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Abstract
Introduction Papaya (Carica papayaLinn.) belongs to the family Caricaceae and is well known for its therapeutic and nutritional
properties all over the world. The different parts of the papaya plant have been used since ancient times for its therapeutic
applications. Herein, we aimed to review the anticancer, anti-inflammatory, antidiabetic and antiviral activities of papaya leaf.
Methods All information presented in this review article regarding the therapeutic application of Carica papaya leaf extract has
been acquired by approaching various electronic databases, including Scopus, Google scholar, Web of science, and PubMed. The
keywords Carica papaya, anticancer, anti-inflammatory, immunomodulatory, and phytochemicals were explored until
December 2019.
Results The papaya plant, including fruit, leaf, seed, bark, latex, and their ingredients play a major role in the management of
disease progression. Carica papaya leaf contains active components such as alkaloids, glycosides, tannins, saponins, and
flavonoids, which are responsible for its medicinal activity. Additionally, the leaf juice of papaya increases the platelet counts
in people suffering from dengue fever.
Conclusion The major findings revealed that papaya leaf extract has strong medicinal properties such as antibacterial, antiviral,
antitumor, hypoglycaemic and anti-inflammatory activity. Furthermore, clinical trials are needed to explore the medicative
potential of papaya leaf.
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Introduction

Plants and plant-based products have been employed to pre-
vent various human diseases since ancient times. Overall, ap-
proximately 80% population of the world depends directly on
plants for the primary health care [1]. In India, about 45,000
plant species have been reported to possess medicinal proper-
ties [2]. Natural product or compounds isolated from the plant

have shown a major advantage over synthetic drugs such as
cost-effective, easy availability and show negligible side ef-
fects [3]. Numerous studies have published the use of medic-
inal plants for the management of a wide range of Diseases.
carica papayaLinn. from the Caricaseae family, is indigenous
to Central America and South of Mexico, and commonly
grown in India has been used for its medicinal properties
around the world [4]. The papaya plant is perennial usually
unbranched, smooth stem and long-stalked leaves are having
5–6 lobes and can grow up to 20 m in height [5]. Different
parts of papaya plant viz. fruit, bark, roots, seeds, peel, pulp,
and leaf have many known therapeutic uses around the world
(Table 1) [6].

The papaya plant is a nutritionally abundant source of vi-
tamins A, B and C and also a fair source of calcium and iron
[10]. It contains enzyme papain, which helps in digestion and
used to treat ulcers and in some microbial diseases where it is
specifically effective against gram-negative bacteria at higher
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doses [7]. The seed extract of papaya fruit contains benzyl
isothiocyanate, which is bactericidal, bacteriostatic, and fun-
gicidal at a single effective dose of 4–5 g seeds (25–30 mg
BITC) [8]. Papaya possesses excellent antioxidant activity
which play role in the neutralization of free radical generation
and prevent the pathogenesis [11]. Latex is one of the most
important constituents of papaya which contains papain, gly-
cyl endopeptidase, chymopapain and caricain, and the abun-
dance of these proteinases vary in different parts of papaya
plant [12]. In recent years many scientific research have been
performed to explore the therapeutic uses of papaya leaf.
Papaya leaves have been used for remedies against various
ailments, such as fever, asthma, colica, beriberi and jaundice
[9]. Currently, various methods have been used for the prepa-
ration of papaya leaf extract (PLE), but most commonly aque-
ous extract, ethanol extract, methanol extract, and freeze-dried
papaya leaf juice have been used for the prevention of several
diseases [13–15]. Papaya leaf contains carbohydrates, vita-
mins, lipids, proteins, and thus, it can be used as a nutritional
agent. These compounds varying in concentration including
ascorbic acid 38.6%, protein 5.6%, phosphoric acid 0.225%,
carbohydrates 8.3%, iron 0.0064% and minerals like magne-
sium 0.035% per 100 g of leaf portion [16]. The quantitative
phytochemical analysis illustrated that aqueous PLE revealed
the presence of 0.001% tannins, 0.022% saponins, 0.013%
flavonoids, 0.011%, phenolics, 0.019% alkaloids and
0.004% steroids [17].

