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Abstract

Cancer is a complicated disease incorporating many factors and causes which could be
environmental, metabolic disorder, chemical, and genetic alteration. Many of the already used
anticancer therapies are derivatives of natural sources including herbs. The current study was
designed to assess the antitumor activity of Egyptian Annona muricata against Ehrlich ascites
carcmoma (EAC) in albino mice which induced by intraperitoneal injection with EAC cells
(2x10° cells/mouse). Eighty-eight female adult albino mice were utilized in the beginning of the
current study and were separated into five groups, normal control, Ehrlich ascites carcinoma,
fruit extract (200 mg/kg), leaf extract (200 mg/kg), and cisplatin (2 mg/kg) treated groups for
nine successive days after 48 hours of pre-injection with EAC cells. Viability of tumor ascites
cells, the volume of ascites fluid, and EAC cell count were significantly decreased after daily
treatment with both extracts. Hematological parameters were enhanced, liver enzymes and
creatinine regain their normal values. Oxidative stress was dimensioned via decreasing of lactate
dehydrogenase (LDH) and malondialdehyde (MDA). Antioxidant activity was enhanced through
the increasing of the total antioxidant capacity (TAC) and reduced glutathione (GSH)
concentrations, and the activities of superoxide dismutase (SOD) and catalase (CAT).
Histopathologically, residual tumor growth on the outer surface of the liver and kidney were
markedly reduced without infiltration onto the tissues. Inflammation of tissues was inhibited and
tissue architecture was ameliorated. In conclusion, Annona extracts could have anticancer
activity and antioxidant properties which could be useful in dimensioning cancer progression and
improves organs protection.
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Introduction
from natural sources, that would lessen or even

Cancer is a complicated disease where cell
growth is being abnormal, aggressive,
invasive, and may metastasizes many times
leading finally to death [1]. It is one of the top
ten diseases which cause death and keep going
throughout the world and expanded in the rank
year after year [2]. Cancer treatment may be
surgical or by radiation, chemotherapy,
hormonal or biologically derived therapies.
Due to the missing of potent anticancer drugs,
the huge cost of chemotherapies, and the
undesirable effects of most anticancer drugs,
cancer is a massive cause of mortality [3].
Consequently, efforts are still being in growth
to search for an impressive anticancer therapy,

impede the cancer progress [4]. It was reported
that more than 50% of all cancer patients use
integral and alternative anticancer medicine
[5]. So, there is an increased direction in the
pharmacological evaluation for  the
development of various natural products used
in alternative or traditional medicine [6].
Components of herbal extracts like flavonoids,
steroids, and terpenoids have gathered
dramatic attention in the late years owing to
their many impressive pharmacological effects
especially antioxidant and antitumor actions
[7]. In Egypt, the highly ranked cancer is liver
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cancer  accompanied serious  and

progressive problems [8].

Liver cancer is a serious if not the most
serious cancer problem in Egypt. A. muricata
is a species of the Annonaceae family which
has been widely studied in the last decades
because of its potential therapeutic properties
against many disorders such as inflammation,
cancer, rheumatism and neurological disorders
[9]. Cisplatin is a platinum drug approved
globally and has been used as a drug for
cancer chemotherapy for more than 30 years.
Cisplatin is an approach to overcome drug
resistance and reduce toxicity in cancer
research studies [10].

EAC is an experimental cancer model
which is commonly used in cancer research
overall the world. In 1907, Paul Ehrlich had
identified this type of tumor cells in the
mammary gland of a white mouse from which
the tumor was named [11]. EAC likens human
tumors in their sensitivity to chemotherapy,
actually, they are undifferentiated, and have
rapid growth, proliferation, shorter life span,
with100% malignancy [12].

Moreover, the ideal anticancer drug should
be inefficient or minimally effective with
normal cells, and at this point, the usage of the
natural sources as an alternative way for
cancer therapy is considered to have a great
value for the treatment and controlling of
cancer progression. To evaluate the efficacy of
anticancer therapy in EAC experimental
animals, the tumor fluid volume, viable and
nonviable tumor cell count,  hematological
[11], oxidative stress, and antioxidant
parameters [9] in addition to liver and kidney
functions biochemical parameters [2] could be
assessed. The current study aimed to estimate
the potential antitumor action of the Egyptian
A. muricata fruit and leaf extracts against EAC
in adult female albino mice.

Materials and Methods
Experimental animals

Eighty-eight adult female albino mice (25-
30g weight) were used in the current study,
were provided from the National Research
Centre, Cairo, Egypt. Animals were transferred
into separate polyethylene cages at Animal
House, Zoology Department, Faculty of
Science, Port Said University. The animals
were kept at normal conditions, room
temperature of 25+5C° and a natural light/dark
(12 h) cycle. They were fed standard pellets

by

and water ad libitum. Animal maintenance and
care were in conformity with recommended
International Guiding Principles for
Biochemical Research Involving Animals [13].

Plant extraction

Fresh fruits and leaves of Annona muricata
were collected from Al-Nobaria, EL-Behera,
Egypt and were identified by the
Taxonomist/curator of Botany Department,
Faculty of Science, Port-Said University. The
plant was cleaned and washed with distilled
water, dried in the oven at 60C° milled into
powder, soaked in 70% ethanol for 48h and
filtered through gauze then filter paper. The
obtained alcoholic solution was concentrated
by rotary evaporator. The obtained extract was
weighed and stored at -20 C° until used for
treatment. Before treatment, the extracts were
dissolved in 1% Tween 80 [14].

Maintenance of Ehrlich ascites cells (EAC)

EAC-bearing mouse was obtained from
Tumor National Cancer Institute, Cairo, Egypt.
One ml of ascites fluid which containing
Ehrlich cells was aspirated and diluted with
physiological saline (0.9% NaCl). Under
aseptic condition, cells were counted using
haemocytometer, and 0.2 mI of fresh ascites
fluid ~providing  (2x10°  cells)  was
intraperitoneally (I.P) injected into normal
mice to induce peritoneal cancer.

Animal grouping

Animals were separated into five treatment
groups, Group I, normal control group, healthy
mice were mtraperltoneal (IP) received 0.2 ml
tween 80 daily for 11 successive days. Group
Il, a positive control group, were IP received
EAC cells (2x106 cells/mouse). Group llI, a
leaf extract treated group, were orally received
leaf extract (200 mg/kg) daily [14] after 48 h
of pre-injection with EAC cells, for 9
successive days. Group IV, fruit extract treated
group, were orally received fruit extract at a
daily dose of (200 mg/kg) [15] after 48h of
pre-injection with EAC cells for 9 successive
days. Group V, cisplatin treated group, were IP
treated with cisplatin at a daily dose (2 mg/kg)
[16] after 48 h of pre-injection with EAC cells
for 9 successive days.

