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Abstract

Cancer remains a leading cause of death in the USA and around the world. Although the current synthetic inhibitors used 
in targeted therapies have improved patient prognosis, toxicity and development of resistance to these agents remain 
a challenge. Plant-derived natural products and their derivatives have historically been used to treat various diseases, 
including cancer. Several leading chemotherapeutic agents are directly or indirectly based on botanical natural products. 
Beyond these important drugs, however, a number of crude herbal or botanical preparations have also shown promising 
utility for cancer and other disorders. One such natural resource is derived from certain plants of the family Annonaceae, 
which are widely distributed in tropical and subtropical regions. Among the best known of these is Annona muricata, also 
known as soursop, graviola or guanabana. Extracts from the fruit, bark, seeds, roots and leaves of graviola, along with 
several other Annonaceous species, have been extensively investigated for anticancer, anti-inflammatory and antioxidant 
properties. Phytochemical studies have identified the acetogenins, a class of bioactive polyketide-derived constituents, 
from the extracts of Annonaceous species, and dozens of these compounds are present in different parts of graviola. This 
review summarizes current literature on the therapeutic potential and molecular mechanism of these constituents from 
A.muricata against cancer and many non-malignant diseases. Based on available data, there is good evidence that these 
long-used plants could have both chemopreventive and therapeutic potential. Appropriate attention to safety studies will 
be important to assess their effectiveness on various diseases caused or promoted by inflammation.

Introduction
Cancer remains one of the most grave health threats and the 
leading cause of death in the USA and around the world. The 
International Agency for Research on Cancer (IARC) reported 
14.1 and 8.2 million new cancer cases and deaths, respectively, 
worldwide in 2012, and are expecting 21.7 and 13 million new 
cancer cases and deaths, respectively, in 2030 (1). In the USA 
alone, 1 735 350 new cases are expected, with 609 640 deaths in 

2018 (2). Although prognosis of patients with early tumors has 
significantly improved, limited efficacy and associated toxicity of 
existing therapies have resulted in significant co-morbidities in 
patients with advanced tumors. Although these limitations have 
prompted development of synthetic compounds for molecular 
targeted therapies, development of resistance to these therapies 
has also limited their utility (3). Over the past several decades, 
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identification of plant-based drugs has significantly contrib-
uted to anticancer drug discoveries and has resulted in one-
third of anticancer drugs approved by the United States Food 
and Drug Administration (USFDA) (4) historically, e.g. paclitaxel, 
camptothecin, vincristine and their analogs. Given this history, 
it is critical to continue to explore and identify new medicinal 
plants and to determine their potential as a source of new drugs. 
However, many of these plant-derived pure compound drugs 
were selected based on high potency, target-specific cell killing 
and, as such, display considerable potential for adverse effects. 
But beyond these sources of new drug discovery, plant-based 
medicines have also been used for centuries to treat many ail-
ments and diseases, and their phytochemical constituents are 
known to possess numerous pharmacologically useful proper-
ties. Some of these phytochemicals are well tolerated based on 
their historical use; they display limited-potency interactions 
with a broad range of cellular targets and limited overt toxicity. 
Annona muricata has extensive traditional use, and considerable 
evidence has been developed that it may be useful therapeutic 
agents in the battle against certain cancers.

Annona muricata (or graviola, as the fruit is known) belongs 
to the family of Annonaceae and is commonly known by many 
names, including Sour Sop, custard apple, guanabana, huanaba, 
guanabano, guanabana, durian benggala, nangka blanda, toge-
banreisi and cachiman epineux (5). Graviola is an evergreen and 
fruit bearing plant native to the hottest tropical areas of North 
and South America. It is widely distributed in Venezuela, Central 
America, Peru, Columbia, Mexico, Brazil, Cuba and India (6). The 
tree is low-branching, hairy and willowy, with rhombus, tapered 
leaves which appear as soft, silky, dark green on the upper sur-
face and lighter underneath (7). The weight (0.4–4 kg) of the fruit 
varies from country to country.

Graviola is very popular in the USA, sold in capsules (leaf and 
stem powder) and tea under various trade names (6). The fruit 
flesh and pulp are rich in water, carbohydrate, vitamins and salts, 
are ideal for drinks and juices and may also be readily eaten 
(Table I). In the food industry, graviola is extensively used in the 
preparation of jellies, jams, ice-creams, candies and nectars. Of 
note, during the ripening processes, graviola synthesizes a strong 
compound giving it a custard flavor and similar aroma to the 
fruit. Graviola fruit and fruit juice are often consumed to treat 
fevers, increase food in nursing mothers and as a mordant for 

gastrointestinal orders such as diarrhea, dysentery and parasite 
infection. The bark, leaves and roots of A.muricata have been used 
in various parts of the world to manage many diseases, including 
inflammatory conditions, rheumatism, diabetes, hypertension, 
insomnia, cystitis, parasitic infections and cancer (8–10) (Table II).

The chemistry of Annona muricata

The fruit, bark, leaves and roots of A.muricata are known to 
be rich in flavonoids, isoquinoline alkaloids and annonaceous 
acetogenins (ACGs). It has been reported that the stem, leaves 
and seeds of graviola contain more than 70 acetogenins (11–14), 
derivatives of long chain C35-C37 fatty acids synthesized through 
the polyketide pathway. Other Annonaceous species have 
afforded more than 500 ACGs (15). These compounds are char-
acterized by a C2 combination with 2-propanol to form a lactone 
ring, and generally by cyclization with oxygen to form one to 
three tetrahydrofuran or tetrahydropyran moieties (15,16), and 
complex diastereomeric mixtures are the result. In A.muricata, 
the ACGs predominantly have a single THF ring, and some non-
cyclized analogs have been identified (16). The ACGs are gen-
erally waxy substances, difficult to work with because of poor 
water solubility (17). However, in suitable delivery systems, they 
readily penetrate into cells and exert biological effects. In this 
respect, often delivery of such compounds within the complex 
plant matrix (in the form of crude extract or finely ground and 
dispersed plant material) can aid absorption compared with the 
purified lipophilic compounds.

Pharmacology of graviola

A number of pharmacological activities of A.muricata in vitro as 
well as in vivo have been reported and are now being extensively 
studied. The main biological activities of the leaf, fruit, fruit-
pulp and bark extract are described below.

Anticancer activity
Graviola has been found effective against many cancers in vitro 
(Table III). A detailed description and molecular mechanisms of 
the antiproliferatve effects of graviola against various cancers 
are described below. The active ACGs have been shown to suc-
cessfully induce death in cancer cells resistant even to chemo-
therapeutic drugs (5).

