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INTRODUCTION 

Cancer is a very complex disease. Decades of elaborated 

genetic analysis have revealed that there are nearly one 

thousand legendary cancer-associated genes in humans 

(~ 250 oncogenes, ~ 700 tumor suppressors). The world 

health organization reported that Cancer is the second 

leading reason behind death globally.[1] 

 

The word cancer derives from the father of medicine, 

Hippocrates, who used the Greek word Karakinos to 

explain tumours. Progress in understanding and treating 
cancer has been slow and its origin from the 

development of pathological anatomy, ranging from the 

eighteenth century. 

 

The traditional medical literature reported that physicians 

recommended the use of some natural, and particularly 

plant products, that represent an interesting point of 

comparison with current knowledge. 

 

Colorectal cancer (CRC) is recorded to be the third most 

typical cancer worldwide after bronchus and breast 

cancers with two-thirds of all colorectal cancers 
occurring within the most developed regions of the 

whole world. CRC affects men and women of all racial 

and ethnic groups, and is most often found in those aged 

50 years or older.[2] 

 

In Egypt, CRC represents 3 per- cent of all malignant 

tumors. It is the third most common tumor in males after 

urinary bladder and lymphohemopoietic malignancies, 

and in females it ranks fifth after breast, 

lymphohemopoietic, cervical, and urinary bladder 

cancers.[3] Recent interest in Egyptian CRC has been 

raised when personal observations and epidemiologic 

studies revealed a high incidence of the disease among 

the young Egyptian population.[4] 

 

Natural product play a relevant role in cancer medicine 
nowadays with substantial numbers of antitumor agents 

employed in the clinic being either natural or derived 

from natural product from varied sources like plants, 

animals and microorganisms. During the last few years, 

natural-product-based drug discovery has increased 

based on new technologies, such as combinatorial 

synthesis and high-throughput screening, and their 

associated approaches. 

 

It is well known that an increased consumption of fruits 

and vegetables is associated with a reduced risk of most 

cancers.[5] For this reason, the potential of natural 
products in therapies has been widely investigated.[6] 

 

A medical plant, Graviola (Annona muricata L.), is a 

native of North America and rarely grows in India. Its 

fruits are mainly processed as juices, ice cream, jams and 
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ABSTRACT 

The purpose of this study was to examine the anti-tumor effect of Graviola and/ or Cranberry on colorectal cancer 

cell lines (Caco2). Graviola and/or Cranberry were obtained and tested in vitro for their anti-proliferative activity 

against the colorectal cell lines (Caco2) for 24h by the MTT cell viability assay. DNA fragmentation was assessed 

by gel electrophoresis. Trypan blue assay was performed to determine the viability of cells. DNA content and 

distribution in different stages of cells and cell death were measured by flow cytometry. The result of this study 

highlighted the anti-tumor effect of Graviola and or Cranberry on Caco2. Moreover IC50 concentration of Graviola 

alone or with Cranberry were able to inhibit more than half of the percentage of colorectal cancer cell lines 

indicating an interesting anti-proliferating activity of Graviola alone or with Cranberry. This study suggests that 

Graviola alone or with Cranberry could be used as a source of natural anti-proliferative agent and thus could be 

useful as anti-tumor agent against colorectal cancer cells and is worth further investigation. 
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sweets. The peels, leaves, stems, roots and fruit seeds 

also are well-known and wide employed in ancient 

drugs, containing an unlimited style of chemical 

compounds known for their medicative properties.[7-10] 

Graviola leaves are wealthy in bioactive compounds and 

have a high inhibitor capability. Therefore, they can be 
used in an array of high-value-added products, such as 

dietary supplements and phytotherapics. It has a large 

potent anticancerous agents coined as Acetogenins that 

play a key role towards many sorts of cancer, 

Acetogenins are potent inhibitors of NADH enzyme of 

the plasma membranes of cancer cells. 

