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ABSTRACT
Background: Prostate cancer has become the most common cancer among African – American
men and the second leading cause of cancer death in men worldwide. Many anti-malignant
agents have been isolated from different plant species with minimal or no side effects thus it
holds future promise as a resort as cancer biotherapeutics when comparedwith other treatment
methods including synthetic drugs. Aim: This current investigation was aimed at evaluating the
anti-proliferative efficacy of the ethanolic extract of Annonamuricata leaf on annexin 7 gene of
malignant prostatic hyperplasia induced male wistar rats. Materials and Methods: Sub-chronic
daily oral gavage exposure of the test substances to experimental animals lasted for a period
of 28 days. Monosodium glutamate and L-arginine (90:22.5mg/kg/b.wt) with purity 98% were
administered concomitantly to the male wistar rats in various treatment groups. A total of 25
malewistar rats of about 6weeks oldweighingbetween 250–282 gramswere used for this inves-
tigation. Quantitative and qualitative phytochemicals screening of ethanolic extract of Annona
muricata leaf were also carried out. Hematoxylin and eosin staining were used in the histological
assay of the prostate tissues. The prostate specific antigen (PSA) values were determined using
standard protocol and polymerase chain reaction (PCR) was used to amplify annexin-7 gene.
1.5%agarosegelwasused to separate the amplicons intobandsof varyingpatterns. Result: Qual-
itative analysis demonstrated the presence of alkaloids, Saponins, flavonoids, tannins, cardiac
glycoside, reducing sugar, phenol and triterpenes. Quantitative screening of the extract unveiled
that alkaloid was present in the highest amount while Cardiac glycosides had the least concen-
tration. The prostate histological assessment revealed a dose-dependent disruption in normal
prostate tissue architecture. There was statistically significant difference P ≤ 0.05 in the body
weight and prostate specific antigen (PSA) values of the male wistar rats in the experimental
groups during the period of this investigation. The varying amplicon band patterns obtained
from the treatment groups indicates possible MSG and L-ARG induced mutation in annexin 7
gene. The DNA amplicon bands observed in the positive control without treatments had some
degree of similarity with bands obtained from the amplicons in the various treatment groups
that were administered with both carcinogens and ethanolic leaf extract while thin bands were
observed for the negative control group that was administered with carcinogens alone. Con-
clusion: This investigation has demonstrated that ethanolic extract of A. muricata leaf could be
used as a potent ethno-chemopreventive agent against L-arginine andmonosodium glutamate
induced malignant prostatic hyperplasia in male wistar rats.
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1. Introduction

Prostate cancer is a state of malignancy within the
prostate tissue which result from tumour-promoting
effects of endogenous hormones and growth factors
which are associated with the stimulation of cellular
growth and inhibition of apoptosis, thus aberrant cells
within the prostate tissue replicate more rapidly than
the normal cells forming malignant tumours. Malig-
nant hyperplasia is the abnormal enlargement of an
organ or tissue resulting from uncoordinated growth of
cells which is usually a preneoplastic response to stim-
ulus and the initial stage in cancer development [1,2].
According to [3] recent research on cancer, prostate

cancer and other kinds of cancers are preventable,
thus chemoprevention of cancer can be described as
the reversion or suppression of the early precancerous
stages that leads to tumour formation by the use of
natural, synthetic or biological agents and these agents
target any of the major cancer development stages
such as initiation, promotion and progression through
molecular mechanisms [4,5].

The common treatment routine for prostate can-
cer includes surgery, chemotherapy and radiother-
apy. Radiotherapy decrease the survival rate of cancer
patients because it targets all dividing cells and exert
significant negative side effects. This is coupledwith the
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high cost of therapy which makes it unaffordable for
lowandmiddle class incomeearners hence the need for
ethno-medicinal research on cancer treatment reme-
dies worldwide. Many anti-malignant agents have been
isolated from different plant species which hold future
promise as a resort for cancer treatment with low side
effect when compared with other treatment methods
including synthetic drugs [6].

