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Abstract
Prevalence of cancer, especially in Nigeria, is silently growing at exponential rates due to its nature and numerous risk factors as-
sociated with its development. Most chemotherapeutic drugs used today are expensive and toxic to normal cells, hence the need for 
alternative treatment options. In this present study, the efficacy of ethanolic extracts of Annona muricata leaves for its cytotoxicity 
potential and induction of apoptosis in K562 cancer cells, was investigated. Phytochemical screening verified presence of alkaloids, 
tannins, flavonoids, saponins, anthraquinones and cardiac glycosides. Using Neutral red uptake assay, the ethanolic extract showed 
peak cytotoxicity levels (P<0.001) at 2.5mg/ml which decreased with increased concentrations. Caspase-3 activity was significantly 
enhanced (P<0.001) during apoptosis induced by the extract at low quantities, with the peak activity shown at 50µg/ml. Apoptosis 
was confirmed by terminal deoxynucleotidyl transferase-mediated dUTP nick-end labelling (TUNEL) assay. Caspase-3 activity and 
TUNEL results suggested that the ethanolic extract of Annona muricata induced apoptosis in the myelogenous leukemic K562 cell 
line. This supports the therapeutic application of Annona muricata to be considered as a natural product source for the development 
of pro-apoptotic drugs.
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1. Introduction
Cancer remains one of the most dreaded diseases causing an astonishingly high death rate, second only to cardiac arrest (Shafi et 

al., 2009). Although overall cancer incidence rates in the developing world are half those seen in the developed world in both sexes, 
the overall cancer mortality rates are generally similar (Jemal et al., 2011). Cancer survival tends to be poorer in developing countries, 
most likely because of a combination of a late stage at diagnosis and limited access to timely and standard treatment (Jemal et al., 
2011). In 2000, approximately 256,000 children and adults around the world developed some form of leukaemia, and 209,000 died 
from it (Mathers et al., 2001). The myeloid leukaemia are a heterogeneous group of diseases characterized by infiltration of the blood, 
bone marrow and other tissues by neoplastic cells of the hematopoietic system (Kasper et al., 2005). 

Plant medicines are considered safer and better than synthetic drugs, since the ingredients in plants such as 
carbohydrates, fats, proteins, vitamins and minerals are also of body composition (Kilham, 1999). The extensive 
repertoire of traditional medicinal knowledge systems from various parts of the world are being re-investigated for their healing 
properties. The fact that conventional and newly emerging treatment procedures like chemotherapy, catalytic therapy, photodynamic 
therapy and radiotherapy have not succeeded in reverting the outcome of the disease to any drastic extent, has made researchers in-
vestigate alternative treatment options (Shafi et al., 2009). 

An alternative treatment approach is the induction of apoptosis in tumour cells using herbs. Apoptosis is characterised by distinct 
morphologic changes, including cell shrinkage, membrane blebbing, chromatin condensation, DNA fragmentation, and the formation 
of apoptotic bodies (Wyllie, 1997). Upstream initiator caspases including caspase-9 activate downstream effector caspases such as 
caspase-3, playing a pivotal role in the induction of apoptosis by various stimuli (Wyllie, 1997). The hallmark of apoptosis is DNA 
fragmentation into approximately 200bp by the action of Caspase activated Dnase (CAD) (Pirnia et al., 2002). This is usually assayed 
for ISEL, TUNEL.  

Annona muricata is the most tropical semi deciduous tree with the largest fruits of the Annona genus. It is also native to 
Sub-Saharan Africa countries that lie within the tropics (Zafra-Polo et al., 2002; Alali et al., 1999). Traditional ethnobotanical uses 
in the Peruvian Amazon include its actions as a hypotensive, cardiodepressant (Carbajal et al., 1991), antispasmodic, anticonvulsant 
(N’Gouemo et al., 1997) and sedative (Vasques, 1990) agent, besides other numerous documented properties as an emetic, febrifuge, 
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vermifuge, nervine, decongestant, lactagogue and poison antidote (de Feo, 1992).
Phytochemically, Annona muricata is rich in miscellaneous lactones and isoquinoline alkaloids (Alali et al., 1999). It con-