Abbreviations	
ACF 	 aberrant crypt foci
ACG 	 annonaceous acetogenins
ALE 	 aqueous leaf extract
ATP 	 adenosine triphosphate
BPa 	 benzo[a]pyrene;
CAT 	 catalase
CRC 	 colorectal cancer carcinoma
CRT 	 chemoradiation therapy;
DMBA 	 7,12 dimethyl benzene anthracene
EE 	 ethanolic extract
EEL 	 ethanolic extract of graviola leaves
ELE 	 ethanolic leaf extract
GLUT 	 glucose transporter
HNSCC 	 head and neck squamous cell carcinomas
MLE 	 methanolic leaf extract
PC 	 pancreatic cancer
PCa 	 prostate cancer
ROS 	 reactive oxygen species
SOD 	 superoxide dismutase
TNF-α 	 tumor necrosis factor-α

Table I.  Chemical composition of graviola

S.No. Constituents Quantity

A. Fruit flesh
1 Water 80%
2 Carbohydrate 18%
3 Protein 1%
4 Vitamin B Traces
5 Vitamin B2 Traces
6 Potassium Traces
7 Dietary fiber Traces
B. Fruit pulp
1 2-hexenoic acid methyl ester 23.9%
2 2-hexenoic acid ethyl ester 8.6%
3 2-octenoic acid methyl ester 5.4%
4 2-butenoic acid methyl ester 2.4%
5 β-caryophyllene 12.7%
6 1,8- cineole 9.9%
7 linalool 7.8%
8 α-terpineol 2.8%
9 lialyl propionate 2.2%
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Pancreatic cancer
Pancreatic cancer (PC), the most lethal malignancy and the 
fourth cause of cancer-related deaths worldwide, has a median 
5 year survival rate of only 8%. In the USA, 55 440 new cases are 
reported, and 44 330 people are expected to die of this PC in 2018 
(2). Lack of early detection markers and clinical symptoms result 
in frequent late detection of advanced tumors that are difficult 
to treat and have poor patient prognosis. Late detection, resist-
ance to available chemotherapeutic drugs, and the high aggres-
siveness of the disease with low patient survival argue for novel 
early detection markers, and for the investigation and devel-
opment of chemopreventive and chemotherapeutic agents. 
Although many natural products have been explored for PC 
therapeutics, unfortunately, none have translated clinically (18). 
Our lab reported the antiproliferative and antitumor effects of 
graviola (capsules containing leaf and stem powder) in PC cells 
and subcutaneous xenografts; these actions involved induction 
of cell cycle arrest accompanied by apoptosis (19). Similar anti-
proliferative effects of the hexane fraction of A.muricata leaves, 
rich in flavonoids, were reported (20). We further reported that 
by downregulating mucin MUC4, graviola inhibited PC cell motil-
ity and invasion. The mucin MUC4 is a member of the family of 
glycoproteins, and our lab has extensively established its role in 
the pathogenesis of various cancers, including PC, ovarian can-
cers, and head and neck cancers (HNC) (21). We also reported 
that MUC4, by physical interaction and stabilization of the ErbB 
family of growth factor receptor tyrosine kinases (RTKs), modu-
lates the PI-3K, Ras/RAF/extracellular signal-regulated kinase 
(ERK1/2), and STAT signaling pathways that suppress apopto-
sis and induce resistance to several chemotherapeutic agents 

(21). MUC4, by regulating Src/FAK signaling, also regulates the 
invasion and motility of cancer cells and is responsible for the 
down-regulation of MUC4/Src/FAK signaling pathway by gug-
gulsterone, which has been shown to inhibit motility and inva-
sion of PC cells (22). Keeping in view the significant pathological 
importance of MUC4 in various cancers, the downregulation of 
MUC4 indicates the high therapeutic potential of graviola for 
various tumors, especially PC.

Besides downregulating MUC4, we and others reported that 
graviola induces cytotoxicity by altering glucose metabolism and 
induction of metabolic catastrophe (19,23). In this connection, 
much recent appreciation has arisen for targeting cancer cell 
metabolism as an antitumor strategy (24). Proliferating tumor 
cells inexorably requires more energy, and this is normally 
provided by increased aerobic glycolysis or oxidative phospho-
rylation. Recent studies show that Kirsten rat sarcoma viral 
oncogene (KRAS) signaling regulates glycolysis by enhancing the 
expression of glucose transporter 1 (GLUT1), with several other 
glycolytic genes, including hexokinase 1/2 (HK1, HK2), phos-
phofructokinase-1 (PFKl), and lactate dehydrogenase A  (LDHA) 
(25). Of interest, when targeting KRAS signaling, attenuated cel-
lular metabolism was associated with antitumor effects (26). 
Therefore, modulating glucose metabolism by either reducing 
glucose uptake or modifying GLUT expression is a possible tar-
get to achieve this antiproliferative effect. We were surprised to 
observe that Graviola-induced metabolic catastrophe caused by 
down-regulating hypoxia-inducible factor-1α (HIF-1α), GLUT1, 
GLUT4, HK2, and LDHA expression that was associated with 
decreased glucose uptake and constrained adenosine triphos-
phate (ATP) production in PC cells (19) (Table III). A similar obser-
vation was reported by Esposti D et al. that acetogenins such as 
bullatacin promote cytotoxicity by manipulating metabolism 
and inhibiting the proton pumping function of mitochondrial 
complex I, thereby inhibiting ATP generation and NADH oxida-
tion (23). These studies suggest that the constituents present in 
graviola extract inhibit the signaling pathways involved in PC 
cell growth, proliferation and metabolism.

Lung carcinoma
Lung cancer is the leading cause of cancer-related deaths world-
wide and accounts for about 26% (154 050) of the deaths in USA 
in 2018 (2). The majority of lung cancer patients succumb to 
the disease due to chemotherapeutic resistance. A  recent in 
vitro study using the lung cancer cell line, A549, has shown that 
graviola leaf extract caused cell cycle arrest at the G0/G1 phase 
and induced apoptosis. The underlying molecular mechanism 
revealed that graviola treatment suppresses nuclear factor-κB 
(NF-κB) signaling, induces reactive oxygen species (ROS) produc-
tion and increases the Bax/Bcl-2 ratio–mediated attenuation of 
mitochondrial membrane potential (MMP), cytosolic cytochrome 
c and caspase-3/9 activation (27) (Table III). Zhao et al. reported 
similar antitumor effects of graviola in lung cancer cells (28).

Prostate carcinoma
Prostate carcinoma (PCa), with over 164 690 estimates and 29 430 
deaths in 2018, is the second leading cause of cancer-related 
deaths in the USA (2) and in most Western industrialized coun-
tries. Although recent improvement in early detection and new 
treatment options have improved quality of life, a substantial 
fraction of these patients develop aggressive and refractory 
tumors, with very poor prognosis (29). Although many phy-
tochemicals, either as single agents or adjuvants to current 
therapy, have been tested for prevention or treatment of hor-
mone-refractory PCa, no clinical success has been reported (29). 