Monosodium glutamate (MSG) a sodium salt of glu-
tamic acid which is used widely globally to improve
food taste and flavour. MSG plays a pivotal role in the
signal transduction in the nervous system of all com-
plex living organisms. It can alter the antioxidant status
of the brain and mitochondria lipid peroxidation [7,8].
Glutamate concentration [9] in systemic circulation is
relatively stable and abnormal circulatory levels in men
indicate pathological condition such as prostate cancer.
Arginine (L-arginine) is a precursor for the biosynthesis
of nitric oxide (NO), proteins, urea, creatine, agmatine
andvasopressin [10]. It has vital effects on the endocrine
function mainly the adrenal and pituitary secretions
in humans and animals. It has being reported to pro-
mote cancer growth in humans and animals by stimu-
lating polyamine formation, which acts as growth factor
for cancer [11,12]. Concomitant administrations of L-
arginine andmonosodiumglutamatehavebeingearlier
reported to exert prostate dysfunction in male wistar
rats [13].

Annona muricata Linn. also known as sour soup or
graviola is a tropical tree with heart shaped edible
fruits andbelong to the family Annonaceae. Leaf extract
of this plant have been reported to possess antiox-
idants, anti-inflammatory, anti-analgesic, anti-tumour
and anti-cancer properties. Annonaceous acetogenins,
one of the bioactive components of this plant in numer-
ous in-vitro and in-vivo studies have shown to exert
high apoptotic activities by triggering the intrinsic and
extrinsic apoptotic pathways, which eventually leads
to execution phase through caspase activation [14,15].
This bioactive compound has demonstrated selec-
tive toxicity between normal and malignant cells thus
have become a potent compound for cancer ethno-
chemotherapy [16,17].

Annexin 7 is a candidate tumour suppressor gene
(TSG) implicated in prostate cancer and function in
a number of cellular processes involving calcium sig-
nalling [18]. It’s the most evolutionary conserved mem-
ber of the annexin gene family and located on human
chromosome 10 in the q21 region [19]. ANX7 a
biomarker gene in prostate cancer progression is down
regulated during prostate malignancy condition. Glea-
son score reflects the pathological aggressiveness of
prostate tumour under the microscope and its rated
on a scale from 2 to 10 thus lower score of 2–4
indicate less aggressive cancer while 7–10 suggest a
more aggressive tumour [20]. Prostate specific anti-
gen (PSA) is a glycoprotein in the blood encoded by a

gamma-seminoprotein or kalllikrein-3 (KLK3) produced
only by prostate cells and values obtained after assay
always reflects the state of the prostate. High PSA lev-
els more likely indicate the presence of prostate cancer
thus 4 ng/ml is usually considered normal and values
above are regarded high indicating likelihood of malig-
nancywithin the prostate tissue although in some cases
values lower than 4 ng/ml have being reported during
prostate malignancy [21].

The increasing prevalent rate of prostatemalignancy
among Nigerian men and unaffordability of the avail-
able treatment plans to low income individuals thus
this study was aimed at assessing the antiprolifera-
tive potential of ethanolic leaf extract of A. muricata
on annexin 7 gene of malignant prostatic hyperplasia
induced in male wistar rats.

2. Materials andmethods

2.1. Test substances andDNA extractionmaterials

The test substances, Arginine (L-ARG) andMonosodium
Glutamate (MSG) purity greater than 98% (>98%)
werepurchased fromMoscowchemical store, Gbagada,
Lagos state, Nigeria. The DNA extraction kit and primers
were manufactured by Jena Bioscience chemical com-
pany, Germany.

2.2. Plantmaterial identification and extraction

The plant was identified and authenticated by a tax-
onomistMr. Oyebanji, O.Awith voucher specimennum-
ber LUH 6330 at the Herbarium unit of the Botany
Department University of Lagos, Nigeria where the
specimenweredeposited.Annonamuricata leaveswere
washed using running tap water and air-dried at room
temperature (±28°C). Thedried leaveswereblendedby
using an electric blender which had been sterilizedwith
ethanol (70%). About 1.5 kg of Annona muricata pow-
der was soaked in 70% ethanol in the ratio of 1:6 for
72 hwithoccasional shaking, as recommended [22]. The
mixture was filtered using a sieve cloth and whatman
No.1.filter to obtain the filtrate. The greenish filtrate
was concentrated using water bath at a temperature
of 40°C to obtain 55.2 g of concentrated extract. The
concentrate was used to prepare the different concen-
trations used for experimental animals’ treatment and
phytochemical screening.