 

Phytochemical screening of Graviola leaves extracts 

revealed that they are rich in secondary metabolites such 

as alkaloids, saponins, terpenoids, flavonoids, coumarins 

and lactones, anthraquinones, tannins, cardiac 

glycosides, annonaceous acetogenins and phenols.[7,11] 
The high presence of synthetic resin compounds confers 

potent inhibitor capability to the leaves and their extracts 

(Nawwar et al., 2012). They can avert the onset and/or 

progress of oxidative disorders, moreover as lower the 

danger of diseases like cancer, arthritis and other 

diseases that occur throughout aging.[12,13] 

 

The major bioactive element that are extracted from 

completely different components of the Graviola plant 

are referred to as Annonaceous acetogenins. These are 

derivatives of long chain (C35 or C37) fatty acids 
derived from the polyketide pathway[14] they are by 

selection ototoxic to cancer cells, as well as multidrug-

resistant tumor cell lines.[15-17] Annonaceous acetogenins 

induce toxicity to cells by inhibiting the mitochondrial 

complex I, which is concerned in nucleotide synthesis.[16] 

As cancer cells have a better demand for nucleotide than 

the conventional cells, mitochondrial complicated I 

inhibitors have potential in cancer medical therapy. 

 

Although a few in vitro reports have shown the cytotoxic 

characteristics of Graviola against various cancer cell 

lines, including colorectal cells[14], the comprehensive in 
vivo effects and mechanistic scientific studies are still 

lacking. 

 

Cranberries are rich in bioactive constituents reported to 

influence a variety of health benefits, ranging from 

improved immune function and decreased infections to 

reduced cardiovascular disease and more recently cancer 

inhibition. A review of cranberry analysis targeting 

cancer discovered positive effects of cranberries or 

cranberry derived constituents against[18] completely 

different cancers utilizing a range of in vitro techniques, 
whereas in vivo studies supported the restrictive action 

of cranberries toward cancers of the stomach, colon, 

bladder, prostate, brain and lymph tumor. Mechanisms of 

cranberry linked cancer inhibition embrace cellular death 

induction via cell death, necrosis and autophagy, 

reduction of cellular proliferation and modification of 

protein and signal transduction pathways. 

 

The cancer restrictive potential of cranberries and 

cranberry derived product is being elucidated supported 

multiple in vitro investigations and a little range in vivo 

studies. A significant amount of research shows 

cranberry derived constituents decrease cancer cell 

density, viability and proliferation.[19] 
 

Immortal cell lines are often used in research in place of 

primary cells as they offer several advantages they are 

cost effective, easy to use, provide an unlimited supply 

of material and bypass ethical concerns associated with 

the use of animal and human tissue. Cell lines also 

provide a pure population of cells, which is valuable 

since it provides a consistent sample and reproducible 

results. Cell lines have revolutionized scientific research 

and are being used in vaccine production, testing drug 

metabolism and cytotoxicity, antibody production, study 

of gene function, generation of artificial tissues (e.g., 
artificial skin) and synthesis of biological compounds 

e.g., therapeutic proteins.[20-22] 

 

Both MTT and trypan blue assays are routine and 

convenient methods for determination of cell 

viability.[23,24] The MTT assay is a colorimetric assay, 

which is based on the cleavage of the yellow tetrazolium 

salt MTT to purple formazan crystals only by viable 

cells. Usually, it is performed in plates and measured the 

absorbance using the micro-plates reader. The Trypan 

blue assay is dye exclusion staining assay, which is 
based on uptake of trypan blue dye by dead cells due to 

loss of their membrane integrity, so the dead cells appear 

darker than the viable cells. It is measured by using a 

hematocytometer and a microscope or cell counting 

instruments. 