Table II.  Country-wise use of graviola for various ailments

S. No. Country Treatment

1 Peruvian Andes Combat parasites
Treat diabetes

2 Brazilian Amazon Liver disease
Rheumatism
Neuralgia
Arthritis

3 Eastern Andes and Jamaica Diarrhea
Relaxant
Intestinal Acidity

4 Tropical Africa Skin disease
Fever

5 Haiti Fever
Flu
Cough
Diarrhea
Pellagra
Heart disease

6 Malaysia Dermatosis
Rheumatism
Cough
Diarrhea
Hypertension

7 Trinidad Flu
High blood pressure
Insomnia
Baby lactation

8 United States Cancer
Lactation
Fungal infection
Hypertension
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In search of novel natural compounds, recent reports show that 
a low concentration (≥1 μg/ml) of graviola fruit pulp extract (GPE) 
has potent antiproliferative activity in a panel of PCa cell lines 
(22Rv1, LNCaP and PC3), as revealed by MTT and colony forma-
tion assay (30). They also reported the antiproliferative effects of 
GPE that were mediated through decreasing HIF-1α expression 
and inhibition of NADPH oxidase (NOX) activity (30). Further 
fractionation of bioactive components revealed that acetogenin 
derivatives, including muricins J, K and L, were responsible for 
antiproliferative and apoptotic effects on PCa PC-3 cells (6). 
There have been similar reports of antitumor effects of pure 
acetogenins (muricin M, N and muricenin) isolated from a bio-
active ethanolic extract (EE) of graviola fruit (31).

Breast cancer
Breast cancer is the most common malignancy in women world-
wide, and the second leading cause of cancer-related death in 
the USA (2). With over 266 120 incidences, 40 920 women in the 
USA are expected to die of breast cancer in 2018 (2). Although 
early stage breast cancer is treatable, no promising therapeu-
tic options are available for advanced breast cancer. There is an 
immediate need for novel chemopreventive and chemothera-
peutic agents to slow tumor growth and decrease associated 
morbidity. Although many natural products have been tested 
in vitro and found effective and less toxic compared with small 
synthetic molecules (32), translational use has always been 
hampered by the low clinical efficacy of these compounds. 
However, recent studies have shown the strong antiprolifera-
tive and antitumor potential of Graviola using breast cancer 
cell lines and xenograft mouse models. These studies revealed 
that graviola inhibited the growth of MCF-7 breast cancer cells 
by decreasing estrogen receptor (ER), cyclin D1 and antiapop-
totic gene Bcl2 expression in cell lines and xenografts (33). 
Further reports showed that graviola fruit extract also inhib-
ited the proliferation and growth of xenograft tumors of EGFR-
overexpressing MDA-MB468 cells, but did not affect the growth 
of normal MCF-10A cells (34). In addition, butanol and aqueous 
extract of A.muricata was also found to inhibit proliferation of 
MDA-MB435S, HaCaT and T47D breast cancer cells.

Multidrug resistance (MDR) is the principal mechanism used 
by cancer cells to develop therapeutic resistance resulting in 

treatment failure and the development of refractory tumors. Of 
interest, ACG bullatacin was shown to be cytotoxic to the mul-
tidrug-resistant breast cancer MCF-7/ADR cell line by depleting 
ATP content (35). Furthermore, ACG Annosquacin B, isolated 
from the seeds of Annona squamosa, was shown to modulate 
mitogen-activated protein kinase (MAPK) signaling and induced 
apoptosis in MCF-7/ADR cells (36). All these studies suggest that 
ACGs from A.muricata offer a distinct advantage against the 
MDR breast tumors.

Colon carcinoma
Colorectal carcinoma (CRC) with 140 250 incidences in USA is 
the third leading cause of cancer-associated deaths (50 630) in 
the USA and accounts for ~8% of the total estimated deaths in 
2018 (2). Therapeutic resistance and toxicity to available drugs is 
the greatest problem for CRC and is associated with poor patient 
prognosis (37). Natural products, including graviola, have played 
a major role in the prevention of and therapy for CRC. Current 
research is delineating the molecular mechanism of various 
extracts of A.muricata against CRC. Furthermore, leaf extract of 
A.muricata also showed anticancer properties in COLO-205 cell 
line in enhancing proapoptotic protein caspase-3 (38). Using the 
same extract, Zorofchian et al. showed cell cycle arrest in the G1 
phase, potent inhibition of migration, invasion and apoptosis in 
CRC cell lines HT-29 and HCT-116 (39). Phytochemical constitu-
ents from A.muricata leaves such as annomuricin A, B, C, E and 
muricapentocin also showed cytotoxicity against CRC HT-29 cells 
(40–42). ACG desacetyl uvaricin was also shown to induce DNA 
damage via MAPK pathway inactivation and generation of super-
oxides that culminate in growth inhibition of SW480 cells (43).

Head and neck squamous cell carcinoma
Head and neck squamous cell carcinomas (HNSCC) is the sixth 
most common cancer and accounts for over 600 000 new cases 
and 350 000 deaths worldwide per year. Cisplatin-based chemo-
radiation therapy (CRT) is the standard of care for HNSCCs. In 
addition to cisplatin, other anticancer drugs, including etopo-
side, topotecan, doxorubicin and fluorouracil, are associated with 
unfavorable serious side effects that significantly limit their use-
fulness. Despite recent improvements in disease understanding 
and treatment, development of resistance to the available CRTs 

Table III.  Mechanism of graviola-induced anticancer effects

Cancer Type Models used Graviola Extract Outcome (Ref)

Pancreatic cancer in vitro and in vivo Finely milled graviola leaf/stem 
powder

Metabolic catastrophe by downregulation 
of HIF-1α, GLUT1, GLUT4, HK2 and LDHA; 
decreased cell motility and invasion by 
downregulating MUC4, Tumor regression

 (19)

Colon cancer in vitro Leaf extract Antiproliferative  (20)

in vitro Leaf extract Apoptotic  (38,63)

in vitro Leaf extract Cytotoxic  (40–42)
Lung cancer in vitro Leaf extract Cell cycle arrest  (27)
Prostate cancer in vitro Fruit pulp extract Antiproliferative effect by decreasing HIF- 

1α expression
 (30)

Breast cancer in vitro Acetogenins from Graviola fruit Antiproliferative and apoptotic  (31)
in vitro and in vivo Leaf extract Antitumorigenic and apoptotic  (33)

HNSCC in vitro and in vivo Fruit extract Antitumorigenic and antiproliferative  (34)
in vitro Leaf extract Antiproliferative  (44)

Hematological
malignancies

in vitro Leaf, twigs and roots Antiproliferative, cell cycle arrest, loss 
of MMP

 (46)

in vitro Leaf extract Apoptotic  (47)
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results in poor patient prognosis for HNSCC patients. Exploration 
of less toxic anticancer compound is therefore urgently needed. 
Aqueous graviola leaf extract (AGLE) was recently shown to 
induce G2/M cell cycle arrest, and it also exhibits antiproliferative 
activity against the squamous carcinoma cell line SCC-25 (44). 
Cisplatin alone is not an effective drug for HNSCC, but its efficacy 
significantly improves with radiation therapy or in combination 
with other chemotherapeutic drugs, suggesting that a subopti-
mal dose of cisplatin administered with Graviola may show sig-
nificant antitumor effects in HNSCC.