In addition, PLE has a therapeutic option for the prevention
of dengue, which is a viral disease [18]. Recently, Otsuki and
coworker have reported the effect of PLE on the growth of
tumor cells and also showed that increased secretion of TH1
type cytokines from human lymphocytes [19]. Currently, re-
ported that papaya leaf has several active constituents which
can enhance the antioxidant power in the blood and decrease
lipid peroxidation level, like ascorbic acid, alpha-tocopherol,
chymopapain, cyanogenic glucosides, cystatin, flavonoids,
glucosinolates, and papain [20]. The structures of bioactive
secondary metabolites derived from PLE were shown in
Fig. 1. Many anecdotal references for the treatment of breast

cancer [21], osteosarcoma [22], hepatocellular carcinoma,
Burkitt’s lymphoma, pancreatic epithelioid carcinoma, cervi-
cal carcinoma, mesothelioma, and lung adenocarcinoma [23]
have been reported. Even various studies of the anticancer
properties of PLE prepared by aboriginals in Australia have
been subsequently documented [24]. Many scientific studies
have been carried out to isolate and characterize the bioactive
constituents from papaya leaves. The photochemical investi-
gation suggested that young leaves contain alkaloids, saponin,
tannin, flavonoid and glycosides, hence have therapeutic
properties like antibacterial, anti-inflammatory, antiviral,
hypoglycaemic antitumor and many others [25]. The review

Quercetin kaempferol 
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Fig. 1 Carica papaya leaf derived compounds

Table 1 Medicinal uses of different part of papaya plant [6–9]

Plant part Medicinal uses

Ripe fruit Sinuses, chronic forms of skin indurations in Caribe, Philippines; Chronic skin ulcers in Jamaica Stomachic, digestive, diuretic,
expectorant, sedative and tonic, bleeding Piles and dyspepsia in India

Green fruit Malaria, hypertension, diabetes mellitus, hypercholesterolemia, jaundice Intestinal helminthiasis in Nigeria

Latex Dermatitis and psoriasis in Africa, Asia, Europe

Leaves Heart tonic, febrifuge, vermifuge, colic, dengue fever, beriberi, abortion, asthma India, Stomach troubles, cancer in Australia

Flowers Jaundice, cough, hoarseness, bronchitis, laryngitis, and tracheitis in Asia

Seeds Anti-fertility. Antimicrobial, fungicidal, carminative, counter irritant

Roots/barks Digestive, tonic, abortifacient in Australia, sore teeth in India, syphilis in Africa
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mainly emphasises on the therapeutic properties of Carica
papaya leaf for the prevention and management of disease
progression.

Therapeutic application of PLE

Papaya leaf extract (PLE) has a medicinal role in the treatment
of various human diseases owing to the presence of rich
source of phytochemicals, minerals and vitamins. Several lit-
eratures have been documented the implication of PLE for
controlling various diseases since ancient time. Furthermore,
the potential role of leaf in disease prevention summarized
below is based on the current scientific investigations.

Mechanism of action of papaya leaf in health
management

PLE is known to interact with a broad range of molecular
targets and exert therapeutic activity against several diseases.
The vital molecular targets involved in the anticancer preven-
tion are suppression of the activity of DNA topoisomerase I/II,
alteration of signalling pathways, downregulating gene ex-
pression of Bcl-2 and Bcl-XL, upregulating the gene expres-
sion of Bax, Bak, cleaved caspase 3 and increasing the expres-
sion of P53 [19, 26]. PLE treatment increased nitric oxide
production (NO), costimulatory receptor (CD80), tumor ne-
crosis factor-alpha (TNF-α), IL-12p40, IL-6, IL-12p70,
IFN-γ, and decreased the secretion of IL-2, IL-4 [19, 27].
Further, PLE modulates the secretion of pro-inflammatory
cytokines like IL-1β, IL-6, IL-1α, IL-8, and chemokine
CCL7, CCL2, CCL8 [19, 28]. CPE treatment is reported to
the beneficial effect on dengue patients through activation of
expression of ALOX 12 and PTAFR gene [29]. Figure 2 il-
lustrates the molecular mechanisms of action of PLE for the
treatment of various diseases. Furthermore, freeze-dried
Carica papaya leaf modulates the production of inflammatory
cytokines CCL6/MRP-1, CCL17/TARC, CCL12/MCP-5,
CCL8/MCP-2, IL1RN/IL1Ra, IL1R1, PF4/CXCL4, and
NAMPT/PBEF1 in the dengue virus-infected mice AG129
[30]. PLE also regulates the β-cells for the release of insulin
in diabetic rats [31].