 

Apoptosis, or programmed death of the cell, is a lively, 

sequence directed sort of necrobiosis that is completely 

different from cell necrosis with relation to its 

morphology, bio-chemistry, medical and biological 

significance. Many varieties of mammals cells undergo 

apoptosis throughout typical development or in response 
to a different stimuli, including desoxyribonucleic acid 

damage, growth factor deprivation, and tumor suppressor 

genes.
[25,26]

 Apoptosis may be a widely accepted, vital 

mechanism that contributes to cell growth reduction. 

 

Thus, the aim of the present study was to assess the 

therapeutic effect of either Graviola or Cranberry alone 

or synergetically as medical natural plants in the 

treatment of colorectal cancer cells. 

 

MATERIALS AND METHODS 
- Cell lines: The human cancer cell lines: colorectal 

adenocarcinoma (Caco2), cell line Caco2 was obtained 

from the Egyptian Company for Vaccine and Serum 

(VACSERA, Cairo, Egypt) .The cells were cultured in 

RPMI 1640 (Sigma, St. Louis, MO) supplemented with 

10 percent fetal bovine serum (Sigma, St. Louis, MO) 

and 100mg/mL streptomycin, 100 U/mL penicillin. 

Subsequently, the cells were distributed in 96-well plates 

https://08101uia3-1105-y-https-www-sciencedirect-com.mplbci.ekb.eg/topics/earth-and-planetary-sciences/antioxidants
https://08101uia3-1105-y-https-www-sciencedirect-com.mplbci.ekb.eg/topics/earth-and-planetary-sciences/secondary-metabolite
https://08101uia3-1105-y-https-www-sciencedirect-com.mplbci.ekb.eg/topics/earth-and-planetary-sciences/alkaloids
https://08101uia3-1105-y-https-www-sciencedirect-com.mplbci.ekb.eg/topics/earth-and-planetary-sciences/tannin
https://08101uia3-1105-y-https-www-sciencedirect-com.mplbci.ekb.eg/topics/earth-and-planetary-sciences/glucosides
https://08101uia3-1105-y-https-www-sciencedirect-com.mplbci.ekb.eg/topics/earth-and-planetary-sciences/phenol
https://08101uia3-1105-y-https-www-sciencedirect-com.mplbci.ekb.eg/topics/earth-and-planetary-sciences/phenolic-compound
https://08101uia3-1105-y-https-www-sciencedirect-com.mplbci.ekb.eg/topics/earth-and-planetary-sciences/arthritis
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at 37C and 5% CO2 in air and incubated for 24 h. The 
stock solution was diluted to obtain different 

concentrations of 10000, 5000, 2500, 1000, 625, 312.5, 

100, 78.1 and 10. IC50 values were calculated and the 

morphological changes were examined under light 

microscope (Nikon, Japan). 

 

- Graviola and Cranberry: Graviola was supplied from 
USA nowfoods.com, while Cranberry was purchased 

from future pharmaceutical Industries. 

 

- Cell Viability assay (MTT assay): Cell viability 

percentage was determined by MTT as modified by 

Elsayed et al.[27] Briefly, the 96 well tissue culture plate 

was inoculated with 1 X 105 cells / ml (100 ul / well) and 

incubated at 37C for 24 hours to develop a complete 
monolayer sheet. Growth medium was decanted from 96 

well micro titer plates after confluent sheet of cells were 

formed, cell monolayer was washed twice with wash 

media. Then, two-fold dilutions of tested sample were 

made in RPMI medium with 2% serum (maintenance 
medium). 0.1 ml of each dilution was tested in different 

wells leaving 3 wells as control, receiving only 

maintenance medium. Plate was incubated at 37C and 
examined. Subsequently, cells were checked for any 

physical signs of toxicity, e.g. partial or complete loss of 

the monolayer, rounding, shrinkage, or cell granulation. 

MTT solution was prepared (5mg/ml in PBS) (BIO 

BASIC CANADA INC) then 20ul MTT solution were 

added to each well and placed on a shaking table, 

150rpm for 5 minutes, to thoroughly mix the MTT into 

the media. Incubation (37C, 5% CO2) for 1-5 hours was 

performed to allow the MTT to be metabolized. 

