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The papaya, or Carica papaya Linn., is a member of the Caricaceae family and is
renowned worldwide for its medicinal and nutritional qualities. Since ancient times, the
various parts of the papaya plant have been utilized for medicinal purposes. In this
article, we reviewed papaya leaf's antiviral, antidiabetic, anticancer, and anti-
inflammatory properties. The data reported in this review paper about the use of Carica
papaya leaf extract for therapeutic purposes was gathered by searching through a
number of electronic sources, including PubMed, Google Scholar, Scopus, and Web of
Science. Up until December 2023, the following keywords were investigated: Carica
papaya, anticancer, anti-inflammatory, immunomodulatory, and phytochemicals. The
papaya plant—fruit, leaves, seeds, bark, latex, and all of its components—plays a
significant part in controlling the course of illness. The active ingredients in Carica
papaya leaf—alkaloids, glycosides, tannins, saponins, and flavonoids—are what give it
its therapeutic properties. In addition, those with dengue fever have higher platelet
counts when they consume papaya leaf juice. The main conclusions showed that papaya
leaf extract had potent antimicrobial, antiviral, anticancer, hypoglycaemic, and anti-
inflammatory effects. Moreover, research on papaya leaf's medicinal potential requires
clinical trials.

INTRODUCTION

demonstrated a number of advantages over

Since ancient times, people have used plants and
plant-based products to prevent a variety of human
ailments. Approximately 80% of the world's
population receives their basic healthcare straight
from plants. It has been reported that over 45,000
plant species in India have therapeutic qualities.
Natural products or isolated plant chemicals have

synthetic medications, including being easily
accessible, affordable, and having little adverse
effects. The use of medicinal plants for the
treatment of a wide range of diseases has been
documented in numerous research. Carica papaya
Linn, a member of the Caricaceae family, is native
to South America and Central America. It is
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widely grown in India and is used all over the
world for medical purposes. The papaya plant is a
perennial that often grows up to 20 meters tall. It  peel, pulp, and leaves, have numerous documented
has a smooth, unbranched stem and long, stalked  medicinal use worldwide (Table 1).

Table 1: Table 1: Medicinal uses of different part of papaya plant

leaves with five or six lobes. Various parts of the
papaya plant, including the fruit, bark, roots, seeds,

Plant part Medicinal uses
Sinuses, chronic forms of skin indurations in Caribe, Philippines; Chronic skin ulcers in
Ripe fruit Jamaica Stomachic, digestive, diuretic, expectorant, sedative and tonic, bleeding Piles and
dyspepsia in India
. Malaria, hypertension, diabetes mellitus, hypercholesterolemia, jaundice Intestinal
Green fruit RAR
helminthiasis in Nigeria
Latex Dermatitis and psoriasis in Africa, Asia, Europe
Heart tonic, febrifuge, vermifuge, colic, dengue fever, beriberi, abortion, asthma India, Stomach
Leaves . .
troubles, cancer in Australia
Flowers Jaundice, cough, hoarseness, bronchitis, laryngitis, and trachealis in Asia
Seeds Anti-fertility. Antimicrobial, fungicidal, carminative, counter irritant
Roots/barks Digestive, tonic, abortifacient in Australia, sore teeth in India, syphilis in Africa