Hematological malignancies
Hematological malignancies including B-cell chronic lympho-
cytic leukemia (CCL), acute myeloid leukemia (AML), multiple 
myeloma, or non-Hodgkin’s lymphoma constitute about 4% and 
9% of all the diagnosed cancers in the world and in the USA (2). 
However, unique therapeutic challenges are presented by the 
biological characteristics and heterogeneity of the disease. Many 
plant-based natural compounds and their derivatives including 
indirubin, flavopiridol, maytansinoids, meisoindigo, noscapine 
and bruceantin have been investigated in many clinical trials 
for hematologic malignancies (45). Although most of the com-
pounds failed due to insufficient efficacy resulting in develop-
ment of resistance, identification of novel natural compounds 
with enhanced efficacy is an urgent need. Although random 
screening is expensive and time-consuming, targeted investiga-
tion of traditionally used medicinal plants may accelerate iden-
tification of novel anticancer products. As noted, investigations 
have indeed revealed antiproliferative and apoptotic effects of 
graviola in human leukemia HL-60 cells (46). Mechanistic studies 
showed that antiproliferative and apoptotic effects were associ-
ated with cell cycle arrest and loss of MMP (46). Furthermore, the 
ethanolic leaf extract (ELE) and methanolic leaf extract (MLE) of 
A.muricata were shown to induce apoptosis in chronic myelog-
enous K562 leukemia cells, in CCRF-CEM and in its multidrug-
resistant subline CEM/ADR5000 cells, respectively (47). These 
studies suggested that graviola can be used for multidrug resist-
ant cancer phenotypes and therefore is an excellent source for 
the development of novel anticancer drugs for hematological 
malignancies also.

Cancer hallmarks and graviola

Antioxidant activity
ROS are highly reactive molecules produced by a mitochondrial 
respiratory chain and play important roles in cellular physiol-
ogy. Many cell-scavenging systems such as Catalase, superox-
ide dismutases (SOD), peroxiredoxins and glutathione regulate 
physiological levels of ROS for normal cell function. Excessive 
ROS levels can severely damage the cell and induce cell death; 
low ROS levels have been shown to induce cell proliferation and 
differentiation by stimulating various signaling pathways, such 
as phosphoinositide-3-kinase/serine-threonine kinase (PI3K/
Akt), protein kinases B/C (PKB/C), ERK1/2, p38 MAPK and Janus 
Kinase (JNK), that contribute to carcinogenesis (48). Although 
cancer cells have elevated ROS levels compared with normal 
cells, increased antioxidant enzyme levels and molecules pro-
tect cancer cells from ROS-induced cellular damage and death 
(48). Thus, it seems reasonable that preventing excessive ROS 
accumulation in normal cells may prevent cellular damage, 
whereas blocking the antioxidant defense system in cancer cells 
may promote cellular damage and induce cell death. Caution 
should be taken that cell type, environmental conditions and 
the amount of agent to inhibit antioxidant defense will deter-
mine cellular damage or protecting effects.

The therapeutic potential of the newly identified molecules 
is suggested by their differential ability to inhibit cell prolif-
eration and induce greater cell death in cancer than in nor-
mal cells. Although naturally occurring phytochemicals have 
gained much attention for their remarkable role in preventing 
ROS-induced cellular damage (49) and protecting development 
of many diseases, they have also been shown to impair antioxi-
dant defense, sensitizing tumor cells to chemo-radiation ther-
apy (reviewed in Ref. 50). Of interest, similar differential effects 
of butanolic leaf extract (BLE) and aqueous leaf extract (ALE) of 
A.muricata have been reported. Although BLE and ALE inhibited 
growth of cancer cells, no effect on normal cells was observed. 
Furthermore, they also reported that BLE and ALE have strong 
antioxidative effects that protected hydrogen peroxide- (H2O2) 
induced DNA damage in normal cells (51). Another in vivo study 
reported the protective effects of ALE in diabetes-induced rats 
(52). Furthermore, GLE has been shown to scavenge peroxyl and 
nitrogen radicals effectively and reduced H2O2-induced ROS 
generation. They further showed upregulation of antioxidant 
enzymes such as SOD1 and nuclear factor erythroid 2–related 
factor 2 (Nrf2) expression by GLE (53). SOD1 is overexpressed in 
many cancers and plays a crucial role in conversion of super-
oxide to H2O2. Overexpression of SOD1 in turn promotes cancer 
cell growth; it is now therapeutically targeted in many types of 
cancer (54) to induce either cell death via apoptosis or oxidative 
stress (55). Nrf2 is a master regulator of antioxidant enzymes, 
including phase II detoxifying enzymes and transporters, and it 
protects cells from genotoxic damage by carcinogens. In addi-
tion, it also promotes survival and chemoresistance in cancer 
cells (56). These findings provide an opportunity to explore the 
possible beneficial effects of graviola while considering its anti-
cancer and antioxidant activities.

Anti-inflammatory activity
Inflammation is an emerging field of research for intervention 
targets in many diseases including asthma, arthritis and Crohn’s 
disease, Alzheimer’s disease, cardiovascular disease, diabetes, 
high blood pressure and more importantly cancers. Because 
of the significant side effects of steroid and Nonsteroidal Anti-
inflammatory Drugs (NSAIDs), there is a greater interest in 
natural compounds present in dietary supplements and herbal 
remedies, which have been used for years to minimize pain and 
inflammation (57). A great number of natural compounds work 
mechanistically by inhibiting inflammatory signaling path-
ways that are similarly targeted by NSAIDs. Metabolites of the 
arachidonic acid pathway, produced via cyclooxygenase and 
lipoxygenase, are involved in creating inflammation when a cell 
is activated by mechanical stress (e.g. trauma), and via stimu-
lation of cytokines and growth factors (58). The mechanism of 
antinociception (reduced sensitivity to pain) has been shown to 
inhibit cyclooxygenase (COX) and lipoxygenases (LOX) through 
inflammatory mediators such as flavonoids present in the plant 
extract. Studies from various groups show that oral administra-
tion of ELE of A.muricata at different doses significantly reduced 
carrageenan induced  edema in rat paws. Interestingly, due to 
this anti-inflammatory effect of ELE of A.muricata, there was 
a related decrease in leukocyte migration and exudate vol-
ume (24). In addition, Foong CP et al. also reported strong anti-
inflammatory action of LE of Graviola (10–300  mg/kgBW) in 
xylene-induced ear edema mice model and Complete Freund’s 
adjuvant (CFA)–induced arthritis rat models (59). They further 
showed significant suppressing of proinflammatory cytokines 
including tumor necrosis factor-α (TNF-α) and IL-1  β in CFA-
induced arthritis rats (59). The anti-inflammatory effects of 
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A.muricata are thus demonstrated to occur through suppression 
of inflammatory mediators (10). No animal toxicity was reported 
in these studies.