2.3. Experimental animal

A total of 25 isogenic strain of male albino rats (Rattus
norvegicus), weighing between 250–282 g and about 6
weeks old similar to those earlier used [23] earlier. They
were obtained from the department of the Zoology uni-
versity of Lagos. All animals were housed in an animal
facility in Zoological and Botanical garden, University of
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Lagos and maintained on standard food (Pfizer prod-
ucts, pellets) and water ad libitum. After two weeks of
acclimatization, they were allotted randomly to one of
the five oral exposure groups based on body weight
in a completely randomized design for a period of four
weeks (28 days). The cageswere cleaned daily, followed
by the replacement of water and food. Approval was
obtained from theUniversity of Lagos Ethics Committee
Guidelines for experiment with whole animals which
is in accordance with the code of Ethics of The World
Medical Association for experimental animals [24].

3. Methodology

3.1. Experimental design

About 25 male albino rats of isogenic strain (R. norve-
gicus) weighing between 250–282 g and about 6 weeks
old similar to those earlier used by Larbies et al. [23].
They weredivided into five treatment groups each con-
sisting of five rats as presented in the table below
Table 1.

3.2. Animal sample collection and analysis

At the end of the experiment, 16 hr after the last feed-
ing, the rats were sacrificed to obtain blood samples at
9:15 am, by retro orbital sinus venipuncture using sterile
capillary tubes (containing no anticoagulant) as earlier
described [25]. Excision to obtain the prostate was car-
ried out immediately and samples were kept in sterile
bottles some containing formaldehyde or normal saline
prior to histological andmolecular analysis respectively.
Blood sampleswere centrifuged for 10min at 3,000 rpm
at room temperature and the serum was kept in a
deep freezer for biochemical assays. The prostate sec-
tionswere stained andmountedusinghematoxylin and
eosin and viewed at a microscopic magnification of HE-
200X [26].

3.3. Phytochemical screening of the plant extract

Physiochemical screening (Qualitative andQuantitative
analysis) of the ethanolic leaf extract of A. muricatawas

Table 1. Experimental animals grouping and treatment plan
dosage.

Animal
group Abbreviation Treatment Dosage

I.(Positive
control)

PC Distilled water+ food
only

Twice daily

II.(Negative
control)

NC ARG+MSG 90:22.5mg kg−1 b.wt

III. RA ARG+MSG+ extract 90:22.5:100 mg kg−1

b.wt
IV. RB ARG+MSG+ extract 90:22.5:200 mg kg−1

b.wt
V. RC ARG+MSG+ extract 90:22.5+ 300

mg kg−1 b.wt

carried out using standard assay protocol as described
[27].

3.4. Test for prostate specific antigen (PSA)

The standard prostate specific antigen (PSA) assay pro-
tocol used by university of Lagos Teaching Hospital
(LUTH) was adapted. At the end of the assay PSA values
for each sample was determine using a microtiter plate
reader, read theoptical density at 450 nmwithin 15min.
The values obtained were expressed in ngmL−1.

3.5. DNA extraction and polymerase chain
reaction (PCR)

The DNA extraction was carried using Jena Bioscience
genomic DNA preparation kit fromwhole blood, animal
and plant, the protocol was based on spin columnusing
themanufacturer’smanual guide. The prostate samples
were grindedwith buffer solution to form homogenous
mixtures which were pipetted into different eppendorf
tubes. The DNA kit manufacturer’s protocol was fol-
lowed to obtained high purity genomic DNA from the
prostate tissue samples which were stored at −20°C
prior to polymerase chain reaction exercise.

3.6. Primer

The sequences used for this work were obtained [28].
The primer sets were:

Forward primer (A7P3F) – 5’ CACCTGGGCTGTGACGCT-
GCT 3’ and

Reverse primer (A7P3R) - 5’ CCCTCCTACTGGCCCA-
CAATAGCC 3’.