The papaya plant is a good provider of calcium and
iron and a nutritionally plentiful supply of
vitamins A, B, and C. It contains the digestive
enzyme papain, which is also used to heal ulcers
and certain microbial disorders. At greater doses,
papain is particularly efficient against gram-
negative bacteria. Benzyl isothiocyanate, found in
papaya fruit seed extract, has bacteriostatic,
fungicidal, and bactericidal properties at a single
effective dose of 4-5 g seeds (25-30 mg BIC).
Papaya has high levels of antioxidant activity,
which helps to neutralize the production of free
radicals and stop the pathogenesis. Papain, glycyl
endopeptidase, chymopapain, and caricain are
among the most significant components of latex,
which varies in quantity depending on the part of
the papaya plant. Papaya leaf has been the subject
of numerous scientific studies in recent years to
investigate its potential medical applications.
Papaya leaves have been used as medicine for a
number of illnesses, including asthma, fever,
beriberi, colica, and jaundice. Papaya leaf extract
(PLE) is currently prepared using a variety of
techniques; however, aqueous extract, ethanol
extract, methanol extract, and freeze-dried papaya
leaf juice are most frequently used for disease
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prevention. Papaya leaf can be used as a dietary
supplement because it is high in proteins, fats,
carbs, and vitamins. These substances range in
concentration from 38.6% ascorbic acid, 5.6%
protein, 0.225% phosphoric acid, 8.3% carbs,
0.0064% iron, and 0.035% minerals per 100 g of
leaf part. Aqueous PLE was found to contain
0.001% tannins, 0.022% saponins, 0.013%
flavonoids, 0.011% phenolic, 0.019% alkaloids,
and 0.004% steroids, according to the quantitative
phytochemical examination. Furthermore, PLE
offers a treatment alternative for preventing the
viral disease dengue. Outski and associates have
recently documented the impact of PLE on tumour
cell proliferation and demonstrated elevated
human lymphocyte production of TH1-type
cytokines. According to current reports, papaya
leaf contains a number of active ingredients,
including ascorbic acid, alpha-tocopherol,
chymopapain, cyanogenic glucosides, cystatin,
flavonoids, glycosinolates, and papain, that can
increase blood antioxidant capacity and lower lipid
peroxidation levels. Fig. 1 displayed the structures
of bioactive secondary metabolites obtained from
PLE. There have been numerous reports of
anecdotal references for the treatment of lung
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adenocarcinoma, osteosarcoma, hepatocellular
carcinoma, pancreatic epithelioid carcinoma,
cervical carcinoma, mesothelioma, and breast
cancer. Even a number of studies on the anticancer
qualities of PLE made by Australian aboriginal
people have since been published. Numerous
scientific investigations have been conducted to

p-coumaric acid

identify and evaluate the bioactive components
found in papaya leaves. According to the
photochemical investigation, young leaves have
antibacterial, anti-inflammatory, antiviral,
hypoglycaemic, anticancer, and many other
medicinal qualities because they include alkaloids,
saponins, tannin, flavonoids, and glycosides.
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Figure 1 Carica papaiya leaf derived compounds

The review primarily focuses on the medicinal
qualities of Carica papaya leaf in managing and
preventing the advancement of illness.
Therapeutic application of PLE

Because papaya leaf extract (PLE) is a rich source
of vitamins, minerals, and phytochemicals, it can
be used medicinally to treat a variety of human
ailments. Since ancient times, the implications of
PLE for the management of several disorders have
been chronicled in numerous literary works.
Moreover, the present scientific studies support
the possible significance of leaves in illness
prevention, which is outlined below.

Mechanism of action of papaya leaf in health
management

It is well known that PLE interacts with a wide
variety of molecular targets and has anti-disease
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effects.  The key molecular targets in the
prevention of anticancer include DNA
topoisomerase /1l activity suppression, signal
pathway modifications, downregulation of Bcl-2
and Bcl-XL gene expression, upregulation of Bax,
Bak, cleaved caspase 3, and upregulation of P53
gene expression. Nitric oxide (NO), costimulatory
receptor (CD80), tumour necrosis factor-alpha
(TNF-a), 1L-12p40, IL-6, IL-12p70, IFN-y, and
secretion of IL-2 and IL-4 were all enhanced
during PLE treatment. Moreover, PLE regulates
the release of chemokines CCL7, CCL2, and
CCLS8, as well as pro-inflammatory cytokines such
as IL-1p, IL-6, IL-l1a, and IL-8. According to
reports, CPE therapy helps dengue patients by
activating the expression of the PTAFR and
ALOX 12 genes. The molecular pathways by
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which PLE treats different disorders are depicted
in Figure 2. Moreover, in dengue virus-infected
mice AG129, freeze-dried Carica papaya leaf
reduces the production of inflammatory cytokines
CCL6/MRP-1, CCL17/TARC, CCL12/MCP-5,
CCL8/MCP-2, ILIRN/IL1Ra, IL1IR1,
PF4/CXCL4, and NAMPT/PBEFL. In diabetic
rats, PLE also controls the release of insulin from
B-cells.