Wound healing
Wound cure follows from communication between cytokines, 
growth factors, blood, cellular elements, and the extracellular 
matrix (60). Cytokines most importantly “endorse” healing by 
stimulating the assembly of constituents of the basement mem-
brane, increasing inflammation that results in formation of gran-
ulated tissue. Wound healing is a flow of cellular, biochemical, 
molecular and physiological actions divided into four processes: 
coagulation, inflammation, proliferation and tissue makeover. At 
present, the search for the ideal treatment to ameliorate or accel-
erate wound healing continues, but with challenges. Medicinal 
plants have provided significant wound healing products with 
high safety and therapeutic potential. It has even been reported 
that plant extracts accelerate all four phases of wound healing 
(61), and in rats, research groups have shown wound healing 
activity of the ethyl acetate extract of A.muricata leaves against 
excisional wounds (61). Macroscopic and microscopic analyses 
demonstrated significant healing after topical administration 
of the extract for 15 days. Moreover, during the healing process, 
immunohistochemical evaluation revealed up-regulation of heat 
shock protein 70 (Hsp70), an essential protein for wound heal-
ing that also has a role in cell proliferation (61). The antioxidant 
potential of A.muricata leaves also accelerated wound healing by 
elevating levels of catalase (CAT), glutathione peroxidase (GPx) 
and superoxide dismutase (Cu, Zn-SOD). Annona muricata extract 
also markedly reduces the lipid peroxidation marker malondial-
dehyde (MDA), known for its damaging effect on the fibroblasts, 
endothelial cells and collagen metabolism essential for wound 
repair (61). Under the same experimental conditions, alcoholic 
extract of the stem bark from the fourth day after injury onwards 
showed noteworthy healing capacity. The evidence is thus strong 
in excision models that A.muricata extract has promising wound 
healing abilities.

Graviola as a chemopreventive agent

The alarming incidences and the failure of the current chemo-
therapeutic approaches for advance stage cancers to reduce 
mortality is stressing for new approaches of cancer control. 
Although it seems difficult to treat advanced cancers by targeted 
therapies due to their genotypic or phenotypic heterogeneity 
and associated toxicity, efforts to stop the process of carcino-
genesis to decrease cancer incidences seem more realistic strat-
egy. Chemoprevention is the use of pharmacological agents that 
can arrest or reverse the process of carcinogenesis. Many natu-
ral compounds have been used as chemopreventive agents with 
capacity to intervene either at the stage of initiation, promotion 
or progression during carcinogenesis (62). Graviola extracts have 
also been used as chemopreventive agent in many carcinogen-
induced mouse models as discussed below.

Colorectal tumors are thought to arise from a cluster of 
abnormal tube-like glands called aberrant crypt foci (ACF), lin-
ing the colon and rectum. These ACF’s are formed before colo-
rectal polyps and are one of the earliest changes seen during 
colon carcinogenesis. Apart from the therapeutic potential, it 
was recently reported that the leaf ethyl acetate extract of gravi-
ola (250 and 500  mg/kgBW) prevented azoxymethane (AZM) 
-induced colonic ACF formation in rats (63). The histological 
analysis revealed down regulation of PCNA, BCL2 and upregu-
lation of proapoptotic Bax protein in extract-treated animals 
compared with AZM-treated animals. They further observed 

decreased malondiadehyde expression that was associated 
with decreased lipid peroxidation (63). Eggadi et al. also showed 
the chemopreventive effects of EE of graviola in 1,2-dimethyl 
hydrazine (DMH) -induced colon cancer in Wistar albino rats (64). 
They showed that of EE (300 mg/kgBW) significantly decreased 
the number of DMH induced ACF’s in colorectal epithelium (64). 
Recently, Roduan MR et al. analyzed the chemopreventive effi-
cacy of hexane, dichloromethane and methanol fractions from 
graviola leaves on 7,12-dimethylbenzeneanthracene (DMBA) 
and 12-0-tetradecaboylphorbol-13-acetate (TPA) promoted skin 
tumorigenesis using mice models (65). They observed signifi-
cant decrease in the incidence of tumors, volume of the tumors 
and over all tumor burden compared with carcinogen-treated 
controls. Furthermore, they reported restoration of DMBA/TPA-
induced levels of SOD (by methanolic extract), CAT and lipid 
peroxidation by these extracts. They further concluded that 
chemopreventive potential of graviola extracts may be due to 
their both antioxidant and cytotoxic effects (65). Similar chem-
opreventive effects of EE of graviola leaves (EEL) were reported 
by Hamizah S et  al., in DMBA-induced skin papillomagenesis 
mice model (66). They showed that topical application of EEL 
(30, 100 and 300  mg/kg BW) to DBMA-treated [(100  µg/100  µl 
acetone/single dose followed by croton oil (1% in acetone/twice 
a week) for 10 weeks as cancer promoter)] mice increased the 
average latency period and significantly reduced skin papil-
lomagenesis compared with DBMA-treated control animals. 
They further showed that EEL at 100 and 300 mg/kg BW doses 
completely inhibited the tumor development (66). The his-
topathological analysis revealed insignificant hyperplastic 
lesions with no kareatin pearls compared with DBMA-treated 
animals suggesting a strong chemopreventive effect of graviola. 
Adelina R et al. reported that EEL graviola (200, 400 and 800 mg/
kg BW) given to the Sprague Dawley rats for 17 days resulted 
in p53-dependent apoptosis of DMBA-induced liver cancer cells 
(67). Similar chemopreventive effects of MLE of graviola were 
reported by Rajesh M et  al., in benzo[a]pyrene (BPa)-induced 
lung cancers (68). BPa treatment (50  mg/kg BW) given orally 
twice a week for 4 successive weeks induces lung cancer by 
16th week. They observed that treatment with MLE (400 mg/kg 
BW) started week before the BPa treatment and continued for 
16 weeks (single dose/week) significantly reduced the incidence 
and burden of the lung tumors. They further observed normal 
lung gross morphology and significant decrease in the expres-
sion of serum cancer marker carcinoembryonic antigen (CEA) in 
MLE- and BPa-treated animals compared with only BPa-treated 
animals (68). Similar to the results from Roduan MR et al., they 
also observed decreased lipid peroxidation and increased SOD, 
CAT and GSH levels in MLE-pretreated animals compared with 
BPa only–treated animals (68), suggesting the prevention of 
BPa-induced free radicals and cell damage by MLE. They fur-
ther reported no acute toxicity of the MLE at 2000 mg/kg BW 
suggesting its safe use (68). In addition, GLE has been reported 
to inhibit the growth of benign prostatic hyperplasia-1 cells 
(BPH-1) and to decrease prostate size in rats after oral adminis-
tration for 60 days (8). A recent study demonstrated that EE of 
graviola inhibits DMBA-induced breast cell proliferation in the 
breast tissues of female albino mice (69). The histopathological 
analysis revealed that graviola prevented DMBA-induced DNA 
damage and prevented the development of hyperplastic epithe-
lium which are the physiologic precursors for the development 
of ductal carcinoma in situ (69). All these studies suggest that 
graviola is a chemopreventive agent along with its therapeutic 
potential to inhibit the progression from premalignant lesions 
to frank malignancy.
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Of more interest, graviola not only effects in in vitro and in 
vivo studies, but the consumption of boiled leaves of A.muricata 
in combination with the chemotherapeutic drug capecitabine 
(trade name Xeloda, 2500  mg PO) showed stable diseases in a 
66-year-old woman with refractory metastatic breast cancer and 
regressed to multiple therapeutic regimens including adjuvant 
anthracyclines and taxanes and radiation; Femara, Tamoxifen 
and Faslodex; Navelbine; Abraxane, Avastin, Gemcitabine (AAG); 
Doxil and Xeloda (70). Although no cytotoxic effects of graviola 
consumption were observed even after 5 years, the authors cau-
tioned that further clinical investigation is necessary to deter-
mine effective dose, efficacy and potential drug interactions. 
Another study also reported complete regression of the colon 
tumors with the daily ingestion of 5 g GLE along with lifestyle 
modifications (71). In a recent safety evaluation double blinded 
clinical trial (the identifier NCT02439580) in resected colorectal 
cancer patients, no sign of significant toxicity was observed with 
EE of graviola (300 mg) when given for 8 weeks (72). Furthermore, 
no significant difference in energy intake was observed between 
these two groups (73). In addition, administration of EE of graviola 
(180 mg) in diabetic patients along with glibenclamide for 30 days 
showed lower blood glucose with only 4% (2/45) patients show-
ing burning pain in epigastrium and 6% (3/45) showed nausea 
(74). Although many ACG’s including isoannonacinone, annona-
cinone, coreximine solamin, alkaloids, reticuline and annona-
cin acetogenins were earlier shown to be toxic to dopaminergic 
cells by impairing energy production (reviewed in Ref. 75), 
however, further studies showed that this decreased ATP produc-
tion and associated neurodegeneration did not change the mice 
behavior or locomotor activity (76,77). In addition, the consump-
tion of graviola was earlier associated with the appearance of 
atypical Parkinson’s disease in humans (78,79); however, recent 
studies by l’Agence Francaise de Se´curite´ des Aliments (AVIS), 
based on the amount of various constituents in the graviola, 
pharmacokinetics studies and daily human consumption have 
suggested no clinical link between them (reviewed in Ref. 75). 
Overall, majority of the studies undertaken for dose escalation 
and to identify the therapeutic efficacy of various fractions of 
Graviola in many diseases have shown either very mild or no 
toxicity associated with these extracts (reviewed in Refs. 9  
and 75) suggesting its safety in patients.