tains many active compounds and chemicals; these are the natural phytochemicals known as annonaceous acetogenins (Alali et al., 
1999; Kojima & Tanaka, 2009). Studies have demonstrated their antihyperglycemic (Adeyemi et al, 2009a), antihyperlipidemic (Ad-
eyemi et al., 2009b), antimalarial (Antoun et al., 1993; Gbeassor et al., 1990), antiparasitic (de Feo, 1992; Jaramilo et al., 2000; Bo-
ries et al., 1991), antibacterial (Khan, 1998), insecticidal (Alali et al., 1998; Guadano et al., 2000), molluscidal (Santos & Sant’Ana, 
2001), antiviral (Antoun et al., 1999) and most importantly, their anticancer properties (Zafra-Polo et al., 2002; Alali et al., 1999; 
Yang et al., 2009).  

Specific acetogenins in extracts of Annona muricata have been reported to be selectively toxic in vitro to certain types of 
tumour cells including: lung carcinoma cell lines; human breast solid tumour lines; prostate adenocarcinoma; pancreatic carcinoma 
cell lines; colon adenocarcinoma cell lines; mammary adenocarcinoma cell lines; liver cancer cell lines; human lymphoma cell lines; 
and multi-drug resistant human breast adenocarcinoma (Alali et al., 1999; Yang et al., 2009; Liaw, 2002).

It is generally accepted that the mode of action of acetogenins is the inhibition of NADH-ubiquinone oxidoreductase (complex 
I) in mitochondria. Inhibition suppresses ATP production, especially for cancer cells with high metabolic levels, leading to apoptosis 
(Morré et al., 1995; Zeng & McLaughlin, 1996; Oberlies et al., 1997). 

Considering the significance of this cancer sub-type, the objective of this study was to investigate, using K562 cells, the in vitro 
apoptotic activity of the ethanolic extracts of Annona muricata leaves. K562 cells were the first human immortalised myelogenous 
leukaemia line to be established (Lozzio et al., 1981). To determine the plant’s antiproliferative activity, we examined the effects of 
the varying concentrations of ethanolic extracts of Annona muricata on cell viability using the neutral red uptake assay. Apoptosis 
was assessed by terminal deoxynucleotidyl transferase-mediated dUTP nick-end labelling (TUNEL) assay and Caspase-3 activity 
assay.

2. Materials and method

2.1 Plant material
Fresh leaves of Annona muricata leaves were collected in May 2010, from Ibeme, Isiala-Mbano in Imo State of Nigeria. They 

were identified and authenticated by Mr. T. I. Adeleke of Pharmacognosy Department, College of Medicine, University of Lagos, 
Nigeria. 

2.2 Preparation of organic extract
Annona muricata leaves were oven-dried for five days. The dried leaves were powdered in a warring blender and extracted with 

85% ethanol using the Soxlet apparatus. The organic phase was later evaporated under reduced pressure to obtain a dried extract.

2.3 Phytochemical analysis
The crude ethanolic extract of A. muricata was subjected to qualitative phytochemical screening for identification of basic 

classes of active chemical constituents. The phytochemical analysis was done using standard methods (Trease & Evans, 1989). 

2.4 Maintenance of K562 cell line
K562 cells were graciously given by Dr. Wolfgang Fisher of Ludwig-Maximilians University, Munchen, Germany.  Cell lines 

were maintained and propagated in RPMI medium containing 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin. Cells 
were cultured and maintained at 37ºC in a humidified atmosphere of 5% CO2.  

2.5 Cell viability assay
Cell viability was assessed using neutral red uptake assay (Borenfreund & Puerner, 1984).  Neutral red, a weak cationic dye that 

penetrates cell membranes by non-ionic diffusion, accumulates at the anionic sites in the lysosomal matrix. Briefly, cells were seeded 
in 96-well tissue culture plates and tested for 6hrs with varying concentrations of 0.625mg/ml, 1.25mg/ml, 2.5mg/ml and 5.0mg/
ml of the extract in triplicates. The plates were then incubated for 2hrs at with serum-free medium containing neutral red. The cells 
were subsequently washed, the neutral red dye was extracted from each plate and optical densities were determined at 540nm on a 
multi-well spectrophotometer. 