Formazan (MTT metabolic product) was resuspended in 
200ul DMSO and then placed on a shaking table, 

150rpm for 5 minutes, to thoroughly mix the formazan 

into the solvent. Optical density at 560nm was read and 

subtracted from background at 620nm. 

 

- Trypan Blue Staining: Cells were incubated with 

trypan blue stain (Invitrogen, 15250–061). Cells that 

excluded the dye (viable) and cells that retained the dye 

(dead) were counted on haemocytometer slide under 

light microscope. Samples were diluted in Trypan blue 

dye of an acid azo exclusion medium by preparing a 1:1 
dilution of the cell suspension using a 0.4% trypan blue 

solution. 

 

- Antioxidant Enzymes: Lipid peroxidation was 

determined according to Rao and Sresty[28] by estimating 

the Malondialdehyde (MDA) content. Catalase activity 

(CAT) was determined according to Bergmeyer[29] and 

μmoL H2O2 destroyed per min was defined as one unit 

CAT. Glutathione Reductase (GSR) activity was 

measured according to Foyer and Halliwell.[30] One 

enzyme unit is defined as μmoL mL-1 oxidized 

Glutathione per min. Superoxide Dismutase (SOD) 
activity was assayed based on the method of Beauchamp 

and Fridovich
[31]

 and the specific enzyme activity was 

expressed as units’ mg-1 protein g FW. 

- DNA fragmentation: To extract DNA, the tissues were 

lysed by incubation for 5min with 1mL of lysis buffer 

(1% N-SDS, 20mM Tris-HCl pH 8.0, 5mM EDTA), and 

the cell lysates were collected and transferred into 15mL 

corning tubes. Proteins were digested overnight by 
incubation with 100µg/mL proteinase K at 37◦C, then 

7.5M-ammonium acetate and phenol-tris (pH8) 

chloroform (2:1, v/v) were added to the homogenate. 

After centrifugation for 5min at 6000rpm at 10 ◦C, the 

aqueous supernatant was transferred to Ependorf tubes 

and incubated for 5min at 37◦C to eliminate traces of 

chloroform. After centrifugation for 5min at 6000rpm at 

10 ◦C, the DNA in the aqueous supernatant was 

precipitated at −10◦C for 4h with ethanol. The mixture 

was centrifuged for 45min at 6000rpm at 4 ◦C, and the 

supernatant removed. The pellet was rinsed with 70% 

ethanol, dried at room temperature for 2h, and 
resuspended in 200µL of TE 20–1 (20mM Tris-HCl pH 

8.0, 1mM EDTA) for DNA quantification by UV 

spectrophotometry at 254 nm. Loading buffer was added 

to 10ul of DNA for each treatment, and the samples were 

analysed by electrophoresis on a 1% agarose gel with a 

TBE running buffer (44mM Tris–HCl, 44mM boric acid, 

50mM EDTA, pH 8.0).[32] 

 

- Cell Cycle analysis: Caco2 cells (5×105cells/well) 

were plated in six-well microplates. The cells were 
washed twice with PBS, suspended in 300μl of PBS, and 

finally fixed with 4 ml of ice-cold 70% ethanol. To stain 

them with propidium iodide (PI), cell sedimentation was 

performed by centrifugation, the ethanol was removed 

and the cells were washed once with PBS. The cell 

pellets were then resuspended in 1 ml of PI/Triton X-100 

staining solution consisting of 0.1% Triton X-100 in 

PBS, 0.2 mg ml−1ribonuclease enzyme A and10 mg 

ml−1PI, and incubated for 30 min at room temperature. 