Other pharmacological activities of graviola

Besides showing the anticancer activities, graviola effects many 
other non-malignant diseases; those share many common 
signaling pathways with the cancer. Therefore, it is pertinent 
to understand the common underlying pathways effected in 
human diseases effected by graviola to develop a comprehen-
sive and systemic therapeutic regime against human diseases.

Graviola against non-microbial human diseases
Chronic dysregulation of proinflammatory enzymes and 
cytokines that facilitate the production of prostaglandins, leu-
kotrienes, adhesion molecules and matrix metalloproteinases 
results in arthritis besides cancer. All these factors are con-
trolled by initiation of the transcription NF-κB, which controls 
expression of TNF-α, interleukin-1β, cyclooxygenase-2, lipoxy-
genase, matrix metalloproteinases or adhesion molecules, all 
of which mediate inflammatory events. It has been found that 
products derived from plants can suppress these cell-signaling 
intermediates and preclinical, and clinical studies demonstrate 
that these agents have potential for arthritis treatment. Annona 
muricata is already used to treat arthritis in Nigeria and Malaysia, 
for example. An in vivo study on different doses of the ELE from 

A.muricata has shown antiarthritic activity in CFA-induced 
arthritis in rats (59). Oral administration of the extract reduced 
edema and at higher doses significantly suppressed TNF-α and 
IL-1β expression; Annona muricata leaves added suppression of 
proinflammatory cytokines (59).

Liver is vitally important for metabolism and detoxification 
of endogenous and exogenous substances, especially drugs. 
However, continuous expulsion or metabolism these sub-
stances by liver cells results in generation of free radicals that 
are associated with membrane lipids peroxidation, hepatic cell 
damage (80) and sometimes cancer. Ten percent of the world’s 
population are affected by liver diseases, including hepatitis, 
cirrhosis, fibrosis, fatty liver, alcoholic liver disease and drug-
induced liver disease (81). Herbal medicines have been used to 
treat liver disorders for centuries and at present are promising 
for various pathophysiological liver conditions. Annona muricata 
is commonly used to treat several liver disorders, particularly 
jaundice. A study was performed on phenyl hydrazine–induced 
jaundice in adult rats that were orally treated with A.muricata 
aqueous extract at doses of 50 and 400 mg/kg and found a sub-
stantial reduction in elevated bilirubin. Alcoholic extract of 
A.muricata has been evaluated for protection against carbon 
tetrachloride (CCl4) toxicity, and the extract was found to scav-
enge ROS generated during CCl4 metabolism. It has also been 
shown to protect against increased SGOT (serum glutamic-
oxaloacetic transaminase), SGPT (serum glutamic-pyruvic 
transaminase), ALP (alkaline phosphatase) and liver and brain 
lipid peroxidation (82). Apart from the hepatoprotective prop-
erty of the alcoholic extract of the leaves, the aqueous extract 
was also reported to protect against liver damage induced by 
CCl4 and acetaminophen. Results demonstrated that liver dam-
age returned toward normal hemostasis when pretreated with 
different doses of the extract for 7 days. The presence of gluco-
sides in A.muricata mechanistically reduced bilirubin levels by 
converting to glucuronic acid that conjugates with bilirubin for 
excretion. Similarly, phytochemicals in the extract might act as 
regulators to increase the activity of enzymes and transporters 
and thereby enhance the activity of the pathway involved in 
clearing bilirubin. These outcomes validate the traditional use 
of A.muricata against jaundice and display its potential hepato-
protective function.