Anti-cancer effect of PLE

Cancer is one of the most deadly diseases which arises due to
the uncontrolled division of genetically unstable cells and sig-
nificant causes of deaths that occur worldwide. Among differ-
ent types of cancers including colon, cervix, liver, stomach,
lung, pancreas and breast cancer reported in the human, lung
cancer is the most prevalent cancer among males, followed by

breast cancer in females [32]. Currently, depending upon the
type, stage and location of cancer, there are many treatments
available for cancer like surgery, chemotherapy, radiotherapy,
immunotherapy, vaccinations and combination therapy, where
chemotherapy is a widely used treatment for highly metastatic
cancer [33]. Chemotherapeutic drugs like Irinotecan, vinblas-
tine, doxorubicin, oxaliplatin, melphalan, carboplatin, cisplat-
in, cyclophosphamide, docetaxel, vincristine, and paclitaxel,
etc. are significantly effective against a wide range of cancers,
and have shown promising results alone or in combination
with other cancer therapies [33, 34]. However, these drugs
have their own limitations including limited bioavailability,
toxicity, non-specificity and fast clearance [35]. These drugs
are frequently linked with adverse effects like high cytotoxic-
ity, neutropenia, sensory neuropathy, cardiovascular toxicity,
pulmonary and hematologic toxicity, gastrointestinal toxicity,
diarrhoea and nephrotoxicity, [33, 34]. Therefore, now re-
searchers have focused on using alternative treatments against
cancer withminimal or without any side effects [36]. Based on
extensive research findings, plant extracts and their derived
analogues are thought to be the most promising option for
cancer treatment without any noticeable side effects of drugs
during therapy [37].

Recently, the presence of a rich phytochemicals-based
medicine system of several tropical plants including papaya
has attracted the attention of researchers [38]. Several groups
of scientists are working worldwide on a possible
phytochemicals-based treatment with minimal side effect to
cure the malaise of cancer. In 2008, Morimoto et al. reported
that in many cases where patients suffering from blood, lung,
liver, pancreatic and stomach cancer showed increased surviv-
al after consuming aqueous PLE, and that was later patented
by him [39]. The most common process used throughout the
world to prepare extracts from various parts of the papaya
plant is cold juicing, where mortar and pestle are used [40,
41]. This method has been studied to release bioactive com-
pounds having strong cytotoxic effects on cancer cells as com-
pared to its aqueous and ethanol extracts [40, 41]. The extract
isolated by this method has a very good anticancer effect
against benign, malignant and normal cells of prostate origin
when applied in vitro; however, if given orally, the same effect
may not be observed in the animal [42].

Studies have shown that in vitro digested PLE by passing
through key steps responsible for physiochemical changes
during human digestion, retained anti-proliferative response,
but with lower potency and efficacy as compared to the crude
PLE [43]. The in vitro anticancer effect of PLE has been
evaluated in several types of cancer cells summarized in
Table 2. Further, PLE showed potential anticancer effect by
decreasing proliferation of prostate cancer cells, only with
negligible effect on the normal cells possibly by inducing cell
cycle arrest and apoptosis [45]. It has been reported that the
antitumor effect of PLE is due to the activation of caspase-3/7

737DARU J Pharm Sci (2020) 28:735–744



and p53-dependent mitochondrial pathway [46], while anoth-
er study showed that PLE arrests PCa cells in S phase follow-
ed by cell death as a mechanism for the antitumor activity of
PLE fraction [42]. Further, PLE has been shown to decrease
characteristic feature of metastatic cancer including adhesion,
migration and invasion [44, 47] by reducing extracellular

matrix (ECM) that acts as chemo-attractants for adhesion
and migration of PC-3 cells [42, 48]. However, thorough in-
vestigations are required to explore the anti-metastatic poten-
tial of PLE and its compound(s) against different cancers.
In vivo acute toxicity study found that orally administered of
PLE at different doses from 5 to 2000 mg/kg body weight

Fig. 2 Molecular mechanisms of
action of underlying therapeutic
properties of papaya leaf