The stained cells were analyzed using a MoFlo flow 

cytometer (Dako Cytomation, Glostrup) to calculate the 
percentages of cells occupying the different phases of the 

cell cycle.[33] The kit used for enzyme assay was 

ab139418 Propidium iodide flow cytometry kit/BD and 

the solvent DMSO. 

 

Statistical analysis: Statistical differences among groups 

were assessed by one-way ANOVA. The results are 

shown as mean ± S.D. Values of p less than 0.05 were 

considered statistically significant. 

 

RESULTS 

MTT Assay: Anticancer Activity against Caco-2 
Colorectal Cancer Cell Line: 24 hours after treatment 

with Graviola and Cranberry extract, Caco-2 cells 

viability decreased in a concentration-dependent manner. 

The viability of Caco-2 cells significantly decreased with 

high concentrations, compared with untreated cells of the 

control group (P <0.001). The highest inhibition of the 

viable cell after treatment with Graviola and Cranberry 

extract at 10000-μg/mL concentrations was 

approximately 2.13257%. 
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Graviola and Cranberry extract inhibited Caco-2 cell line 

proliferation in a time and concentration-dependent 

manner. The IC50 was calculated for Graviola and/or 

Cranberry extract, the effective concentration of Graviola 

and/or Cranberry extract to determine the IC50 value 

was obtained by regression analyses of concentration-in-
hibition curves. The IC50 value was 98.95 μg/mL for 

graviola extract, 223.87 μg/mL for Cranberry extract and 

161.21 μg/mL for the mixed treatment of Graviola and 

Cranberry extract (Table 1) 

 

After treatment with Graviola and /or Cranberry, the cell 

displayed cytotoxic activity on morphological changes. 

Cell line revealed the characteristic features of cell 
shrinkage, demonstrated the lobulated appearance of 

apoptotic cells and rounding and partial detachment of 

cells (Fig.1). 

 

Table (1): Functional assay (MTT) for viability and IC50. 

Group Conc.(ug/ml) Mean O.D ST.E Viability % IC50 
Caco-2 --- 0.294 0.004619 100 ug/ml 

Caco-2+ 
Graviola 

10000 0.009 0.000577 3.061224 

98.95 

5000 0.011333 0.000882 3.854875 
2500 0.011333 0.000667 3.854875 
1000 0.013333 0.001202 4.535147 
625 0.018667 0.000882 6.349206 

312.5 0.04 0.003215 13.60544 
100 0.077667 0.007881 26.41723 
78.1 0.148 0.003215 50.34014 
10 0.228667 0.007311 77.77778 

Caco-2+ 
Cranberry 

10000 0.009 0.000577 3.667642 

223.87 

5000 0.011333 0.000333 3.945875 
2500 0.015 0.001155 5.102041 
1000 0.016 0.001528 5.442177 
625 0.032 0.005033 10.88435 

312.5 0.061 0.002517 20.7483 
100 0.193 0.003512 65.64626 
78.1 0.281333 0.003712 95.69161 
10 0.299 0.007 99.7007 

Caco-2+ 
Graviola+ 

Cranberry 

10000 0.006221 0.000333 2.13257 

161.21 

5000 0.008333 0.000333 2.834467 
2500 0.010667 0.000667 3.628118 
1000 0.015667 0.000882 4.328798 
625 0.033333 0.004702 11.33787 

312.5 0.085667 0.003756 12.13832 
100 0.152 0.003464 24.70068 
78.1 0.229667 0.00348 48.11791 
10 0.263667 0.006064 70.68254 

 

 
Figure(1):Cytotoxicity of Caco-2 Cells. 
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Figure (2) : Photographs of cell morphology of : A) Caco2 cells; B) Caco2 cells treated with Graviola; C) Caco2 

cells treated with and D) Caco2 cells treated with both Graviola and Cranberry. 

 

Trypan Blue: According to trypan blue stain the dark 
cells represent the dead trypan blue positive cells while 

cells with bright centers were considered live cells. In the 

present study presence of dead cells were more frequent 
after Graviola either alone or with Cranberry (Table 2 

and Fig. 3). 