The gastro protective activity of A.muricata leaves has been 
studied against gastric injury induced by ethanol, and results 
demonstrate that oral administration of the ethyl acetate 
extract at doses of 200 and 400  mg/kg displayed a significant 
antiulcer effect. The protective effect of the extract on rat gas-
tric wall tissue was accompanied by an increase in enzymatic 
activity of antioxidants and suppression of lipid peroxidation, 
followed by an increase in protein expression of Hsp70 and a 
decrease in Bax expression. Reports have also shown that ethyl 
acetate and ethanol extracts from the leaves of A.muricata 
displayed a protective gastric effect that was same as that of 
omeprazole in ethanol ulcerogenesis in rats. Antioxidant com-
pounds of A.muricata promote antiulcer potential by increasing 
mucosal non-protein sulfhydryl group content, with related 
reduction in gastric wall mucus (GWM) from excessive pro-
duction of gastric acid. The antioxidant constituents present in 
A.muricata extract may also play a major role in gastro protec-
tion. ROS has also been found to induce oxidative damage to 
the gastric mucosa, but A.muricata extract restores the enzyme 
activity of CAT, prostaglandin E2, SOD, glutathione, nitric oxide 
and malondialdehyde, all of which are responsible for reduction 
in cellular ROS. Histopathological examination provides add-
itional evidence revealing that the extract protects gastric tissue 
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from hemorrhagic lesions by decreasing leukocyte infiltration 
and submucosal edema.

Diabetes (hyperglycemia) is considered a silent deadly disease, 
a consequence of high glucose levels in the blood due to lack of 
insulin production or excess and resistance to insulin. If untreated, 
diabetes causes damage to nerves, eyes and internal organs, often 
resulting in coronary complications and requiring limb amputa-
tion in the later stages. However, there are many natural ways to 
treat and control insulin levels, including plant products that con-
tain secondary metabolites such as flavonoids, tannins and trit-
erpenoids, which have a direct influence on glucosidase activity. 
Flavonoids inhibit α-glucosidase through substitution at β-ring and 
hydroxylation, decreasing hydrolysis of carbohydrates and in turn 
inhibiting glucose absorption and preventing carbohydrate metab-
olism. It has been reported that after a month of daily treatment, 
A.muricata resulted in close to normal blood glucose levels, body 
weight, food and water intake, lipid profile and oxidative defense 
(83). Studies in murine models have shown that A.muricata aque-
ous and methanolic leaf extracts led to decreases in concentration 
of blood glucose in rats with diabetes induced by streptozotocin 
(STZ). Moreover, the extract caused decreased levels of serum cho-
lesterol, low-density lipoproteins, very low-density lipoprotein, 
cholesterol and triglycerides (83). The fruit of A.muricata has also 
been shown to lower the glycemic index (GI) and glycemic load 
(GL), confirming its antihyperglycemic potential.

In A.muricata leaf extract, alkaloids such as anomurine, 
reticulin, coreximine and essential oil constituents such as 
β-caryophyllene have been shown to lower hypertension (84). 
Depending on dose, the leaf extracts of A.muricata also lower 
blood pressure in normotensive rats without disturbing heart 
rate. The mechanism driving the antihypertensive activity of 
A.muricata was shown to be due to Ca2+ antagonism, but did 
not appear to be via the endothelial or nitric oxide pathways. 
Blockage of Ca2+ channels demonstrated that A.muricata extract 
can relax high K+-induced contraction (84).

Graviola against microbial and parasitic diseases
Malaria is a devastating disease, affecting tropical as well as 
subtropical areas (85). Antimalarial drugs have shown inef-
ficiency due to parasite resistance (86), and thus, there is an 
urgent need to discover new antimalarial agents. Phytochemical 
compounds including alkaloids, anonaine, ACG’s and gallic acid 
isolated from A.muricata have been reported to possess antimal-
arial properties. Annona muricata leaf extract has been tested 
against two strains of Plasmodium falciparum, which include the 
Nigerian chloroquine-sensitive strain and FcM29-Cameroon. 
Of interest, the potent activity of this extract was found at an 
IC50 value of just 16 and 8  µg/ml after 72  h of treatment (87). 
Results also revealed that leaf extract at 20 µg/mL displayed 67% 
inhibition against an asynchronous F32 strain of P.falciparum. 
Another report found that A.muricata leaves and stems exhib-
ited cytotoxic effects against chloroquine-sensitive (F32) and 
resistant (W2) P.falciparum. Compared with methanolic extract, 
A.muricata seed extract also displayed potent efficacy (88). 
Furthermore, phenolic compounds mechanistically inhibit the 
activity of the fatty acid biosynthesis responsible for the growth 
of P.falciparum. The β-ketoacyl-ACP-reductase (FabG) is non-
competitively inhibited by luteolin, which subsides acetoacetyl-
CoA and NADPH. Moreover, β-hydroxyacyl-ACP-dehydratase 
(FabZ) is competitively inhibited by luteolin and competes with 
substrate crotonyl-CoA. In another malarial strain, Plasmodium 
berghi, the aqueous A.muricata leaf extract showed significant 
antimalarial activity with prolonged survival and no detect-
able toxicity. Plasmodium berghei–infected a 4-week-old female 

Imprinting Control Region (ICR) mice were fed orally with ALE 
(100 to 1000  mg/kg) resulting in parasitemia reduction from 
38.3% to 85.61%, depending on dose (89). These studies suggest 
that the antimalarial activity of A.muricata may contain poten-
tial molecule(s) for drug treatment development.

Antibiotics remain the most valuable drugs to combat bacte-
rial infections, but it is well known that commonly used antibiot-
ics have become less effective and have promoted development 
of multidrug resistance bacteria. There is thus an urgent need 
to explore new drugs with proven noteworthy roles in treat-
ment and prevention of infection, and it has been found that 
A.muricata extracts possess a broad range of activity against bac-
teria responsible for diseases and disorders such as intractable 
diarrhea, urinary tract infection (UTI), skin diseases and treat-
ment-resistant secondary pneumonia (75). Aqueous, ethanolic 
and methanolic extracts of A.muricata were screened for anti-
bacterial activity against Staphylococcus aureus, Escherichia coli, 
Proteus vulgaris, Streptococcus pyogenes, Bacillus subtilis, Salmonella 
typhimurium, Klebsiella pneumonia and Enterobacter aerogenes 
microorganisms. The extract exhibited antibacterial activity 
against S.aureus and Vibrio cholera, and EE showed potent activity 
against Pseudomonas aeruginosa and S.aureus (75).

Leishmaniosis and Trypanosomosis are common and deadly 
protozoan diseases. Resistance to available drugs is a major 
hindrance to treatment of protozoal diseases. Annona muricata 
has been screened on several pathogenic parasites for cyto-
toxic activity. It has been shown that ethyl acetate leaf extract 
of A.muricata treatment against three species of Leishmania, i.e. 
PH8, M2903 and PP75, and Trypanosoma cruzi resulted in impor-
tant, potent antileishmania and antitrpanosom activity (88). 
Apart from this finding, ethyl acetate and methanolic extract 
have shown an appreciable antileishmanial effect against 
Leishmania braziliensis and Leishmania panamensis species when 
compared with glucantime (90). Phytochemicals including 
annonacinone and corossolone isolated from A.muricata seeds 
and tested against three species of Leishmania, i.e. donovani, 
mexicana and major, further showed an EC50 value of 6.72–8.00 
and 16.14–18.73 µg/ml (91). The methanolic extract of A.muricata 
seeds also exhibited substantial antiparasitic activity against 
Molinema dessetae infective larva (92), and the ALE showed 89.08% 
and 84.91% toxicity against larvae and eggs of Haemonchus con-
tortus, a well-known gastrointestinal parasite (93).