Table 2 In vitro anticancer effect of papaya leaf extract

Papaya leaf (Dose) Cell line Mechanisms of action References

Aqueous
(1.25–27 mg/mL)

Stomach cancer cells (AGS), Pancreatic cancer cells
(Capan-1), Colon cancer cells (DLD-1), Ovarian
cancer cells (Dov-13), Lymphoma cells (Karpas),
Breast cancer cells (MCF-7)

Papaya leaf extract significantly decreased the cell
proliferation of each cancer cells and suppressed
DNA synthesis

[39]

Aqueous
(0.625–20 mg/mL)

Human peripheral blood mononuclear cells (PBMC), T
cell lines (Jurkat, Molt-4, CCRF-CEM and
HPB-ALL), Burkitt’s lymphoma cell lines (Ramos
and Raji), Leukemia cell line (K562), Cervical carci-
noma cell line (Hela), Hepatocellular carcinoma cell
lines (HepG2 and Huh-7), Lung adenocarcinoma cell
line (PC14), Pancreatic epithelioid carcinoma cell line
(Panc-1), Mesothelioma cell lines (H2452, H226,
MESO-4)

Inhibited the cell growth in tumor cell lines. In human
peripheral blood mononuclear cells, papaya extract
decreased the production of IL-2, IL-4 and increased
the production of cytokines L-12p40, IL-12p70,
IFN-γ and TNF-α.

[19]

Juice (0.01-1 mg/mL) Prostate epithelial cells (RWPE 1), Benign tumour
(BPH1), Human prostate cancer cells (PC-3
&LNCaP)

Obtained results shown that significantly decrease the
cell proliferation, S phase cell cycle arrest and induced
apoptosis in prostate cancer cells

[42]

Aqueous
(5,10,25 μl/ml)

Human prostate carcinoma cells (LNCaP, DU145, PC3) Aqueous leaf extract of papaya down regulated the
expression of cell cycle regulatory molecules CDK 4,
cyclin D1, cyclin B1, PCNA and induced apoptosis
by cleavage of caspase-3 and cleaved Poly
(ADP-ribose) polymerase (PARP).

[44]
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(BW) showed no significant toxicity effect in rats [49].
Further, consumption of PLE 2 g/kg BW for 13 weeks did
not cause any toxicity effects in rats [50]. We have found that
oral administration of PLE (0.25%, 0.5% and 1% v/v) in
drinking water has not shown any significant changes in
BW, water consumption and food intake as compared to the
control group in C57BL/6 male mice [44].

Immunomodulatory effect of PLE

The experimental evaluation of different parts of papaya plant
show that it has high medicinal values and beneficial in many
pathological conditions including wound healing, cardiovascular
diseases, dengue fever, cancer etc. [51, 52]. Recently, a strong
immunomodulatory, antitumor and anti-inflammatory properties
of PLE have been reported on several cancer cell lines [53–55].
However, with very few reports on peripheral blood mononucle-
ar cells (PBMC) [19]. In 2010, a study showed the immunomod-
ulatory potential of PLE and evaluated the cytokine profile of
human PBMC by ELISA, and reported that PLE downregulates
IL-4 and IL-2 secretion in culture supernatants in a dose-
dependent manner, and assumed that PLE may induce apoptosis
in PBMC, like similar effect on cancer cells [19]. However,
secretion of Th1 type cytokines like IL-12p70, IL-12p40,
TNF-α, or IFN-γ relevant to anti-tumor immunity was interest-
ingly upregulated at a low dose of PLE, while slight effect on IL-
15, IL-6, IL-5, and IL-10 production [19]. This finding suggests
that there could be a significant correlation between elevated
secretion of Th1 type cytokines and enhanced cytotoxicity, since
IFN-γ, TNF-α, and IL-12 are potent in activating cell-mediated
cytotoxicity [56], which could result in enhanced anti-tumor im-
munity [57]. It further enhances the possibility that PLE may
promote the management of Th2-mediated allergic ailments, like
bronchial asthma and allergic rhinitis, or as an adjuvant of vari-
ous vaccines by stimulating a change from Th2 to Th1 type
immune response [19].