Collection of samples

After 9 days of treatment, eight mice of
each group were anesthetized by diethyl ether
and sacrificed. Blood samples from each
mouse were collected into two separate tubes;
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the first was containing EDTA as an
anticoagulant for assaying haematological
parameters, the second was plain and
centrifuged at 3000 rpm for 15 min. Obtained
serum was stored at -20 C° until used for
biochemical  assay. Immediately after
collection of blood samples, animals were
dissected; livers and kidneys were removed
and washed with 0.9% NaCl. One-half of the
removed liver was homogenized in ice-cold
saline solution for biochemical assay while the
other half in addition to kidney undergo
fixation process in 10% formalin for
histopathological investigation. Serum samples

were used for estimation of alanine
aminotransferase (ALT), aspartate
transaminase (AST), lactate dehydrogenase

(LDH), creatinine and Total antioxidant
capacity (TAC). Liver tissue homogenates
were used for estimation of superoxide
dismutase (SOD), reduced glutathione (GSH),
catalase (CAT), and malondialdehyde (MDA).

Determination of antitumor activity

After the dissection of mice, the peritoneal
ascetic fluid was obtained from the cavity of
each mouse using an 18 gauge needle and the
volume of fluid was measured in a measuring
tube. The number of cells present in the ascitic
fluid was counted using haemocytometer to
calculate the percent in the inhibition of tumor
growth by comparing the number of cells in
the ascitic fluid of treated mice in comparison
with non treated mice group. In addition,
tumor cell growth in the normal control group
was taken as 100 percent cell growth. Viability
test was done by staining the ascetic fluid
using trypan blue dye (0.4 % in normal saline).
Cells were counted using haemocytometer
where the cells which cannot take up the dye
were viable, with an intact membrane, and
those which can take the stain were considered
not viable, with a damaged membrane [16].

Hematological assay

White blood cells (WBCs), red blood cells
(RBCs) count, and platelets (PT) counts in
addition to hemoglobin concentration (Hb),
were estimated using Abbott CELL-DYN
1800 automated hematology analyzer, USA at
Animal Physiology Laboratory, Faculty of
Science, Port Said University.

Determination of liver and kidney functions

Serum ALT, AST, and creatinine levels
were estimated by a colorimetric method [17]

according to the manual described by the
manufacturer (Bio diagnostic, Giza, Egypt).

Determination of oxidative stress parameters
and tissue damage biomarkers

MDA, TAC, SOD, GSH, and catalase were
determined by the method provided by the
manufacturer (Bio diagnostic, Giza, Egypt)
[18-19]. LDH was determined according to the
manufacturer (ELITech Clinical System) [20].

Histopathological examination

Liver and kidney tissue organs were fixed
in 10% formalin for 24h, and then dehydrated,
cleared, and impeded in paraffin wax. Obtained
tissue blocks were sectioned by microtome at a
5um thickness, stained with haematoxylin and
eosin (H&E), examined and photographed with
camera microscope system (Olympus BX53,
Olympus Corporation, Tokyo, Japan) supplied
with the software (Cell Sense, Version 1.4.1)
for imaging. Liver and kidney tissues of the
EAC groups were studied in comparison with
the normal control and the other treatment
groups for finding and assess the
histopathological changes [21].

Statistical analysis

Values of the obtained results were
expressed as means * standard error (SE) for
each animal group. Differences between
groups were statistically analyzed using the
Statistical Package for Social Science (SPSS),
version 22 software. The significant
differences were performed by One-way
analysis of variance (ANOVA) test followed
by Tukey's post hock test for comparison of
means with control. Data were statistically
significant when the P values <0.05.

Results
Antitumor activity

The viability percent of tumor ascites cells
in leaf and fruit extracts and cisplatin treated
groups  (44.69+1.69, 61.58+1.05, and
0.010£0.001) were significantly decreased
(P<0.001) in comparison with cancer group
(95.18+0.69). The ascites fluid volume showed
a significant decrease (P<0.01) in leaf and fruit
extracts and cisplatin  treated groups
(1.04£0.09, 1.9+0.09, and 0.006+0.001) in
comparison to the cancer group (3.84+0.14).
The EAC cell counting in the leaf and fruit

extracts and cisplatin  treated groups
(41.24£2.20, 77.0£1.76 and 0.120+0.007) were
significantly ~ decreased  (P<0.001) in
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comparison to cancer group (246.0+2.91) as revealed in Table (1).
Table (1): Effect of Annona muricata leaf (200 mg/kg) and fruit (200mg/kg) extracts in comparison to
cisplatin (2mg/kg) for treatment of tumor EAC cell count (x10%ml), in albino mice

Parameters Groups . . .
Cancer Leaf Fruit Cisplatin
Viability percent 95.18 +0.69° 44,69 +1.69° 61.58 +1.05° 0.01 +0.001°
Ascitic fluid volume 3.84+0.14° 1.04+0.09° 1.92+0.09° 0.006+0.001°
EAC count (x10%ml) 246+2.91° 41.242.20° 77.0+1.76° 0.12 +0.007¢

All values were expressed as means + Standard error (SE) where n=8. Superscripted litters (a-d) referring to the
significant differences between groups using one way ANOVA statistical analysis test. Values shared the same

letters are none significantly differ.

Hematological assay

Data in table (2) illustrated that RBCs count
and Hb concentration were significantly
decreased (P<0.001) in cancer non treated
control group (2.7£0.07 and 8.3+0.23) when
compared with normal control group
(5.17£0.12 and 11.9+0.11), significantly
increased (P<0.001) in leaf (4.50+0.12 and
10.90+£0.15) and fruit (3.88+0.09 and
9.72+0.25) extracts and cisplatin (4.0£0.14
and 10.6+0.18) treated group compared with
cancer control group. WBCs count was
significantly increased (P<0.001) in the cancer
control group (9.4+0.26) in comparison to the
control group (6.21+0.23), significantly

decreased in leaf, fruit and cisplatin treated
groups (6.74+0.7, 7.66+0.20 and 7.50+0.10)
when compared with the non treated cancer
group. Platelets count showed a significant
decrease (P<0.001) in the cancer group
(150.8£13) in comparison to the control group
(304.4£5.27), while leaf and fruit extract and
cisplatin  treated groups  (285.2+4.15,
273.2+4.02, and 279.61£6.76) revealed a
significant increase (P<0.001) in comparison
to control cancer group, nevertheless, non
statistically significant differences between
leaf, fruit extracts and cisplatin treated groups
in hematological parameters were observed.

Table (2): Effect of treatment with Annona muricata leaf (200mg/kg) and fruit (200mg/kg) extracts or
cisplatin (2mg/kg) on hematological parameters of EAC-bearing albino mice.

Parameters Control EAC Groups Fruit Cisplatin
WBCs x(10°/ml) 6.21+0.23"° 9.4+0.26° 6.74+0.71° 7.66+0.20° 7.540.1°
Platelets x(10*/ml) 304.445.27° 150+13.1° 285.2+4.15% 273.20+4° 279.6+6.7°
RBCs x(10%/ml) 5.17+0.12° 2.72+0.07° 4,5+0.12° 3.88+0.09° 4.0+0.14%

Hb (g/dI) 11.98+0.11°  8.32+0.23° 10.940.15° 9.72+0.25° 10.620.18"

WBCs: White blood cells, RBCs: Red blood cells and Hb: hemoglobin. All values were expressed as means +
Standard error (SE) where n=8. Superscripted litters (a-d) referring to the significant differences between groups
using one way ANOV A statistical analysis test. Values shared the same letters are none significantly differ.