3.7. PCR amplification of annexin VII (ANXA7)
gene and agarose gel electrophoresis (AGE)

The Amplification was performed using Peltier Ther-
mal Cycle PTC-100 from MJ Research in a total reaction
volumeof 50 µl containing10 µlmastermix, 34.6 µl dou-
ble distilled-water, 0.2 µl each of forward and reverse
primer and 5 µl of DNA. Amplification was done with
an initial denaturation temperature of 94°C for 3min
followed by 30 cycles: denaturation at 94°C for 1min,
annealing at 61°C for 1min, extension at 72°C for 4min
and 1 cycle of final extension at 72°C for 15min. Ampli-
con were separated in 1.5% agarose using SYBR safe
dye, at 100 V for 1hr 30min.

3.8. Statistical analysis method

The data obtained was analysed using SPSS version
16.0 windows software and the results were expressed
as mean± standard error. Significant differences were
established by using one-way Analysis of Variance
(ANOVA) and post-hoc test of multiple comparism was
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Table 2. Shows the result phytochemicals qualitative assay of
ethanolic extract of A. muricata leaf.

Phytochemical component Present/absent

Alkaloids +
Saponins +
Flavonoids +
Tannins +
Cardiac glycoside +
Steroid −
Reducing sugar +
Phenol +
Terpenoids −
Triterpenes +
Key: (+) indicate present of a phytochemical parameter and (-) indicate
absent.

Table 3. Quantitative assay of selected phytochemicals
presents in ethanolic extract of A. muricata leaf.

Phytochemical Annona muricata (mg/kg)

Cardiac glycosides 0.882
Flavonoids 4.172
Tannin 13.247
Saponin 1.931
Alkaloid 1.237
Phenol 14.326

Figure 1. Effect of treatment on the concentration of prostate
specific antigen values (PSA).

used to determine between group differences. A differ-
ence is considered significant at P < 0.05.

4. Results

Phytochemical parameters: Table 2: the result of the
quantitative assay demonstrated that phenol was
present in the highest amount while cardiac glycosides
had the least concentration. Table 3: qualitative analysis
of phytochemicals in the ethanolic extract of A. muri-
cata leaf revealed the presence of alkaloids, saponin,

flavonoids, tannins, cardiac glycoside, reducing sugar,
phenol and triterpenes while steroid and terpenoids
were absent.

Prostate specific antigen (PSA) and body weight
Figure 1: shows the effects of the treatments on
prostate specific antigen (PSA) values in the various
treatment groups. Table 4: shows the effect of differ-
ent treatments on the weight of the male wistar rats
throughout the period of this investigation. Figure 2:
shows theweight trend of experimental animals during
treatment.

Histopathology examination of the prostate tissue:
Plate 1 (Group PC): histological section through a nor-
mal prostate tissue showing cuboidal epithelial cells,
many fibro-muscular stroma, large gland unit and few
epithelial nuclei. Plate 2 (GroupNC): histological section
of prostate tissue of male wistar rats revealing the pres-
ence of many epithelial nuclei, few stroma, small lumen
and irregular gland units. Plate 3 (Group RA): shows the
histological section of prostate tissue inmale wistar rats
unveiling the presence of small gland units, few stroma,
few epithelial nuclei and small size lumen. Plate 4: his-
tological section of prostate tissue obtained from the
male wistar rats in group RB revealing the presence of
gland units, fibro muscular stroma, few epithelial nuclei
and lumen of medium size. Plate 5: histological section
of prostate tissue of male wistar rats from group RC
showing the presence of large lumen, few epithelial
nuclei, medium size gland units andmany fibro muscu-
lar stroma.

DNA electrophoresis: Figure 2: Plate 6. DNAgel elec-
trophoretic band patterns of PCR amplified Annexin VII
gene obtained from the prostate tissue of the male
wistar rats.

5. Discussion

The high prevalence and mortality rate of prostate can-
cer among Nigerian men and men of African ances-
try coupled with the lengthy period required for the
development of the metastatic disease lead to research
intervention on the chemotherapeutic prevention of
prostate cancer [29,30]. Earlier reports have shown
that anti-cancer activity of some compounds in sub-
pharmaceutical doses could disrupt or slow the devel-
opment ofmetastatic disease [31,32]. This present study
evaluated the effect of ethanolic extract of A. muricata

Table 4. Shows the effect of treatments on the body weight of male wistar rats in treatment
groups.