Numerous in vitro findings have emphasized on the role of
bioactive compositions present in PLE extracted with polar
solvents, mainly alcohol and water, in modulating immune-
inflammatory markers [58]. In 2014, Bertrand et al. have
shown that bacterial endotoxin, lipopolysaccharide (LPS) ac-
tivates innate immunity by modulating the production of var-
ious inflammatory mediators like IL-6, IL-1β, IFN-γ, and
TNF-α in monocytes/macrophages [59]. TNF-α secreted by
monocytes or macrophages induces secretion of additional
pro-inflammatory cytokines namely IL-6, IL-1β and IFN-γ
that play a vital role in the pathophysiology of inflammation
[58]. This finding motivated the researchers to find out the
agent that could block TNF-α activities during chronic in-
flammation. In 2014, Bertrand et al. showed that an ethanolic
PLE significantly inhibited isopentenyl pyrophosphate (IPP)
induced TNF-α release in LPS-induced dendritic cells [59].

Further, it was reported that methanol extract of papaya leaf
decreased the secretion of pro-inflammatory IL-6, IL-1β, IL-
1α, TNF-α, and IL-8 by 42.9%, 27.4%, 12.5%, 10.8%, and
8.4%, accordingly in LPS-stimulated human PBMCs [28].
Further, reduction of nitric oxide (NO) secretion in IFN-γ or
LPS-activated murine macrophages cells (RAW 264.7 cell
line) by methanolic PLE was reported in 2011 [60]. A study
documented that an aqueous extract of unripe papaya fruit
modulates the levels of malondialdehyde, catalase, glutathi-
one and superoxide dismutase, and enhanced the immuno-
globulin IgG and IgM levels significantly in acrylamide-
treated rats [61].

Collectively, all in vitro findings discussed here indicate
that papaya extracts have potential to modulate the expression
of inflammatory markers in several cell types under stress.
Many in vitro studies have employed polar solvent of papaya
extracts and hence, the anti-inflammatory activity of nonpolar
extracts needs further investigation. Animal studies are re-
quired to understand the biological effects and potential use
of plant extracts for their pre-clinical significance. Table 3
demonstrates the activities of papaya for modulation of in-
flammatory markers, and enhancing of antioxidant enzymes
and platelets in animals and humans when it is taken in the
form of fruit, peel and leaf. Other in vivo findings on mice and
humans have also founded the anti-inflammatory [60] and
platelet increasing activities of PLE. The in vitro studies are
limited which have analysed the immunomodulatory activity
and mechanisms of papaya fruit, however, it has been studied
in several animal experiments.

Anti-dengue effect of PLE

Dengue is an alarming disease that affects people globally and
estimated to have 50–100 million cases every year [63].
Dengue is caused by dengue virus (DENV) 1–4, belongs to
the Flaviviridae family and transmitted through the bite of
infected mosquito, Aedesaegypti [63]. The symptoms of the
disease appear within 4–7 days after incubation of dengue
virus that include high fever, rash, headache, vomiting and
muscular pain [64]. Thrombocytopenia, the decline in platelet
count, is one of the main hallmarks of dengue and used for the
diagnosis of dengue patients [65]. World Health Organization
(WHO) reported that thrombocytopenia is a rapid decrease in
platelet count and confirmed by a platelet count of below
150,000 per microliter of blood [67]. Currently, no vaccine
or antiviral drugs are existed for the control of dengue disease.
Only patients receive supportive treatment with blood, blood
components, and fluids for the prevention of the disease or
maintenance therapy. There is a ray of hope to have vaccine
against dengue as several clinical trials are ongoing.

Alternatively, for tackling the nemesis of dengue, other op-
tions need to be explored. Many studies have been carried out to
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exploit the herbal medicine for the alternative treatment of den-
gue complications. Recently, many studies explored the potential
role of PLE in treating thrombocytopenia linked with dengue.
These studies demonstrated that treatment with papaya leave
extract significantly increases the platelet count which is de-
creased during the dengue infection [62]. A study showed the
increase in platelet count of five dengue patients within 24 h after
treatment of PLE [68]. Similarly, a randomized controlled study
was conducted on 285 patients and observed that papaya leaf
syrup enhanced the mean platelet count in comparison with con-
trol subjects [69]. Similar results have been observed in a study
conducted on 228 patients inMalaysia [66]. Studies indicate that
main causes of bleeding in dengue patients are associated with a
decreased platelet count which is accompanied by an increased
vascular permeability and plasma leakage [70].