Biochemical study

Effect of A. muricata on serum transaminases
AST and ALT

Regarding serum AST and ALT activities,
data in table (3) showed a significant increase
(P<0.001) in cancer group (102.36x1.56 and
93.10+2.36) in comparison to the control
group 49.64+0.72 and 38.80+1.01). Treatment
with leaf (60.24+1.29 and 48.67+2.08) and
fruit (71.68+2.34 and 68.00+1.14) extracts

revealed a significant decrease when compared
with the cancer group. On another hand, there
were a significant increase (P<0.001) in ALT
and AST levels in cisplatin treated group (82.4
+0.92 and 78.8+ 0.86) versus normal control in
addition to leaf and fruit extracts treated
groups.

Effect of A. muricata on serum creatinine
concentration
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Serum creatinine concentration presented in
table (3) showed a significant increase
(P<0.001) in the non treated cancer group
(1.83 + 0.03) in comparison to the control
group (0.79 £0.032). Where in both leaf and
fruit extracts and cisplatin treated groups
(0.86+0.08, 0.86 +0.112, and 1.38 £0.139) it

was decreased (P<0.001, P<0.001, and
P=0.017) significantly in comparison to the
cancer group respectively. On the other hand,
creatine concentration showed a significant
increase in the cisplatin group compared to the
control group, leaf and fruit treated groups
(P<0.005, P<0.005 and P<0.002).

Table (3): Effect of treatment with Annona muricata leaf and fruit extracts or cisplatin on biochemical,
oxidative stress markers and antioxidant parameters of EAC-bearing albino mice.

Parameter Groups . . .
Control EAC Leaf Fruit Cisplatin
ALT (U/L) 38.8+1.01° 93.14#2.36*  48.67+2.08° 68+1.14° 78.8+0.86"
AST (U/L) 49.64+0.72°  102.36+1.5%  60.24+1.29¢  71.68+2.3° 82.4 +0.92°
Creatinine (mg/dl) 0.7940.03°  1.83+0.03®  0.86+0.08° 0.86 +0.1° 1.38 +0.139°
LDH (U/L) 755 +2.87° 1700342 799.8+6.9° 1140 +2° 907+8.25°
MDA (nmol/g tissue) 31.6+1.2" 51.3+1.4° 27.1+0.67° 34.7+1.4° 29.7+0.81°
TAC (mM/L) 2.55+0.01° 1.3+0.02° 2.4+0.06° 2.4%0.04° 2.3740.11°
GSH (mg/g tissue) 21.9+0.56 2 14 +0.3°¢ 19.4+0.38" 18.5+0.5"° 18.68+0.47°
Catalase (U/ g tissue) 6.6+0.04°2 4.7+0.06° 6.36+0.08" 6 +0.09° 6.14+0.16"
SOD (U/qg tissue) 5.58+0.12%  3.200.03° 5.08+0.05" 4.48+0.1° 4.9+0.13°

ALT: alanine aminotransferase, AST: aspartate transaminase, LDH: lactate dehydrogenase, malondialdehyde (MDA),
TAC: Total antioxidant capacity, GSH: reduced glutathione and SOD: superoxide dismutase. All values were expressed as
means + Standard error (SE) where n=8. Superscripted litters (a-€) referring to the significant differences between groups
using one way ANOVA statistical analysis test. Values shared the same letters are none significantly differ.

Tissue damage and oxidative stress assay

Effect of A. muricata on serum LDH activity and
MDA content

Serum LDH activity and liver MDA content
were significantly increased (P<0.001) in the
cancer group (1700.2+34.7 and 51.34+1.4) in
comparison to the control group (755.20+2.8 and
31.60£1.2).  Where leaf  (799.80+6.9,
27.1840.67) and fruit (1140+2.6, 34.74+1.4)
extracts and cisplatin (907+£8.25, 29.7+0.81)
treated groups showed a significant decrease
(P<0.001) in comparison to the cancer group.
Non statistically significant differences (P=0.08,
P=0.77, P=0.33) between leaf, fruit and cisplatin
treated groups in the LDH activity and MDA
content were observed in comparison to the
normal control group (Table 3).

Effect of A. muricata on serum TAC

Serum TAC content was significantly
decreased (P<0.001) in the cancer group
(1.3+0.02) in comparison to the control group
(2.55+0.01). Treatment with both leaf and fruit
extracts and cisplatin (2.44+0.0065, 2.41+0.04

and 2.37+0.11) exhibited a significant increase
(P<0.001) in TAC compared to the cancer
group. There were non statistically significant
differences between leaf, fruit and cisplatin
treated groups (P=0.57, P=0.37, and P=0.136) in
the TAC content in comparison to normal
control group respectively, Table (3).

Effect of A. muricata on liver GSH content, SOD
and CAT activities

Liver GSH content, CAT and SOD activities
presented in Table (3) were significantly
decreased (P<0.001) in the cancer non treated
group (14.02+0.31, 4.78+0.06 and 3.2+0.03) in
comparison to the control group (21.98+0.5,
6.62+0.04 and 5.58+0.12). In leaf (19.40+0.38,
and 6.36+0.08) and fruit (18.52+0.5, 6.02+0.09,
and 4.48+0.14) extracts treated groups in
addition to cisplatin treated group GSH, CAT,
and SOD were significantly increased (P<0.001)
in comparison to the cancer non treated group.
Non significant differences were observed
between leaf and fruit extracts treated groups in
comparison to cisplatin treated group.

238



Zag Vet J, Volume 47, Number 3, p. 234-247, September 2019

Hassan et al., (2019)

Liver examination

Histopathological examination of the liver
was illustrated in figure (1), the normal control
group showed normal hepatic architecture.
Hepatocytes have abundant cytoplasm and small
nuclei, they are arranged in lobules which are
separated by blood sinusoids with thin walls.
Ascites tumor non treated group revealed
massive growth of malignant cells arranged in
multiple layers on the outer liver surface.
Hepatocytes were severely  degenerated,
enlarged and infiltrated by hyperchromatic
tumor cells with a massive inflammatory
response. The liver of leaf extract treated group
has very minimized tumor cell growth on the

liver surface without infiltration into hepatic
tissue. Moderate necrosis and few apoptotic
bodies could be seen. Hepatocytes showed
moderate hydropic degeneration with restored
normal lobular architecture. Fruit extract treated
group revealed a minimal presence of tumor
growth on the liver surface without being
infiltrated into hepatic tissue, moderate hydropic
degeneration of hepatocytes, and moderate
congestion with mild inflammatory infiltrate.
Cisplatin treated group has no evidence of tumor
cell growth on the liver surface. Liver tissue has
marked hydropic hepatocytes degeneration,
moderate congestion with severe inflammatory
infiltrate which could reveal hepatotoxicity.