2.6 Caspase 3 assay
Apoptosis was induced for 12hrs and a negative control set at the same time. The cells were collected, washed twice with PBS 
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(phosphate buffer saline) and to a required number of collected cells; a fresh cold prepared lysis buffer was added. The cells were in-
cubated on ice for 20-60 minutes, and vortexed three to four times for 10 seconds each time following centrifugation at 10,000 rpm at 
4oC for one minute. A small quantity of supernatant was obtained to assay the protein concentration by the Bradford method. To assess 
Caspase-3 activity, the Caspase-3 Colorimetric Assay Kit (Genscript, USA) was used following the instructions of the manufacturer. 
The Caspase-3 Colorimetric Assay Kit is based on the spectrophotometric detection of the chromophore p-nitroanilide (pNA) after 
cleavage from the labelled substrate DEVD- pNA. The pNA was quantified at 405nm.  

2.7 TUNEL assay 
To evaluate apoptosis in the cells, the TUNEL Apoptosis Detection Kit (Genscript, USA) was used following the instructions 

of the manufacturer. Cells were exposed to the organic extract on chamber slides for 12hrs and then fixed with a fixation solution 
(4% paraformaldehyde in PBS, pH 7.4, freshly prepared) for 1hr at 15-25°C. The slides were rinsed thrice with PBS, and incubated 
subsequently on ice following procedure with blocking solution (3% H2O2 in methanol) and permeabilization solution (0.1% Triton 
X-100 and 0.1% sodium citrate in water, freshly prepared). Before beginning the labelling procedures, the fixed and permeabilized 
cells were incubated with 100 μl DNase I Solution (500U/ml DNase 1 [grade 1] in 1X DNase buffer) for 10 minutes at 15-25°C to 
induce DNA strand degradation. During the labelling procedure, biotinylated nucleotide is labelled at the DNA 3’-OH ends using the 
recombinant Terminal Deoxynucleotidyl Transferase (rTDT); then horseradish peroxidise-labelled Streptavidin (Streptavidin-HRP) 
is bound to these biotinylated nucleotides, which are detected using the peroxidase substrate, hydrogen peroxide and 3,3’-Diamin-
obenzidine (DAB),  a stable chromogen. Using this procedure, apoptotic nuclei are stained dark brown.

2.8 Statistical analysis  
Graphpad Prism 5.0 was used for data analysis. The results of each series of experiments (performed in triplicates) are expressed 

as the mean ± standard error of mean (SEM). The significance of difference in the means of all parameters reported was determined 
using ANOVA and Bonferroni Post Hoc test.

3. Results

3.1 Phytochemical analysis
The phytochemical screening of the ethanolic leaf extract of Annona muricata revealed strong presence of alkaloids, flavonoids, 

tannins – hydrolysable and condensing tannins – anthraquinone glycosides and saponins; and weak traces of cyanogenic glycosides 
and cardiac glycosides.

3.2 Neutral red uptake analysis
Cytotoxicity test was carried out on the ethanolic extract of Annona muricata leaves via neutral red uptake method in a dose-de-

pendent manner, shown in Fig.1. Maximum cytotoxicity of the extract on K562 cells were observed at 2.5mg/ml, which revealed a 
significant increase (P<0.001) compared to the positive control (H202). At higher concentrations of the control, a significant decrease 
(P<0.01) in cytotoxicity was detected of the ethanolic extract.  

                                                                    Fig.1. Neutral red uptake cytotoxicity assay of ethanolic leaf extract of A.muricata
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3.3 Caspase-3 assay 
The results, shown in Fig.2, showed a steady increase in Caspase-3 activity, attaining its peak at 50µg/ml which was highly sig-

nificant (P<0.001) in comparison to the positive control. A decline in caspase-3 activity was evident with increased concentrations 
but still showed significant (P<0.05) values. 