 

Table 2: Trypan blue assay. 

Test 
Dead cells 

Mean 

Live cells 

Mean 

Total cell 

number*10
4 

viability 

% 

Necrosis 

% 

Caco-2 1 23 48 100 2.083333 

Caco2+Graviola 

(98.95 ug) 
9 2 22 45.83333 40.90909 

Caco2+Cranberry 

(223.87 ug) 
8 4 24 50.11114 33.33333 

Caco2+ 

Graviola+Cranberry 

(161.21 ug) 

5 9 28 58.33333 17.85714 
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Figure (3): Micrograph representing cells stained with trypan blue showing: A) Caco2 cells; B) Caco2 cells 

treated with Graviola; C) Caco2 cells treated with Cranberry and D) Caco2 cells treated with both Graviola and 

Cranberry. 

 

Effect of Graviola and Cranberry on MDA content, 

GSH content, SOD activity and Catalase in Caco2-

Cells. 

As shown in Table (3) and Fig. (4), Caco2 cells treated 

with Graviola and Cranberry showed a highly significant 

increase in MDA content compared with Caco2 cells 

group. Graviola or Cranberry was recorded versus a 
significant decrease in MDA level compared with Caco2 

cells group. Nevertheless, group treated with Graviola 

showed approximately similar values to that of 

Cranberry levels. 

 

A highly significant decrease in SOD, GSH and Catalase 

activity of Caco2 cells treated with Graviola and 

Cranberry was realized compared with the Caco2 cells 

group. Nevertheless, group treated with Graviola or 

Cranberry revealed a slight decrease compared with the 

Caco2 cells group. However, group treated with Graviola 

showed approximately similar values to that of 
Cranberry levels. 

 

 

Table (3): Effect of Graviola and Cranberry on MDA content, GSH content, SOD activity and Catalase in 

Caco2-Cells. 

Parameter 
Group 

MDA 
μ mol/dL 

GSH 
mg/dL 

SOD 
U/m 

CAT 
U/m 

Caco-2 cells 5.08 ± 0.06 8.51±0.38 20.13±0.33 27.11±0.29 

Caco_2 + Graviola 
7.29±0.01 
43.45% 

6.40±0.41 
-24.77% 

15.36±0.77 
-23.70% 

20.73±0.24 
-23.53% 

Caco_2+ Cranberry 
6.15±0.92 
20.92% 

6.70±0.50 
-21.31% 

15.97±0.50 
-20.67% 

21.05±0.51 
-22.33% 

Caco_2 + Graviola + 

Cranberry 
9.26±0.24 
82.06% 

3.40±0.17 
-60.03% 

11.26±0.26 
-44.04% 

18.00±0.12 
-33.61% 
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Figure (4): Effect of Graviola and Cranberry on MDA content, GSH content, SOD activity and Catalase in 

Caco2-Cells. 

 

DNA fragmentation 

DNA gel electrophoresis method was used to determine 
the possible mode of cell death caused by Graviola and 

/or Cranberry. Thus, cytotoxic effect of Graviola and /or 

Cranberry treatment allows the appearance of apoptotic 

DNA fragments on agarose gel, and Graviola and /or 

Cranberry treatment on colorectal cell lines (Caco-2) was 

mediated via an apoptotic mechanism (Fig. 5). 

 

Caco-2 cells without treatment showed two bands, A 

(genomic DNA); B (organelles DNA). Effect of Graviola 

showed genomic DNA band and disappearance of the 

organelles DNA band while Effect of Cranberry showed 

genomic DNA band less than Caco-2 cells and 
disappearance of the organelles DNA band. Effect of 

mixed sample showed genomic DNA band similar to the 

effect of Graviola sample and the disappearance of the 

organelles DNA band. 

 

 
Figure (5): DNA fragmentation. 