Figure (1): Hematoxylin and Eosin (H&E) stained liver sections of albino mice 9 days post treatment. A:
negative control rats with normal liver architecture, hepatocytes are normal and arranged as cords in hepatic
lobules. Thin walled blood sinusoids (short arrow) and central vein are seen (long arrow), cells have
acidophilic cytoplasm with basophilic regions. B and C, liver of EAC bearing mouse showing massive growth
of malignant Ehrlich carcinoma cells (arrow) on the outer surface of the liver. Hepatocytes have hydropic
and vacuolar degeneration (B). C: marked infiltration by tumor cells into liver tissue with inflammatory
response and marked degeneration of hepatocytes. D and E, liver of EAC bearing mice after treatment with
A. muricata fruit extract illustrating mild tumor growth on the surface of liver tissue (arrow) (D). E:
moderate hydropic degeneration of hepatocytes and moderate congestion with mild inflammatory infiltrate
and improvement of liver tissue architecture with mild hemorrhage. F and G, liver of EAC bearing mice after
treatment with A. muricata leave extract showing mild tumor growth on the surface of liver tissue (arrow)
(F). G: mild hydropic degeneration of hepatocytes and moderate congestion with no inflammatory infiltrate.
Central vein is seen with normal appearance. H and K, liver of EAC bearing mice after treatment with
cisplatin showing no evidence of tumor growth on the surface of liver tissue (arrow), marked hydropic and
vacuolar degeneration of hepatocytes (H). K: no evidence of tumor cells infiltration into liver tissue, moderate
congestion with severe inflammatory infiltrates. The magnification power is 400 x.
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Kidney examination

In figure (2), the normal control group has
normal  kidney structure composed of
glomeruli and tubules. Glomeruli showed
capillary tuft with thin Bowman's space.
Proximal tubules lined by columnar cells with
abundant  eosinophilic  cytoplasm. Distal
tubules lined with low cubical cells and
separated by interstitium showed thin blood
vessels. Cancer non treated group has
extensive growth of multilayers of Ehrlich
cells on the outer kidney surface without tissue
infiltration, cells were enlarged with hyper
chromatic nuclei and nuclear pleomorphism,
no infiltration with tumor cells marked
hydropic degeneration of tubular epithelium
with marked swelling of cytoplasm and
marked congestion of vessels with areas of

treated group demonstrated mild tumor
residual growth on the kidney surface without
being infiltrated and mild necrosis with few
apoptotic ~ bodies. Minimal hydropic
degeneration of epithelium tubules which
mildly congested was observed. Fruit treated
group has no evidence of tumor growth in
kidney tissue and only showed mild hydropic
degeneration of tubules. Evidence of marked
necrosis was shown, moderate hydropic
degeneration of tubules with moderate
congestion. Cisplatin treated group showed no
evidence of tumor cell growth. Kidney tissue
revealed marked hydropic degeneration of
tubules with marked congestion of vessels.
Glomeruli showed focal increased cellularity
of mesangial cells, focal shrinkage, and
hyalinosis. Marked secondary changes on
kidney due to toxicity are observed.

hemorrhage and focal cystic changes. Leaf
‘%" ."‘. :(’Sf'

u
.

Figure 2: Hematoxylin and Eosin (H&E) stained transverse sections in kidneys of albino mice 9 days post
treatment. A: normal control mouse showing normal glomeruli and tubules. Glomeruli have capillary tuft, thin
Bowman'’s capsule space, and mesangial cells. Most of the tubules are lined by normal cuboidal cells with abundant
eosinophilic cytoplasm and separated by interstitium. B and C, kidney of EAC bearing mouse, B: showing massive
growth of malignant cells in multilayers on the outer surface of the kidney, C: showing marked hydropic
degeneration of tubular epithelium and marked congestion of vessels with areas of hemorrhage and focal cystic
changes. D and E, kidney of EAC bearing mouse after treatment with A. muricata fruit extract, D: showing
residuals growth of malignant cells on the outer surface of the kidney, E: marked improvement of kidney tissues
architecture with few areas of hemorrhage and mild congestion. F and G, kidney of EAC bearing mouse after
treatment with A. muricata leaves extract, F: very few residuals of malignant cells on the outer surface of the
kidney, G: revealing a marked improvement of kidney tissues architecture with few areas of hemorrhage and no
signs of inflammation could be seen. H and K kidney of EAC bearing mouse after treatment with cisplatin, H: no
evidence of malignant cells growth on the outer surface of the kidney, K: wide areas of hemorrhage and marked
signs of inflammation could be seen with hydropic changes in kidney cells and moderate congestion. The
magnification power is 400 X.
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Discussion

Cancer is a sophisticated disease originating
from the multiple effects of mutant gene
products, proto-oncogenes, tumor suppressor
genes, and DNA repair genes, promoting the
non-controlled growth and proliferation of
cancer cells [22]. Humans are exposed to a
diversity of cancer-inducing agents which may
act as initiators for the tumor formation. In fact,
the initiation of carcinogenesis may occur
many years before it is being diagnosed [23].
However, treatment with chemotherapies leads
to various kinds of toxicities and marked
problems in the treatment of cancer. Many
cancer therapies already in use are plant-
derived products [24, 25]. Meanwhile,
annonacin was reported to reduce tumor size
comparable to the chemical traded drug
cisplatin in vivo [26] and inhibited prostate
cancer proliferation [27].

The ascitic fluid is believed to be a
nutritional requirement for cancer cells growth,
and the rapid increase in the ascitic fluid
accompanied with growth of tumor could be
meet the nutritional components needed for
tumor cells [28]. The reduction in the viability
percent and tumor cell count in treated animals
may be due to the selective inhibition of cancer
cells via the epidermal growth factor receptor
(EGFR) down-regulation and inhibition
[29,30]. In vitro studies suggested that A.
muricata leaves extract is selectively toxic
against cancerous cells without harmful effects
on the healthy cells [31]. Moreover, the
stimulation of macrophages might promote the
release of different types of cytokines in the
peritoneal cavity that could have a role in the
killing of tumor cells [32]. Cisplatin has a
cytotoxic effect on EAC tumor cells which
contribute the major cellular component of
ascites fluid volume [33, 34].

White blood cells (WBCs) well known to
play a major role in the immune responses and
body protection against disease-causing agents
or abnormal cells [35]. The significant
increase in WBCs count in the cancer group
may be due to the activation of bone marrow
[33]. Anemia, reduction in RBC and/or
hemoglobin, may result either due to
insufficient iron content or due to hemolytic or
myelopathic cases [36]. The administration of

both leaf and fruit extracts almost restored Hb
concentration and ameliorate RBCs and WBCs
counts is in agreement with Usunobun and
Okolie, 2016 [37]. They proved the
improvement of immunological function and
decreased inflammation as protective actions
of A. muricata on the hemopoietic system.
Platelets play a major role in clot formation
during tissue damage and the regeneration of
new cells and tissues [38]. Reduction in
platelets count in experimental animals
indicated an adverse effect on the blood
oxygen-carrying  capacity as well as
thrombopoietin  [39]. Platelets count was
increased in both extracts treated groups due to
platelets activation in order to the high
contents of alkaloids, flavonoids, and phenols
with potent abilities to act as antioxidant
agents according to [40].