The membrane stabilizing properties of PLE to protect blood
cells against stress-induced destruction has been reported. Such
activity can prevent the platelet lysis in dengue patients [71].
Freeze-dried Carica papaya leaf juice is also reported recently
to significantly decrease the production of inflammatory cyto-
kines viz. CCL12/MCP-5, CCL8/MCP-2,CCL17/TARC,
CCL6/MRP-1, IL1RN/IL1Ra, IL1R1, PF4/CXCL4 and
NAMPT/PBEF1 in the dengue virus-infected mice AG129
[30]. Currently, PLE was shown to decrease the expression of
DENV NS1 envelop protein and cause upregulation of the ex-
pression of IFN-α in THP-1 cells [72]. These studies are encour-
aging and suggest that detailed investigations are needed involv-
ing animal models and clinical trials to standardize the use of
PLE for the prevention and treatment of the dengue infection.

Hypoglycemic effect of PLE

Diabetes mellitus is a series of metabolic abnormalities char-
acterized by hyperglycaemia and defect in insulin production.
The incidence of diabetes is increasing due to various factors

such as unhealthy diets, aging, obesity, sedentary lifestyle, and
also promoted by malnutrition-related causes. According to
the American Diabetes Association, an estimated 1.3% of
the population was affected from diabetes around the world
in 2017. India is considered as the diabetic centre of the world
due to increasing number of diabetic patients [73]. The
International Diabetes Federation estimated 40.9 million peo-
ple with diabetes and predicted an increase in the number up to
69.9 million by 2025 [74]. Many investigations show that
medicinal plants for example psyllium seeds, garlic and
bittermelon have excellent antidiabetic properties [75].

A study demonstrated that papaya leaf has hypolipidemic
and anti-hyperglycemic effects in diabetic rats. Similarly, the
aqueous PLE enhances the release of more insulin from re-
maining β–cells [31]. The administration of the PLE induced
a significant decrease in the plasma concentrations of glucose
and triacylglycerol to 0.75 and 1.5 g/100 mL, respectively
[31]. Furthermore, studies have shown that fermented papaya
decreases both the basal and postprandial glycemia and en-
hances the lipid profile [76]. Furthermore, mechanistic re-
search and clinical trials are required to explore the antidiabet-
ic activity and molecular changes due to PLE.

Sickle cell anaemia and PLE

Sickle cell anaemia is a hereditary disorder affecting the shape
and size of red blood cells (RBCs). Molecular investigations
have established that mutation in haemoglobin causing re-
placement of valine for glutamic acid at the sixth position in
the beta-globin chain alters the shape of normal RBCs to a
sickle shape [77]. Haemoglobin plays a major role in oxygen
transport. The major symptoms appear during sickle cell dis-
ease are anaemia, blockage of blood vessels and headaches
[77]. Sickle cell incidence has been continuously increasing in
under developing countries. In 2012, WHO accounted that

Table 3 In vivo studies of effect of papaya leaf extracts on dengue fever

Leaf
extract

Oral route of
administration (dose)

Results References

Juice 0.2 ml, 7 d Platelet and RBC count were significantly increased after 21 d (5.53X105/ml to 11.3 × 105/ml),
(6 × 106/ml to 9 × 105/ml) in mice.

[62]

Juice 25 ml, twice daily, 5 d Significantly increased platelets, RBC, WBC and PMN in male dengue patient. [63]

Ethanol
(70%)

1.1 g, twice daily, 12 d The results showed that CPC had significant increased the platelet count (p < 0.05), maintained
stability of hematocrit in the normal level, shorten hospitalization (p < 0.05) in dengue fever
patients

[64]

Juice 50 g, daily, 3 d The ALOX 12 (FC = 15.00) and PTAFR (FC = 13.42) genes were highly expressed among
those on the juice

[65]

Juice 0.72 ml/100 g High dose of mature leaf concentrate of C papaya in thrombocytopenic rats significantly (P < 0.05)
increased platelets by 76.5%,WBC by 30.51% and RBCs by 9.08%, when compared with controls

[66]

juice 1000 mg/kg BW Significantly downregulated 8 inflammatory cytokine genes CL6/MRP-1, CCL8/MCP-2,
CCL12/MCP-5, CCL17/TARC, IL1R1, IL1RN/IL1Ra, NAMPT/PBEF1 and PF4/CXCL4 were
observed in the liver of infected AG129 mice.