Group Week 0 Week 1 Week 2 Week 3 Week 4

NC(g) 278.20± 1.77a 285.20± 1.66a 292.20± 2.11a 302.00± 2.17a 310.40± 2.18a

PC(g) 257.00± 1.97 260.00± 2.12 262.60± 2.60 266.00± 2.66 269.00± 2.97
RA(g) 274.00± 2.01a 270.60± 2.01a 267.00± 2.07 262.80± 2.11 269.00± 2.96a

RB(g) 258.60± 2.32 253.40± 2.20a 247.20± 2.65a 243.60± 2.32a 239.00± 2.30a

RC(g) 260.20± 1.01 254.20± 1.07a 246.40± 1.33a 240.80± 1.53a 235.40± 1.60a

Values are mean of 5 replicates± SEM.
Values carrying subscript (a) showed significant difference P ≤ 0.05.
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Figure 2. Shows the weight trend of the experimental animals per week during treatment.

Plate 1–3. (HE-200X): photomicrographs obtained from histopathological examination of prostate tissue sections from experimen-
tal groups PC, NC andRA. GroupPC (positive control): Distilledwater+ Foodonly.NC: (negative control): ARG+MSG90:22.5mg kg−1

b.wt. RA: ARG+ MSG+ extract: 90:22.5:100mg kg−1 b.wt.. Key: [→] indicate lumen, [�] shows the gland unit while [◦] shows the
stroma and epithelial nuclei.

Plate 4–5. (HE-200X): Photomicrographs obtained from the histopathological examination of sections of prostate tissue from
experimental groups RB and RC. Group RB: ARG+ MSG+ extract: 90:22.5:200mg kg−1 b.wt and group RC: ARG+ MSG+ extract:
90:22.5+ 300mg kg−1 b.wt. Key: [→] indicate lumen [�] shows the gland unit while [◦] shows the stroma and epithelial nuclei.
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Plate 6. DNAgel electrophoretic band pattern of PCR amplified annexin VII gene using 100 bpmolecularmarker [M]. Lane 1–2 (PC1-
PC2), 3–4 (RB1-RB2), 5–6 (RA1-RA2), 7–9 (RC1-RC3), -ve (NC1-NC2). PC: (positive control): Distilledwater+ Food only.NC: ARG+MSG
90:22.5mg kg−1 b.wt. RA: ARG+MSG+ extract: 90:22.5:100mg kg−1 b.wt. RB: ARG+MSG+ extract: 90:22.5:200mg kg−1 b.wt. RC:
ARG+MSG+ extract: 90:22.5+ 300mg kg−1 b.wt.

leaf on the ANXA7 gene of malignant prostatic hyper-
plasia induced male wistar rats. There was significant
difference P ≤ 0.05 in the concentration of prostate
specific antigen (PSA) values observed in the different
treatment groups thus this demonstrates the poten-
tial of concomitant administration of L–ARG and MSG
to elicit prostate dysfunction such as prostate cancer
in male wistar rats. It’s in accordance with an earlier
report that concomitant oral administration of L-ARG
and MSG adversely affected the functionality of the
prostate gland which was determined by elevated val-
ues of serum total and prostatic acid phosphates (TAP
and PAP). Elevated TAP and PAP levels have being one
of the characteristics of male serum with metastatic
prostate cancer earlier used before the invention of
prostate specific antigen (PSA) [13,14].

The significant P ≤ 0.05dose dependent decrease
in the PSA value observed in group NC, RA, RB and
RC could be attributed to the bioactive compounds
present in the leaf extract of A.muricata (Tables 1 and 2)
[33–35] which account for the anti-proliferative efficacy
exhibited by the extract in amelioration of the neo-
plastic effects exerted by the carcinogens as observed
in the prostate specific antigen values. Phytochemi-
cals derived from plants have been reported in various
in-vivo and in-vitro studies to interfere with stabiliza-
tion of microtubule structure thus inhibiting mitosis
and cancer cell propagation. Polyphenols act by scav-
enging free radical and limit cancer cell proliferation
by reducing DNA methylation through the inhibition
of DNAmethyltransferase together with reactivation of
silenced tumour suppressor genes [36–39].