The most common liver enzymes AST and
ALT are favorable biomarkers of liver injury
[39]. When the liver is injured for any reason,
these enzymes are released into the blood
stream [41]. The significant increase in AST
and ALT activities in the cancer group could
be due to hepatocellular damage caused by
inoculation of EACs. The presence of tumors
is obvious to alter many activities of the body
vital organs, mostly the liver, regardless of the
tumor site [42]. AST and ALT were
dimensioned in both leaf and fruit extracts
treated groups perhaps due to the
hepatoprotective role of A. muricata [43] in
which the extracts are rich in antioxidants [44]
that have a role in the plasma membrane
stabilization in addition to repairing of the
hepatic damaged tissues [45]. AST and ALT
activities in  cisplatin  treated  group
significantly increased in comparison to the
normal control group. Liver damage induced
during that treatment with cisplatin had been
reported [46].

Anticancer chemical therapies induce
nephrotoxicity due to the consequences
accumulation of certain metabolites in the

kidneys [47]. The significant increase in serum
creatinine in the cancer group may be due to
the nephrotoxicity induced by EAC [48].
Creatinine was significantly decreased in both
extracts groups which may be due to the
nephroprotective role which attributed to their
antioxidant effect [49]. Creatinine was
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increased in cisplatin treated group in which
cisplatin can induce renal damage and
nephrotoxicity [50].

LDH is a metabolic enzyme commonly
expressed in various tissues and can be
detected in serum. The increased LDH activity
in the cancer group may be due to membrane
damage of cells [51]. LDH is increased in the
cases of tissue injury and could be a marker of
tumor burden in various types of cancer [52].
The decrease in LDH activity in both extracts
treatment groups may be due to the protective
effects of A. muricata against loss of
membrane integrity in which the extracts are
rich with flavonoids, saponins, alkaloids,
tannins, and ascorbic acid [37].

Many researchers suggested that ROS and
oxidative stress play a crucial role in the
pathogenesis of cancer [53]. Oxidative damage
leads to alteration in both membrane lipid
bilayer fluidity and permeability properties
that can induce lipid peroxidation [54]. MDA
is the end product of lipid peroxidation was
increased in the cancer group which may be
due to the increase of lipid peroxidation
induced by EAC. MDA was markedly
decreased in both extracts treated groups due
to the antioxidant activities of A. muricata
[55].

TAC has been developed to quantify the
intake of all known and unknown antioxidants
[56]. TAC revealed a significant decrease in
cancer group and almost restored to normal
levels after treatment with both extracts. This
could be attributed to the presence of
glycosides, proteins, saponins, tannins,
different phenolic compounds, alkaloids,
flavonoids, steroids and vitamin C [57].

The antioxidant glutathione, a powerful
inhibitor of the neoplastic operation, is mainly
found in a high concentration in the liver [35].
A relationship was defined between
glutathione content and catalase activity, that
any decrease in glutathione content causes a
decrease in catalase activity [58]. Lobo et al.,
[59] had reported that the decrease of GSH
content may be a result of the proliferating rate
of EAC cells. GSH can act either to detoxify
activate oxygen species such as H,O, or
reduce lipid peroxides themselves [60]. The
decrease in hepatic GSH in cancer group could

be due to inhibition in synthesis, or increased
consumption of GSH by oxidative stress [61].
While the increased GSH content in treated
groups may be due to repair of hepatic tissue
damage in which the liver is the organ of GSH
synthesis [45]. It was reported that A. muricata
extract enhances SOD and catalase activities,
increases GSH content and reduces MDA [55].

Histopathological examination of the liver
revealed extensive growth of malignant EAC
cells in cancer group on the outer surface of
the liver accompanied with  marked
inflammation. Migration of EAC tumor cells
into the liver parenchyma through ascites fluid
can lead to liver carcinoma and cellular
degeneration [62]. Leaf and fruit extracts
treated groups represented just residual tumor
growth without being infiltrated inside the
tissue, mild inflammation, and restored normal
lobular architecture which suggested to be due
to the hepatoprotective role of A. muricata.
These findings were in agreement with Samin
et al., [63]. Anyhow, histological results were
in parallel with the biochemical results which
showed enhancement in the levels of liver
enzymes ALT and AST. Cisplatin treated
group marked hydropic degeneration of
hepatocytes and massive inflammatory
infiltrate that indicate hepatotoxicity in
agreement with Yu et al., [46].

Regarding histopathological examination
of the kidney, In leaf and fruit extracts treated
groups, kidney showed mild residual tumor
growth without tissue infiltration, This could
be suggested due to A. muricata anti-
tumorigenic and anti-metastatic activities onto
internal tumors [64]. Current data indicates
that A. muricata extract has a protective effect
against kidney damage due to the presence of
saponins, flavonoids, tannins, and glycosides
that contribute to the treatment of various
diseases, including treatment for Kkidney
impairment [43]. Cisplatin treated group
showed marked regression of tumor and good
response, but with massive secondary changes
on the kidney. It was reported that cisplatin
inhibited proliferation and increased the
percentage of dead cells [65]. On the other
hand, cisplatin is a strong cellular toxin and its
nephrotoxicity is one of the most common
complications in clinical and experimental
trials [66].
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In conclusion, it could be suggested that the
leaf and fruit extracts of A. muricata have
beneficial anti-inflammatory effects and
anticancer activity. Both extractions have the
ability to ameliorate liver and kidney functions
resulting from oxidative stress occurred during
carcinogenesis. Biochemical and
histopathological results were in harmony and
supported this suggestion.

Conflict of interest

The authors declare that they have no
competing interests.

Acknowledgements

Great thanks and appreciation to Dr.
Hoyada Khaled, Lecturer of histology Faculty
of Science, Suez University, for here generous
cooperation in  the  histopathological
examination of tissue slides.

References

[1] Abdalla, A.; Xiao, L.; Ullah, M.\W., Yu,
M., Ouyang, C.; and Yang, G. (2018):
Current challenges of cancer Anti-
angiogenic therapy and the promise of
nanotherapeutics. Theranostics, 8 (2):
533-548. doi:10.7150/thno.21674.

[2] Sundaram, M., Patra, S. and Maniarasu,
G. (2012): Antitumor activity of ethanol
extract of Gracilaria edulis (Gmelin) silva
on Ehrlich ascites carcinoma-bearing
mice. Chin J Integr Med., 10 (4): 430-435.

[3] Vincent, T.; DeVita,J.and Edward, C.
(2018): A history of cancer chemotherapy.
Cancer Res., 68 (21): 8643-8652.

[4] Karayil, S. (2016): Cytotoxic activity of
Annona muricata L. leaf extract.
European j. biomed. pharm., 3 (7): 527-
530.

[5] Nelson, D.A.; Tan, T.T.; Rabson, A. B.;
Anderson, D.; Degenhardt, K. and White,
E. (2004): Hypoxia and defective
apoptosis drive genomic instability and
tumorigenesis. Genes Dev., 18 (17): 2095-
2107.

[6] Yuan, H.; Ma, Q.; Ye, L. and Piao, G,
(2016): The traditional medicine and
modern medicine from natural products.
Molecules, (21): 559-617.

[7] Alvarez-Suarez, J.M.; Gasparrini, M.;
Forbes-Hernandez, T. Y.; Mazzoni, L.
and  Giampieri, F. (2014): The
composition and biological activity of
honey: A focus on Manuka honey. Foods,
3 (3): 420-432.

