≤0.05; **P≤0.01; ***P≤0.001.
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in the breast tissue of mothers that supplemented with A. 
muricata fruit extract and/or BV. The data on p53 expres
sion in epithelial cells of ducts and alveoli in mammary 
tissue parallel Yoshizawa et al who reported that increased 
p53 activity in breast cancer tissue was considered as 
responsive mechanism to resist the hyperproliferative 
effect of MNU.54 The decreased activities of p53 in the 
tumor cells in breasts following treatment with graviola 
juice are also in line with previous studies.55,56 The 
authors suggest that annonaceous acetogenins can induce 
apoptosis through activation of the proapoptotic proteins 
caspase 3 and 7 and upregulation of Bax synthesis fol
lowed by downregulation of the antiapoptotic BCL2 and 
inactivation of the TP53 gene. In contrast to our results, 
A. muricata fruit can promote cell arrest in cancer cells 
through activation of p53 at the beginning of the early 
stage of tumor induction.57 This finding does not agree 
with our results, where this occurred at the end stage of 
tumor induction.

The inhibitory effect of BV on the immunoreactivity of 
p53 in breast tissue may be attributed to the BV-derived 
peptide apamin.58 The interaction between p53 and apa
min is well documented to have an antiproliferative effect 
in some cancer cells via activation of apoptosis and elim
ination of tumor cells.59 The apoptotic role of A. muricata 
and BV was also confirmed in this study by significant 
elevation in serum caspase 3.

In the current work, severe complications were 
recorded in the histogenesis in ovaries of mothers and 
their offspring, and the ovarian sections of MNU-induced 
mother rats displayed several atretic follicles, lytic 
oocytes, and disintegrated ovarian stromata with scattered 
cytoplasmic vacuoles. Furthermore, ovarian sections from 
offspring revealed shrinkage of the entire ovary, multiple 
atretic primary follicles, and remarkable disintegration of 
the germinal epithelium. Ovarian histopathological signs 
induced by MNU were markedly ameliorated following 
supplementation with A. muricata juice and/or BV. Similar 
observations have been recorded in the ovarian sections of 
MNU- and 7,12-dimethylbenzα-anthracene (DMBA)– 
induced mother rats and MNU-induced offspring.44,60 

Syed et al declared that systemic MNU and DMBA 
appeared to contribute not only to breast oncogenesis but 
also to the initiation of ovarian preneoplasia.61 Theey also 
added that MNU is implicated in the proliferative effect of 
estrogen receptors, which is a major cause of initiation of 
ovarian neoplastic changes. Similarly, Stewart et al 

reported that local ovarian DMBA induced more ovarian 
histopathological lesions.62

Studies have revealed that annonaceous acetogenins 
are a vital source of enzymatic antioxidants like CAT and 
SOD and nonenzymatic antioxidants, incluing vitamin 
C and E.63,64 These antioxidants play a vital role in the 
restoration of ovarian histopathological signs induced 
by MNU.

The ameliorative role of BV against the deleterious 
histological alterations induced by MNU in the ovaries 
of mother rats and their offspring may be attributed to 
the metformin constituent of BV, which play an essential 
role in suppression of serum NFκB elevated by MNU.65

Generally, oxidative stress induced by MNU is impli
cated in production of free radicals, which results in sig
nificant increases in lipid peroxidation and consequently 
significant decreases in antioxidant enzymes. This is in 
accordance with our results. In the current work, supple
mentation of A. muricata extract and/or BV was able to 
increase the levels of serum SOD and CAT that had been 
decreased by MNU. Previous reports have revealed that 
graviola megastigmanes and cyclopeptides and essential 
oils play a potential role in inhibition of oxidative stress 
and elevation of antioxidants.66,67 Other studies have 
shown that the antioxidant effects of A. muricata may be 
attributed to phytochemical constituents, such as luteolin, 
quercetin, epicatechin gallate, and emodin,63,68 and vita
min C and carotenoids.69

Melittin, apamin, and adolapin constituents of BV have 
pronounced antioxidant, anti-inflammatory, and antiproli
ferative effects.70,71 Hegazi reported that BV therapy is 
a potent antioxidant that leads to decreased the levels of 
ROS.72 Other studies have revealed that BV can inhibit 
production of superoxide anions by human neutrophils 
result in decreased MDA and elevated antioxidant 
enzymes.73,74

Previous reports have been discovered that calretinin 
within the mesothelial cells and the ovarian tissue.67,75,76 

Calretinin reactivity may also be necessary for the diag
nosis of ovarian tumors.77,78 In the current work, 
a strong positive calretinin immunoreaction was noticed 
in ovarian tissue of mothers, while their offspring dis
played moderate calretinin expression in their ovarian 
follicles; however, this expression was weak to moderate 
following supplementation with A. muricata and/or BV. 
BV was able to inhibit the expression of calretinin activ
ity if used alone, but when used with A. muricata 
extract, calretinin appeared moderately expressed in 
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ovarian tissue. Overexpression of calretinin in ovarian 
tissue of MNU-induced mother rats parallels previous 
reports.77,79 In comparison to mothers, the moderate 
immunoexpression of calretinin in the ovarian follicles 
of offspring may be attributable to small leakage of 
MNU via the placenta to the fetus during gestation. 
The negative expression of calretinin in the ovarian 
tissue of MNU-induced mother ratssupplemented with 
BV is mainly due to the direct cytotoxic effects of 
melittin, which manifests in decreased TNFα 
secretion.80,81 The moderate or weak expression of cal
retinin in the ovarian tissue of A. muricata–supplemen
ted rats was confirmed by Pieme et al, who reported that 
acetogenins, alkaloids, and terpenoids of A. muricata can 
inhibit calretinin activity.55

Proinflammatory cytokines like TNFα play an impor
tant role in tissue damage.82,83 As such, in the current 
study, the ameliorative role of A. muricata juice might be 
attributable to its anti-inflammatory properties84 and 
attenuation of TNFα expression.82,83 The results of the 
present work are in accordance with previous studies in 
that a significant decrease in serum TNFα and significant 
increase in serum of caspase 3 were noticed after supple
mentation with A. muricata juice and/or BV.

The present study found that treatment with BV signifi
cantly decreased elevated levels of NFκB caused by MNU. 
This result indicates the cell-protective effect of BV.85 Other 
studies have found that BV has a potent anti-inflammatory role 
through the direct inhibition of NFκB and key inflammatory 
mediators like TNFα.29,80,81,86 This was confirmed by histolo
gical examination of mothers’ breasts and ovaries of both 
mothers and offspring. These findings explain the antiame
liorative effect of BV, in line with the results in this study.

In conclusion, A. muricata fruit has a more powerful 
therapeutic role than BV against MNU-induced breast 
cancer in rats. However, both have a powerful ameliora
tive role against ovarian histopathological alterations 
induced by MNU. Such ameliorative effects of 
A. muricata and BV are mainly attributed to their antiox
idant, anti-inflammatory, and antiproliferative constituents. 
This conclusion was drawn from the histological and bio
chemical results of this study.
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