Cell cycle analysis 

Flow cytometric analysis indicated that Graviola and/or 
Cranberry induced cell- cycle arrest of Caco-2 cells at 

the G2/M phase and prevented cells from going through 

the mitotic phase supported by an increase of sub-G1 and 

G2/M phase cell populations, with a parallel decrease of 

cells at the G0/G1 phase and S phases compared to the 

caco-2 cells Table (4) and Fig. (6 and 7). Values were 

presented as mean  S.D. (n=3). 

 

Graviola alone or with Cranberry induced apoptotic 

pattern within 24h incubation. The present study 

suggested that Graviola alone or with Cranberry induced 

accumulation of cells in G2/M phase and may lead to 

apoptosis in later stage of colorectal cancer cells. 
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Table (4): Flow cytometric analysis of Caco-2 cells after 24h of Graviola and/or Cranberry treatment showing 

apoptosis represented by the cells accumulated at G2/M phase. Graviola and/or Cranberry treatment induced 

apoptosis represented by the high cells accumulated at G2/M phase. 

 
 

 
Figure (6): Cell cycle analysis. 

 

 
Figure (7): Flow cytometric analysis of Caco-2 cells after 24h of Graviola and/or Cranberry treatment. (B) and 

(C): Graviola or Cranberry induced cell death (apoptosis) represented by the cells accumulated at G2/M phase 
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compared with Caco-2 cells alone (A). (D): Graviola and Cranberry treatment induced cell death (apoptosis) 

represented by the high cells accumulated at G2/M phase compared with Caco-2 cells alone (A). 

 

Detection of Apoptosis: 

Flow cytometric analyses in table (4) and fig.(7 and 8) 

demonstrated high accumulation of healthy cells in 
Caco-2cells represented 96.31% and low accumulation in 

all apoptotic stages while in Graviola or Cranberry 

treatment showed a decrease accumulation of healthy 

cells represented 83.58% and 86.19% respectively and an 

increase accumulation in all apoptotic stages. Moreover, 

Graviola and Cranberry treatment showed a highly 

decrease accumulation of healthy cells represented 
80.22% and an increase accumulation in all apoptotic 

stages. 

 

 

Table (4): Flow Cytometric Analysis of Apoptosis. 

 
 

 
Figure (7): Flow Cytometric Analysis of Apoptosis. 
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Figure (8): Flow Cytometric Analysis of Apoptosis showed (A): high accumulation of healthy cells in Caco-2cells 

and low accumulation in all apoptotic stages. (B) and (D): Graviola or Cranberry treatment showed a decrease 

accumulation of healthy cells and an increase accumulation in all apoptotic stages. (C): Graviola and Cranberry 

treatment showed a highly decrease accumulation of healthy cells and an increase accumulation in all apoptotic 

stages. 

 

DISCUSSION 

Cancer is a complicated malady that manifests itself in 

an exceedingly range of forms, all marked by the 

identical uncontrolled proliferation of cells (34). Despite 

continuous development of synthetic drugs, the plant 

kingdom still remains an attractive source of novel anti- 

cancer drugs. It is estimated that a high dietary intake of 

vegetables and fruits (> 400 g/day) could prevent at least 

20% of all cancer cases.[35] 
 

It has long been suggested that inflammation is a major 

driver of carcinogenesis, contributing to tumor initiation, 

promotion, growth, invasion and metastasis.[36] Several 

phytochemicals exhibit anti-inflammatory activity. 

 

Presently, treatment with Graviola or Granberry 

managed to attenuate cell viability in a concentration-

developed manner. Nevertheless, both herbs presented 

best viability decline then either alone followed by 

Graviola. Similar results were recorded by Mohamed 

et.al.[37] using Apollon and Ahmed et.al.[38] using 
Ashwagandha. 