[8] lbrahim, A. S.; Khaled, H. M.; Mikhail,
N.N.H.; Baraka, H. and Hossam, Kamel,
H. (2014) Cancer Incidence in Egypt:
Results of the National Population-Based
Cancer Registry Program. J Cancer
Epidemiol., 2014, 1-18.

[9] Atawodi, S.E. (2011): Nigerian foodstuffs
with prostate cancer chemopreventive
polyphenols. Infect Agent Cancer, 6 (2):
S9.

[L0]Achkar, I.W.; Abdulrahman, N.; Al-
Sulaiti, H.; Joseph, J.M.; Uddin, S. and
Mraiche, F. (2018). Cisplatin based
therapy: the role of the mitogen activated
protein kinase signaling pathway. J transl
med., 16(1): 96.

[11]Islam, K.; Ali, S.M.; Jesmin, M. and
Khanam, J.A. (2012). In vivo anticancer
activities of benzophenone semicarbazone
against Ehrlich ascites carcinoma cells in
swiss albino mice. Cancer biol med., 9(4),
242-247.

[12] Barakat, W.;. Elshazly, S. M.
and Mahmoud, A. A. A. (2015): Spirulina
platensis Lacks Antitumor Effect against
Solid Ehrlich Carcinoma in Female Mice.
Adv Pharmacol Sci., 2015: 1-8.

[13] National Research Council (US) Institute
for Laboratory Animal Research. The
Development of Science-based Guidelines
for Laboratory Animal Care: Proceedings
of the November 2003 International
Workshop. Washington (DC): National
Academies Press (US); 2004. D,
International  Guiding Principles  for
Biomedical Research Involving Animals
(1985) Available from:
https://www.ncbi.nlm.nih.gov/books/NBK
25438.

[14]Foong, C. P. and Abd Hamid, R. (2012):
Evaluation of anti-inflammatory activities
of ethanolic extract of Annona muricata
leaves. Revista Brasileira de
Farmacognosia, 22 (6): 1301-1307.

243


https://www.ncbi.nlm.nih.gov/pubmed/?term=Yuan%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27136524
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ye%20L%5BAuthor%5D&cauthor=true&cauthor_uid=27136524
https://www.ncbi.nlm.nih.gov/pubmed/?term=Piao%20G%5BAuthor%5D&cauthor=true&cauthor_uid=27136524
https://www.hindawi.com/95286251/
https://www.hindawi.com/43486753/
https://www.hindawi.com/41629614/
https://www.hindawi.com/41629614/
https://www.hindawi.com/96587931/

Zag Vet J, Volume 47, Number 3, p. 234-247, September 2019

Hassan et al., (2019)

[15]Orlando, V.S.; Glauciemar, D.V.; Jose,
Jesus, R.G.; Pinho, C.; Hitomi, Y. and
Maria, S.A. (2010): Antinociceptive and
anti-Inflammatory activities of the ethanol
extract of Annona muricata L. Leaves in
animal models Int. J. Mol. Sci, (11): 2067-
2078.

[16]El-Nagger, S.A. (2011): Lack of the
beneficial effects of mirazid (Commiphora
molmol)  when  administered  with
chemotherapeutic agents on Ehrlich
ascetic carcinoma bearing mice. Adv.
Biol. Res, 5 (4): 193-199.

[17]Reitman, S. and Frankel, S. (1957): A
calorimetric method for the determination
of serum GOT and GPT. American
Journal of Clinical Pathology, 28: 56-63.

[18] Ohkawa, H.; Ohishi, N. and Yagi, K.
(1979): Assay for lipid peroxides in
animal tissues by thiobarbituric acid
reaction. Analytical biochemistry, 95(2):
351-358.

[19] Koracevic, D.; Koracevic, G.; Djordjevic,
V.; Andrejevic, S. and Cosic, V. (2001):
Method for the measurement of
antioxidant activity in human fluids.
Journal of clinical pathology, 54(5): 356-
361.

[20]Zimmerman, H.J. and Henery, J.B.
(1979): Clinical enzymology. In: Clinical
diagnosis and management by laboratory
methods, 16 th., JB Henery, editor,
saunders, philadelphia, pp 365-368.

[21]Bancroft, J.D.; Stevens, A. and Turner,
D.R. ( 1996) :Theory and practice of

histological ~ techniques. Edinburgh,
London, Melbourne, Churchill
Livingstone. - 4th ed.

[22] Lengauer, C,; Kinzler, K.W. and
Vogelstein, B. (1998): Genetic

instabilities in human cancers. Nature, 396
(6712): 643-649.

[23]Gills, J. J.; Jeffery, E.H.; Matusheski,
N.V.; Moon, R. C.; Lantvit, D. D. and
Pezzuto, J. M. (2006): Sulforaphane
prevents mouse skin tumorigenesis during
the stage of promotion. Cancer Letters,
236 (1): 72-79.

[24] Desai, A.G.; Qazi, G.N.; Ganju, R.K;;
El-Tamer, M.; Singh, J.; Saxena, A.K.
and Bhat, H. K. (2008): Medicinal plants
and cancer chemoprevention. Curr Drug
Metab.,. 9 (7): 581-591.

[25]Hamizah, S.; Roslida, A.H.; Fezah, O.;
Tan, K. L.; Tor, Y.S. and Tan, C.l.
(2012): Chemopreventive potential of
Annona muricata L leaves on chemically-
induced skin  papillomagenesis in
mice. Asian Pac J Cancer Prev., 13 (6):
2533-2539.

[26] Wang, A.Q.; Min, B.S., Nakamura, N.,
Qin, G.; Li, CJ.; Hattori, M. (2002).
Annonaceous acetogenins from the leaves

of Annona montana. Bioorg. Med.
Chem., 10: 561-565
[27] Yang C.; Gundala, S.R.; Mukkavilli,

R.; Vangala, S.; Reid M.D. and Aneja, R.
(2015): Synergistic interactions among
flavonoids and acetogenins in Graviola

(Annona  muricata) leaves  confer
protection  against prostate  cancer.
Carcinogenesis. 36 (6):656-665.
[28]Prasad, S.B. and Giri, A. (1994):
Antitumor effect of cisplatin against

murine ascites Dalton's lymphoma.Indian
J Exp Biol., 32: 155-162.

[29] Dai, Y.; Hogan, S.; Schmelz, E. M.; Ju, Y.
H.; Canning, C. and Zhou, K. (2011):
Selective growth inhibition of human
breast cancer cells by graviola fruit extract
in vitro and in vivo involving
downregulation of EGFR expression. Nutr
Cancer, 63 (5): 795-801.

[30]loannis, P.; Anastasis, S. and Andreas, Y.
(2015): Graviola: A systematic review on
its anticancer properties. Am. J. Cancer
Prev,, 3(6): 128-131.

[31]O’Connor, L.; Huang, D. C.; O’Reilly, L.
A. and Strasser, A. (2000): Apoptosis
and cell division: Commentary. Curr.
Opin. Cell Biol., 12 (2): 257-263.