[30]
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Nigeria people are largely affected by sickle cell disease
worldwide [78].

A study showed that pre-treatment of SS cell suspensions
with PLE suppressed the development of sickle cells in severe
hypoxia, with only 0–2% sickle cells against untreated SS cell
suspensions having 60% sickle cells. In another comparative
study, the aqueous crude extract fraction decreased the sickle
cell formation at different concentration of treatment (1, 3, 5–
10mg/ml), with the highest concentration showing a significant
antisickling property as compared with crude methanol extract
and the HbSS-sodium metabisulphite control [79]. The 5 and
10 mg/ml extract concentrations maintained discoidal shape
cells whereas 80% of the SS cells have sickle shape [79]. The
PLE also decreased the degree of hemoglobin polymerization
and the osmotic fragility of human crescent RBCs [80].
Furthermore, investigations of PLE depicted the presence of
amino acids like cysteine, glycine and glutamic acid as well
as the fair source of mineral elements such as K, Mg, Ca, Fe,
Mn and Na that protect the RBC membrane from lysis and
destruction. Further investigations are lacking to examine the
mechanism of PLE for the prevention of sickle cell disease.

Antibacterial activity of PLE

There are few studies showing that Carica papaya leaf ex-
tracts have antibacterial activity. A study performed by Suresh
et al. indicated that among five plants extracts, the Carica
papaya leaf extract presented the highest antibacterial activi-
ties [81]. PLE strongly inhibited the growth of the tested
gram-positive bacteria (Pseudomonas aeruginosa, Bacillus
subtilis and Staphylococcus aureus) and had lesser effect on
gram-negative (Klebsiella pneumoniae and Escherichia coli)
bacteria [81, 82]. The thick murein layer present in the outer
membrane of gram-negative bacteria prevents the entry of
plant extract inhibitor substance into the cell. In another study,
papaya leaves extracted with ethanol, methanol, ethylacetate,
acetone, chloroform or hot water extracts showed excellent
bactericide action against Bacillus cereus, Klebsiella pneumo-
nia, Micrococcus luteus, Escherichia coli, Pseudomonas
aeruginosa and Staphylococcus aureus [83]. In addition,
methanolic extract of PLE exhibited antimicrobial activity
versus Candida albicans , Escher ichia col i and
Staphylococcus aureus [84]. These studies appear to be pre-
liminary warranting more investigations in the molecular al-
terations associated with its antibacterial activity.

Gastro-protective effect of PLE

Ulcers are a common gastrointestinal tract disorder that influ-
ences a massive population of human worldwide. Many risk
factors could be associated with this disorder such as smoking,

stress, alcohol, nutritional deficiencies, non-steroidal anti-in-
flammatory drugs (NSAIDs) and infections (Helicobacter
pylori). Odo et al. [85] investigated the effect of ethanolic
extract of papaya leaves in the treatment of experimentally
caused gastric ulcer in rats. The result obtained shown the
significant (P < 0.05) decreases in ulcer index and gastric juice
volume, and increase in the pH of gastric juice in aspirin-
induced gastric ulcer bearing rats [85]. Another finding con-
firmed that its aqueous leaf extract reduced the gastric ulcer
index in alcohol-induced rat model [86]. Overall, the PLE can
be useful as a therapeutic agent for the cure of gastric ulcer,
however, more studies are needed for a broader insight.

Conclusions and future perspectives

Overall, this review summarized the therapeutic medicinal
potential of papaya leaf for various diseases. The studies
discussed above provided evidence for the presence of bioac-
tive phytochemicals in papaya leaf, which could be playing
roles in the prevention and cure of the diseases. Under the
circumstances, phytomolecules are expecting to revolutionize
cancer prevention and treatment in the next decade and will
provide a promising and effective alternative to conventional
drugs. To evaluate the possible therapeutic applications of
these phytochemicals, extensive in vitro or in vivo studies
are required, before going to the clinics. In spite of the prom-
ising data available, from a number of biochemical, cell cul-
ture, animal, and few human studies, there is a need for in
depth studies and clinical trials to investigate the potential role
of papaya in the management of various human diseases.
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