                               Fig.2. Plot of absorbance against concentration of Caspase-3 activity during 
                                 apoptosis of K562 cells induced by leaf ethanolic extract of Annona muricata.

                                             

3.4 TUNEL assay
The TUNEL assay (TdT- mediated dUTP Nick End Labelling) was developed as a method to identify individual cells that are 

undergoing apoptosis by labelling the ends of the degrading DNA with the polymerase terminal deoxynucleotidyl transferase (TdT) 
(Heatwole, 1999). After the induction with 0.625mg/ml, 1.25mg/ml, 2.5mg/ml and 5.0mg/ml ethanolic extracts of Annona muricata, 
K562 cells were stained dark brown under the light microscope. This observation, as shown in fig.3, was assessed in comparison with 
results obtained from the positive control (DNAse 1 solution). The results confirm that apoptosis had taken place in K562 cells when 
induced with the leaf ethanolic extract of Annona muricata.                                                                                                                         
Fig.3. TUNEL assay results after the induction of apoptosis in K562 cell line (x100). Arrows indicate artefacts.
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4. Discussion and conclusion
The phytochemical investigation on ethanolic leaf extract of Annona muricata confirmed its diverse traditional ethnobotanical 

uses derived from its long recorded indigenous use and recent documented medicinal properties (de Feo, 1992).
Cytotoxic drugs that exert their maximum cytotoxicity on cancer cells during the S-phase of the cycle prevent cells from pro-

gressing through the cell cycle to the S-phase; this is accomplished by sublethal inhibition of RNA and protein synthesis (Craig & 
Stitzel, 2003). Studies have shown that cancer cells at the S phase of their cell cycle are more vulnerable to the compounds that have 
been, and are still being, isolated from Annona muricata called Annonaceous acetogenins (Yuan, 2003).

In this present study, it is clearly shown that Annona muricata has cytotoxic effects on the myelogenous leukemic K562 cell line. 
Maximum cytotoxicity of the extract on K562 cells were observed at 2.5mg/ml, which revealed a significant difference (P<0.001) to 
the corresponding molarity of the positive control. This cytotoxic property decreased significantly (P<0.01) at higher concentrations 
of the control. This observation concurs with some clinical findings which have suggested that at very low dosages, annonaceous 
acetogenins of Annona muricata exhibited highly toxic effects particularly to ovarian, breast, cervical, bladder and skin cancer cell 
lines (Alali, et al., 1999). Another study observed that some of the derivatives within the different structural types and some positional 
isomers showed remarkable selectivities among certain cell lines (Yang, et al., 2009). Lack of selective toxicity is the major limiting 
factor in the chemotherapy of cancer (Craig & Stitzel, 2003).

The TUNEL assay results clearly shows that apoptosis had been induced by the ethanolic leaf extract of Annona muricata on 
the myelogenous leukemic K562 cell line. This outcome was compared with results obtained from the positive control (DNAse 1 
solution), as apoptotic nuclei was stained dark brown.

Furthermore, the results of the Caspase-3 activity further substantiated that apoptosis had taken place. The activation of Caspase-3 
is an important downstream event in apoptosis (Crow, et al., 2004). Increased caspase-3 activity was noted to be directly proportional 
to increased concentration of the ethanolic extract of Annona muricata reaching a peak at 50µg/ml. The least (25mM) and the highest 
(200mM) concentrations of protein obtained during the apoptosis induced by the extract, showed no significant difference (P>0.05) 
to the control. 

Great progress has been made in the understanding of the basic mechanisms of apoptosis and the gene products involved (Wyllie, 
1997). The regulation of apoptosis in normal and malignant cells has become an area of intensive study in cancer research (Johnstone, 
et al., 2000). Agents that suppress the proliferation of malignant cells by inducing apoptosis may represent a useful mechanistic ap-
proach to both cancer chemoprevention and chemotherapy (Khan & Mlugwana, 1999).

It is evident in this present study that the significant increase in Caspase-3 activity and TUNEL assay results suggest that the 
ethanolic leaf extract of Annona muricata had induced apoptosis in myelogenous leukemic K562 cell line.
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