[32] Khanam, J.A.; Islam, M. F.; Jesmin, M.;
Ali, M.M. (2010): Antineoplastic activity
of acetone semicarbazone (ASC) against
Ehrlich ascites carcinoma (EAC) bearing
mice. J.Nat. Sci. Found. .SRI, 38 (4):
225-231.

244


https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25863125
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gundala%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=25863125
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mukkavilli%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25863125
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mukkavilli%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25863125
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vangala%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25863125
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reid%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=25863125
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aneja%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25863125
https://www.ncbi.nlm.nih.gov/pubmed/25863125

Zag Vet J, Volume 47, Number 3, p. 234-247, September 2019

Hassan et al., (2019)

[33]Kim, S.; Kim, B. and Song, Y. S. (2016):
Ascites modulates cancer cell behavior,
contributing to tumor heterogeneity in
ovarian cancer. Cancer Sci., 107 (9):
1173-1178.

[34]Osman, A.M.M,; Algahtani, A.A.;
Damanhouri, Z.A.; Al-Harthy, S.E,;
ElIShal, M.F.; Ramadan, W.S. and Kbhan,
L. M. (2015): Dimethylsulfoxide
excerbates cisplatin-induced cytotoxicity
in Ehrlich ascites carcinoma cells. Cancer
Cell Int., 15 (1): 104.

[35]Lee, Y. J.; Lee, H. R,; Shim, J. Y,
Moon, B. S.; Lee, J. H. and Kim, J. K.
(2010): Relationship between white blood
cell count and nonalcoholic fatty liver
disease. Dig.Liver Dis., 42 (12): 888-894.

[36]Sinclair, A.J.; Barnett, A.H. and Lunec,
J. (1990): Free radicals and antioxidant
systems in health and disease. Br. J. .
Hosp. Med., 43 (5): 334-344.

[37]Usunobun, U. and Okolie, N. (2016):
Effect of Annona muricata pre-treatment
on liver synthetic ability, kidney function
and  hematological  parameters in
dimethylnitrosamine (DMN)-administered
rats. Int. J.Med., 4 (1): 1-5.

[38] Agu, K.C.; Okolie, N.P., Eze, I.; Anionye,
JC. and Falodun, A. (2017):
Phytochemical analysis, toxicity profile,
and hemomodulatory  properties  of
Annona muricata (Soursop). Egypt. J.
Haematol., 42 (1): 36-44.

[39] McLellan, S.A.; McClelland, D.B.L. and
Walsh, T.S. (2003): Anaemia and red
blood cell transfusion in the critically ill
patient. Blood Reviews, 17 (4): 195-208.

[40]Ezejindu, D.U.; Udemezue, 0.0,
Ckukwukekwu, 1. E. and Nwajagu, G.
I. (2014): The effects of ethanolic
leaf-extract of Annona muricata on
liver enzymes of adult Wister rats.
Unique Research J., 2 (5): 84-81.

[41] Sushmita, C.; Latika, S. and Manoranjan,
P. S. (2012): Phytochemical and
antimicrobial ~ screening of  Annona
muricata leaf-extracts against clinical
important  gastrointestinal  pathogens.

J.Nat. Prod. Plant Resource, 2 (4): 524-
529.

[42]De Wys. (1982): Pathophysiology of
cancer cachexia: current understanding
and areas for future research. Cancer Res.,
42 (2): 721s-726s.

[43] Arthur, F.K.N.; Woode, E.; Terlabi, E.O.
and Larbie, C. (2011): Evaluation of
acute and subchronic toxicity of Annona
Muricata (Linn.) Aqueous extract in
animals. Eur. J. Exp. Biol., 1 (4) : 115-
124.

[44] Syahida, M.; Maskat, M.Y.; Suri, R.;
Mamot, S. and Hadijah, H. (2012):
Soursop (Anona muricata L.): blood
hematology and serum biochemistry of
Sprague-Dawley rats. Int. Food Res. J., 19
(3): 955-959.

[45] Owolabi, F.; William, O.E. and Edeh, O.J.
(2013): Annona muricata nutritional
value. Nature, 10(20):234-237.

[46] Yu, Y.N.; Chen, H. and Li, Y. (2009):
Effect of bicyclol on Cisplatin-induced
hepatotoxicity in the hepatocarcinoma 22
tumour-bearing  mice.  Basic  Clin
Pharmacol Toxicol., 104 (4): 300-305.

[47]Sener, G.; Sehirli, A.O. and
Ayanoglu-Dulger, G. (2003): Protective
effects of melatonin, vitamin E and
N-acetylcysteine against acetaminophen
toxicity in  mice: a comparative
study. J.Pineal Res., 35 (1): 61-68.

[48] Robbins, M. E.; O'Malley, Y.; Zhao, W.;
Davis, C. S. and Bonsib, S. M. (2001):
The role of the tubulointerstitium in
radiation-induced renal fibrosis. Radiat
Res., 155 (3): 481-489.

[49] Adewole, S.O. and Caxton-Martins, E.A.
(2006): Morphological changes and
hypoglycemic effects of Annona muricata
linn.(annonaceae) leaf agueous extract on
pancreatic B-cells of streptozotocin-treated
diabetic rats. Afr.J.Biomed. Res.,9 (3):
173-181.

[50] Hayati, F.; Hossainzadeh, M.;
Shayanpour, S.; Abedi-Gheshlaghi, Z. and
Mousavi, S.S.B. (2016): Prevention of
cisplatin nephrotoxicity. J.Nephro
Pharmacol., 5(1): 57-60.

245



Zag Vet J, Volume 47, Number 3, p. 234-247, September 2019

Hassan et al., (2019)

[51]Chan, F.K.M.; Moriwaki, K. and De
Rosa, M.J. (2013): Detection of necrosis
by release of lactate dehydrogenase
activity. Methods Mol Biol., 979: 65-70.

[52]Walenta, S. and Mueller-Klieser, W.F.
(2004): Lactate: mirror and motor of
tumor malignancy. Semin Radiat Oncol.,
14: 267-274.

[53]Jenner, P. (2003): Oxidative stress in
Parkinson's disease. Ann Neurol., 53:
S26-36.

[54]Pandey, B.N. and Mishra, K.P. (2003): In
vitro studies on radiation induced
membrane oxidative damage in apoptotic
death of mouse thymocytes. International
Journal of Low Radiation, 1 (1): 113-1109.

[55] Moghadamtousi, S.Z.; Rouhollahi, E.;
Hajrezaie, M.; Karimian, H.; Abdulla,
M.A. and Kadir, H.A. (2015): Annona
muricata leaves accelerate wound healing
in rats via involvement of Hsp70 and
antioxidant defence. Int. J. Surg., 18: 110-
117.

[56]Halvorsen, B.L.; Holte, K.; Myhrstad,
M.C.; Barikmo, |I.; Hvattum, E.;
Remberg, S.F. Moskaug, @.; Jacobs D.R.
and Blomhoff, R. (2002): A systematic
screening of total antioxidants in dietary
plants. J. Nutr., 132 (3): 461-471.

[57] Mohammed, M.T. (2014): Study of some
Miswak (Salvadora persica L)
components and effect of their aqueous
extract on antioxidant. Iragi Postgrad Med
J., 13(1): 55-60.