The significant increase in body weigh P ≤ 0.05
recorded in Table 3 for group NC may be as a result
of the potential link between MSG intake and obesity
as MSG has being reported to affect energy balance by

disrupting the hypothalamic signalling cascade of lep-
tin and actin [40,41]. The significant reduction P ≤ 0.05
in theweight of themalewistar rats in group RA, RB and
RC may be due to possible toxicity of A. muricata leaf
extract, this was earlier reported to be due to reduced
food intake resulting from the secondary feeling of full-
ness and loss of appetite after the administration of
the extract [10] thus its effect masked the MSG effect
in determining the weight of the experimental animal
throughout the treatment period.

The features depict by the photomicrograph of the
prostate tissue obtained from group PC is in conformity
with the report [42] indicating the feature of a normal
prostate tissue histological section without any neo-
plastic change. The histological abnormalities observed
in form of precancerous hyperplasia in the photomicro-
graph of the prostate tissue specimen obtained from
groups, NC, RA, RB and RC suggest possible neoplastic
change in the prostate tissue which usually marks the
initiation and progression of the process of carcinogen-
esis. This have being earlier reported [43] that similar
precancerous lesion in the histological feature of the
prostate tissue section obtained from male wistar rats
treated with high dose of prolactin for 4 weeks. The
changes in features of precancerous lesion observed in
the treatment groups RA, RB and RC suggest emending
effect of the A. muricata leaf extracts. This is in tan-
dem with the recent in-vitro studies [44] which indi-
cate the crude extract of Annona muricata alone can
be used as an alternative chemotherapy against pan-
creatic, prostate and breast cancer [45]. Themechanism
of action of the leaf extract of the leaf extract on can-
cer cells implies the disruption of mitochondrial mem-
brane to arrest cells in Go/G1 phase and the induction
of apoptosis by down regulating Bcl-2 and Bax pro-
teins. Bcl-2 proteins are anti-apoptotic proteins while
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the Bax proteins mediates the leakage of pro-apoptotic
factors including cytochrome C,Ca+2andmitochondrial
Smac/DIABLO into the cytosol through dimerization
and translocation to the outer mitochdrial membrane
[46,47].

The amplicon from group NC showed a very faint
band while those in the groups RA, RB and RC had
varying band patterns and thickness similar to those in
the group PC. These variations observed in group NC,
RA, RB and RC can be attributed to possible mutagenic
effect of MSG and L-ARG in inducing mutation in the
cells exposed to these carcinogens which usually occur
in genes regulating DNA damage responses, protonco-
gens and tumour suppressor gene such as annexin 7, a
tumour suppressor gene (TSG) which is down regulated
in prostate malignancy. Mutation in this gene is a hall-
mark in prostate cancer progression because it plays a
vital role in maintaining cavin homeostasis, regulating
cytoskeleton and cell motility [48–50].

MSG induced DNA damage in testis of male albino
rats determined using comet assay has been earlier
reported by previous studies to be attributed to oxida-
tive damage and changes in lipid peroxidation which
play the vital role in toxicity and carcinogenesis ofmany
carcinogens [51–54]. The similarity observed between
the positive control group (PC) and other groups RA, RB
and RA can be attributed to the ability of the ethano-
lic leaf extract to reduce the degree of possible DNA
damage induced by these carcinogens. The two bands
produced by the amplicons from these different groups
suggest the heterozygous nature of the annexin 7 gene
alleles.

6. Conclusion

The results obtained from this investigation revealed
that concomitant administration of L-arginine and
monosodium glutamate in male wistar rats may lead
to possible mutation in annexin 7, a tumour suppres-
sor gene (TSG) that has been implicated in prostate
malignancy. The ethanolic extract of A. muricata leaf
exerted anti-proliferative efficacy on L-arginine and
monosodium glutamate induce malignant prostatic
hyperplasia in male wistar rats thus it can serve as
biotherapeutics for such disease condition. High con-
sumption of monosodium glutamate in men should be
cautioned, especially among older men with high risk
of prostate malignancy to prevent possible enhance-
ment of the process of initiation and progression of the
disease. However further research is recommended to
determine the detailed mechanism of prostate carcino-
genesis trailed by L-arginine and monosodium gluta-
mate.
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