 

However, there has been little report about the evaluation 

of MTT and Trypan blue assay on Caco2 cell viability 

after Graviola or Cranberry. In this study, it was found 

that the MTT and Trypan blue assay gave similar results 

for cell viability contrary with the study done by Khalili 

et. al.
[39]

 After treatment with Graviola and/or Cranberry 

the cell displayed cytotoxic activity on morphological 

changes appeared as cell shrinkage and lobulated 

appearance of apoptotic cells this may be due to 

considerable reduction in cell volume in their first stage 

of apoptosis. Moskwa et. al.[40] 

 

In the current study, Caco2 cells treated with Graviola 

and/or cranberry represented a significant increase in 

MDA level and significant decrease in GSH, SOD and 

CAT levels compared with Caco2 cells. These results are 
in agreement with Martirosyan et. al[41] who 

demonstrated that Histone deacetylase inhibitors 

(HDACI) generate ROS in leukemia cells. Moreover 

Bhalla et. al,[42] showed that Histone deacetylase 

inhibitors (HDACI) down regulate the expression of 

several antioxidant genes including GSH and SOD 

coding genes. 

 

ROS has the ability to influence the mitochondrial 

function, mediate the elevation of intracellular Ca2+, and 

lead to the activation of the caspase cascade.[43] Fuduka 

et. al.[44] found that the oxidative stress reduces Na 
channel availability, which could explain the significant 

increase in MDA level in Caco-2 cells treated with 

Graviola and /or Cranberry. 

 

The obtained results suggest that down regulation of 

Graviola and/or Cranberry is a key step in reactivating 

the apoptotic machinery, which lead eventually to the 

death of malignant cells. 

 

https://08101vero-1105-y-https-www-sciencedirect-com.mplbci.ekb.eg/topics/medicine-and-dentistry/carcinogenesis
https://08101vero-1105-y-https-www-sciencedirect-com.mplbci.ekb.eg/topics/biochemistry-genetics-and-molecular-biology/tumor-initiation
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Moskwa et. al. [40] had declared that the easily identified 

morphological forms of apoptosis are when some cells 

were in the early stages of apoptosis with chromatin 

being condensed into the nuclear membrane forming 

semilunar structures. 

 
In addition, the cytotoxic effect of Graviola and/or 

Cranberry was performed against colorectal cancer cell 

line (Caco2). From our result, Flow cytometric analysis 

indicated that Graviola and/or Cranberry induced cell- 

cycle arrest of Caco-2 cells at the G2/M phase and 

prevented cells from going through the mitotic phase. 

Also similar results are obtained by Berndt et al.[45] who 

illustrated the significant increase of cells in the G2/M 

phase 24 h after quercetin treatment, suggesting that in 

143B cells (The human osteosarcoma cell line), the 

inhibition of cell proliferation is directly associated with 

a G2/M cell-cycle arrest. 
 

The cell cycle machinery and components of check-point 

pathways have already provided a wealth of targets for 

novel anticancer drugs. Many of compounds under study 

as anti-tumor agents act at multiple steps in the cell 

cycle, and their effects may be cytostatic or cytotoxic, 

depending on the cell cycle status of the target cells. In 

particular combination of drugs, applied in a specific 

sequence, may be used to fight a tumor cell population 

into a state where it is most susceptible to cytotoxic 

effects of traditional chemotherapeutic agents.[46] 

 

Graviola and /or Cranberry has been shown to induce 

apoptosis in colorectal cell lines However exact 

molecular mechanism of Graviola and/or Cranberry 

action is not yet clearly understood. 

 

CONCLUSION: Accordingly the current study 

conferred that Graviola and/or Cranberry possessed a 

promising anticancer potential effect against colorectal 

cell lines. This could be related to the ability of Graviola 

and/ or Cranberry to exert preferential cytotoxic effect 

and motivate apoptosis of colorectal cancer cells with 
further exploration. So, more trials should be further 

carried to evaluate the benefit of the proposed treatment. 
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