[58]Allen, R.G.; Toy, P.L.; Newton, R.K;;
Farmer, K.J. and Sohal, R.S. (1985):
Effects of experimentally altered
glutathione levels on life span, metabolic
rate, superoxide dismutase, catalase and
inorganic peroxides in the adult housefly,
(Musca  domestica). Comp  Biochem
Physiol C., 82 (2): 399-402.

[59]Lobo, C.; Ruiz-Bellido, M.A.; Aledo,
J.C.; Marquez, J.; De Castro, I.N. and
Alonso, F.J. (2000): Inhibition of
glutaminase expression by antisense
MRNA decreases growth and
tumourigenicity of tumour cells. Biochem
J., 348 (2): 257- 261.

[60] Sivakumar, P.; Sunil, M.; Vijayabaskaran,

M.; Kumar, R. S.; Perumal, P. and
Jayakar, B. (2010). Antitumor and
antioxidant  activities of  Triumfetta
rhomboidea against Ehrlich  ascites
carcinoma  bearing  Swiss  albino

mice. Res. J. Pharm. Biol. Chem. Sci., 1
(4): 486-494.

[61] Adewole, S. and Ojewole, J. (2009):
Protective effects of Annona muricata
Linn. (Annonaceae) leaf aqueous extract
on serum lipid profiles and oxidative
stress in hepatocytes of streptozotocin-
treated diabetic rats. Afr J Tradit
Complement Altern Med.., 6 (1): 30-41.

[62]Islam, F.; Ghosh, S. and Khanam, J.A.
(2014): Antiproliferative and
hepatoprotective activity of metabolites
from Corynebacterium xerosis against
Ehrlich ascites carcinoma cells. Asian Pac
J Trop Biomed., 4: 284-292.

[63] Samin, B.; Fachrial, E.; Refilda; Chaidir,
Z.; and Almahdy, A. (2016): Protective
Effect of Aqueous Extract of Annona
muricata Leaves against copper induced
hepatotoxicity in experimental rats. . Res.
J. Pharm.Biol. Chem Sci.,,7(6): 880-885.

[64] Gavamukulya, Y.; Wamunyokoli, F.

and EI-Shemy, H.A. (2017): Annona
muricata: Is the natural therapy to most
disease conditions including cancer

growing in our backyard? A systematic
review of its research history and future
prospects. Asian Pac J Trop Biomed., 10
(9): 835-848.

[65]Shirmanova, M.V.;  Druzhkova, I.N;
Lukina, M.M.; Dudenkova, V.V.;
Ignatova, N.I.; Snopova, L.B. and

Zagaynova, E.V. (2017): Chemotherapy
with cisplatin: insights into intracellular
pH and metabolic landscape of cancer
cells in vitro and in vivo. Sci. Rep., 7 (1):
1- 13.

[66] Filipski, K.K.; Loos, W.J.; Verweij, J.
and Sparreboom, A. (2008): Interaction
of Cisplatin with the human organic cation
transporter 2. Clin. Cancer Res., 14 (12):
3875-3880.

246


https://www.ncbi.nlm.nih.gov/pubmed/23397389
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blomhoff%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11880572
https://www.ncbi.nlm.nih.gov/pubmed/2866912
https://www.ncbi.nlm.nih.gov/pubmed/2866912
https://www.ncbi.nlm.nih.gov/pubmed/20162039
https://www.ncbi.nlm.nih.gov/pubmed/20162039
https://www.ncbi.nlm.nih.gov/pubmed/25183099
https://www.ncbi.nlm.nih.gov/pubmed/25183099
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gavamukulya%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=29080611
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wamunyokoli%20F%5BAuthor%5D&cauthor=true&cauthor_uid=29080611
https://www.ncbi.nlm.nih.gov/pubmed/?term=El-Shemy%20HA%5BAuthor%5D&cauthor=true&cauthor_uid=29080611
https://www.ncbi.nlm.nih.gov/pubmed/25183099

Zag Vet J, Volume 47, Number 3, p. 234-247, September 2019 Hassan et al., (2019)
@l paidlal

& (Annona muricata ¢ aal) Aaddl) it §) ¥ 9 4gSWl aldivial 4 g1l g A0Sl 430 gl) < il
Obm‘ g—si g.iﬁu".\u‘f\ &\.‘J‘ oLhJu
T ae Calale 5 7 axial ae a2 ¢ T g Gasale ' Glus Calk s
s ) 53 sl ¢ o slad) S ¢ gl guall ol
WJﬁauL;ce)H\:g\Ec;w\euﬁr
s 53 Faalas ¢ Al 3K ¢y gaal) slaasl and T
8055 Ailasl Jal sall (e el 4l gan 8 iy A8 Jal el Ba3aie Badaall ial e (e la ) tiny
5 Ls Aaaitaall U yaall alumall cilaSlall (e dpell aa g 310 Jiaill JSUGe ) A8LaaYL Al 5 Al all
lcaal) Taliall agil Al Hall o3 g jad 38y Ll Gany Glld i Ly Al aliaa (e 5 AL 1 46yl diie Lgadana
B Sy a0l Slastid a3 Annona muricata ¢ _easll ddaidl) el 3 sY) 5 AgSLall aldina (U yull
S (e (g il s il alasind o5 (Erlich) gl WAy (sl i satll 3 Letia Guob e elandl o) )
¢Aallas oall SEuELY) sl )l s e daiay jall 5 ¢ Apdal) Adailiall ¢ Cile gane Gued ) Lgapaadil o35 il ) yadl)
C(paS/ pade Yo v) Gl sV paliiusey Aallaall iy all 5 ¢ (a2 / aade Yo +) AUl aliione dadlad) Ay sl 5
gl LB Gl (sl e delis £A 2ay 30006 L)) A 30l (aaS / pale V) Bl ey dallaall Ay all
ol aay L pale IS8 &l ) LA sae 5 ¢ Alaain¥) Bl anas 8 (5 sine pnlids) iliill o yelal 85 (Ehrlich)
gl Guand Amplall Leadl (il S 2SI by 33) Balail 5 4 seal) Claleall (8 (sad Graaliiid) (e S0
IR (e 3V Cilaliae Lol i i (MDA) 2820l sl llall s (LDH)  as 3l s Galéds) 3y 5k e sanslill
(GSH) ¢sfilislall 5 ¢ (SOD) i sanud 3uS sl g o 33 Bl s ¢« (TAC) A8l 5208V lalima 58 55804 5
Ll paall LAY sl Jagale (aléds) KI5 2SI AniidlY 35S g pSaal) anidll elal LS (CAT) il ddasil
ol iy yall Ao genall e Jlad) g LaS daia¥) Jals ) LAY ells J1as 5 g0 ASH 5 Sl o jlal) <haddl e
8y A ) AV Bl 5 A ) A A (e g A1 8 L ald) L) dadi a8 Lial 5 Aadles
41 Annona muricata s aall ddadall il 31 5Y) 5 18U Galiive of A dul jall cuals S5 el LS 51
e Gy U )y sl alagd agaad 850 e () 5S5 O Sy BnSD Balicas ailiad 5 Gl ] sliae Lol
slzac)

247