Conclusion and future directions
Despite significant medical and technological developments, 
cancer remains one of the leading causes of death in the USA 
and around the world. The advent of modern drug-targeted 
therapies, while improving patient prognosis, is associated with 
serious toxicities and development of resistance. Compounds 
derived from plants have long been used to prevent and to treat 
various diseases, including cancer. The present review high-
lights the pharmacological importance of natural products from 
the plant A.muricata and their efficacy as a candidate for a vari-
ety of treatments, especially for cancers.

Various extracts from the plant have been used as traditional 
herbal medicine and have proved to possess a broad range of 
properties, including antioxidant, anti-inflammatory, antiar-
thritic, hepato-protective, gastro-protective, antidiabetic, anti-
malarial, antibacterial, antiprotozoan, insecticidal, larvicidal 
and healing of wounds. It is interesting as well that the extract 
of this plant provides notable protection against various malig-
nancies, including leukemia, colon, breast, HNSCC and prostate 
cancers. A recent descriptive and cross-sectional questionnaire 
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identified graviola as a most popular herbal remedy in Trinidad, 
used for PCa, breast and colorectal cancer patients (94). Intensive 
pharmacological studies identified almost 200 phytochemicals, 
mostly acetogenins and alkaloids from A.muricata, and few of 
these were shown to possess anticancer properties. Various 
mechanistic studies associate these with ACG’s: (i) by effecting 
metabolism through down-regulation of mitochondrial NADH 
oxidase function, inhibiting the mitochondrial complex I of the 
electron transport chain (95); (ii) modulating and/or down-reg-
ulating drug efflux proteins to kill multidrug-resistant tumors 
(30,96); (iii) targeting EGFR signaling to induce cell cycle arrest 
and inhibit cytotoxic cell survival and metastasis (19,34,95); 
and (iv) inducing endoplasmic reticulum (ERe) stress (97). These 
actions are summarized schematically in Figure  1. A  recent 
molecular docking study demonstrated robust and improved 
interaction of acetogenin with the Bcl2 family of proteins, com-
pared with available synthetic and natural inhibitors for their 
proapoptotic effects (98). This suggests the strong therapeutic 
efficacy of graviola in combating various malignancies.

Toxicity and associated side effects of available chemothera-
pies clearly indicate the urgent need for novel drug combina-
tions. Several recent studies show strong efficacy of combination 
of conventional therapy with natural compounds, compared 
with conventional drugs alone (reviewed in Ref. 99). These 
combinations work either additively or synergistically, while 
minimizing side effects and sensitizing tumors to CRT through 
modulation of multiple resistant signaling pathways (reviewed 
in Ref. 99). Keeping in mind the low toxicity of graviola towards 
normal cells and its modulation of various cancer-associated 
signaling pathways, a combination of CRT and graviola would 

likely provide the benefits of decreased dosage while selectively 
killing tumor cells.

Inflammation is also a prerequisite for the development 
of various cancers, and NF-kB regulated proinflammatory 
cytokines such as TNF-α and IL-1 are critical to the regula-
tion of inflammation (100). Although graviola has been shown 
to inhibit cell proliferation and to decrease tumor growth, its 
effect on NF-kB-mediated anti-inflammatory effects can also be 
a beneficial and better strategy for management of solid cancers 
through inhibiting the site of inflammation.

Many current studies on graviola were performed using crude 
extracts from various parts of the plant, consisting of a mixture 
of phenolic and nonphenolic compounds, with amounts which 
may vary by geographical locations of the plant. They may thus 
display varied anticancer proprieties. To address this, a recent 
study investigated crude extracts from A.muricata collected from 
various locations and reported on how their differing potencies 
affected breast cancer cell lines. Results indeed suggested that 
geographical distribution affects phytochemical composition 
and therefore anticancer properties (101). In addition, as with 
many herbal medicine or supplement products, processing and 
formulation may vary widely in different products available in 
the market, making reliable results more difficult to achieve. 
Because of these and other factors, the antitumor effects seen 
in these complex mixtures may be difficult to interpret. Their 
overall effects can be due to interactions between a variety of 
constituents, or it may be the case that one key component 
plays the crucial role in a desired biological activity. Systematic 
and robust screening, therefore, is needed to identify biochemi-
cal fractionation and the physiological effects of all isolated 

Figure 1.  Possible anticancer mechanisms of graviola. Graviola induced apoptosis by loss of MMP and activation of caspases. Suppression of EGFR and JAK signaling 

leads to blockade of the PI3K, RAS and STAT pathways, respectively, culminating in decreasing cell viability and metabolic catastrophe by down-regulating HIF-1α, 

GLUT1, GLUT4, expression, associated with decreased glucose uptake and cell cycle arrest in human cancer cells. Graviola inhibits NF-κB mediated TNF-α and IL-1 

expression to control inflammation. Graviola increases ROS generation by effecting the expression of catalase (CAT), SOD and heme-oxygenase (HO-1) expression. 

Graviola also kills the drug-resistant cells possible by modulating multidrug-resistant export proteins.
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phytochemicals, with detailed investigation of underlying 
mechanisms.

We conclude with the important caveat that many ques-
tions still need to be addressed in the future exploration of 
the potential of graviola for therapeutic utility; further identi-
fication and characterization of active constituents is crucial 
for the development of new pharmacological candidates to 
treat cancer and other diseases. It is critical to understand, 
for example, that earlier toxicological studies suggested that 
annonacin, a prototypical acetogenin and potent lipophilic 
inhibitor of complex I of the mitochondrial respiratory chain, 
could have contributed to the etiology of certain cases of 
Parkinson’s disease-like syndromes, and that this mechanism 
may be pertinent for the Annonaceae species (78,79). Studies 
must weigh the various therapeutic benefits (such as antimi-
crobial, anticancer and antiarthritis) and potential toxic effects 
(especially the putative Parkinson’s disease connection), and 
critically assess these with respect to required dosage, risk/
benefit and “therapeutic window” in different indications. 
Although the depletion of ATP appears to be one of the major 
mechanisms of the anticancer actions of graviola, efforts to 
restore the potency of graviola may require avoiding other 
supplements that increase ATP production. Despite numerous 
studies suggestive of the potential utility of graviola for patho-
logical conditions, it is necessary to select well-characterized 
and sufficiently quality-controlled products to perform well-
designed, randomized, robust and systematic clinical trials to 
further validate its efficacy and safety.
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