Anti-cancer effect of PLE

One of the deadliest diseases, cancer is caused by
the unchecked division of genetically unstable
cells and is one of the leading causes of mortality
globally. Lung cancer is the most common cancer
in men, followed by breast cancer in women,
among the various malignancies that have been
documented in humans, including colon, cervix,
liver, stomach, lung, pancreatic, and breast cancer.
There are currently a variety of cancer therapies
available, depending on the type, stage, and
location of the disease. These treatments include
surgery, chemotherapy, radiotherapy,
immunotherapy, vaccines, and combination
therapy. Chemotherapy is a common treatment for
cancer that has spread widely. Chemotherapeutic
medications, such as vinblastine, doxorubicin,
oxaliplatin, melphalan, carboplatin, cisplatin,
cyclophosphamide, docetaxel, vincristine, and
paclitaxel, among others, have demonstrated
remarkable efficacy against a diverse array of
cancer types and have demonstrated encouraging
outcomes when used either in isolation or in
conjunction with other cancer treatments. These
medications do, however, come with several
drawbacks, such as toxicity, quick elimination,
non-specificity, and low absorption. High
cytotoxicity, neutropenia, sensory neuropathy,
cardiovascular  toxicity,  pulmonary  and
hematologic toxicity, gastrointestinal toxicity,
diarrhoea, and nephrotoxicity are among the side
effects that are commonly associated with these
medications. As a result, experts are increasingly
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concentrating on employing alternative cancer
treatments that have few or no adverse effects.
Plant extracts and the equivalents created from
them are considered the most promising option for
treating cancer without causing any visible side
effects during therapy, according to significant
research findings. Researchers have recently
become interested in various tropical plants,
including papaya, since they have a rich
phytochemical-based medicinal system. Scientists
from all around the world are collaborating to
develop a potential phytochemical-based cancer
treatment with negligible side effects. After eating
aqueous PLE, patients with blood, lung, liver,
pancreatic, and stomach cancers had improved
survival rates in numerous cases, according to a
2008 study by Morimoto et al. This discovery was
subsequently patented by him. The most popular
method used worldwide to make extracts from
different papaya plant sections is cold juicing,
which involves using a mortar and pestle. When
compared to its aqueous and ethanol extracts, this
approach has been evaluated for its ability to
release bioactive chemicals that have substantial
cytotoxic effects on cancer cells. When applied in
vitro, the extract obtained using this method
exhibits a strong anticancer impact against benign,
malignant, and normal cells originating from the
prostate; however, an oral dose may not yield the
same result in an animal. Research has
demonstrated that in vitro-digested PLE
maintained its anti-proliferative response, albeit
with less strength and efficacy than crude PLE, by
navigating important pathways that are
responsible for physiochemical alterations during
human digestion. Table 2 summarizes the many
cancer cell types that PLE has been tested against
in vitro to determine its anticancer efficacy.
Additionally, PLE demonstrated a possible
anticancer effect by reducing the proliferation of
prostate cancer cells, but with little effects on
normal cells, perhaps through death and cell cycle
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arrest. There have been reports that the anticancer
impact of PLE is attributed to the activation of the
p53-dependent  mitochondrial pathway and
caspase-3/7. However, another study shown that
PLE's antitumor activity is mediated by the arrest

of PCa cells in the S phase, which is followed by
cell death.

P33, Bax, PARP, cleaved caspase- 3 ik
Bel2, MMP2/9 |,

Anticancer

N

I Immunomodulatory ]

J

Anti-tumor immunity : 1L-12p40, IL-12p70, [FN-y, TNF-a 4
Pro -inflammatory cytokines IL-la, IL-1p, IL-6 a, IL-S\L

Figure 2 Molecular mechanisms of action of underlying therapeutic properties of papaya leaf

Furthermore, by lowering extracellular matrix
(ECM), which serves as a chemo-attractant for PC-
3 cell adhesion and migration, PLE has been
demonstrated to reduce features of metastatic
cancer, such as adhesion, migration, and invasion.
To investigate the anti-metastatic potential of PLE
and its compound(s) against various malignancies,
however, more research is needed. An in vivo
acute toxicity investigation discovered that rats
given PLE orally at various doses ranging from 5

to 2000 mg/kg body weight (BW) did not exhibit
any discernible adverse effects. Furthermore, rats
did not experience any adverse effects after
consuming PLE at a dose of 2 g/kg BW for 13
weeks. In comparison to the control group of
C57BL/6 male mice, we have observed that oral
administration of PLE (0.25%, 0.5%, and 1% v/v)
in drinking water has not significantly changed
BW, water consumption, or food intake.

Table 2: In vitro anticancer effect of papaya leaf extract

ug/ml)

Papaya leaf (Dose) Cell line Mechanism of action Reference
Papaya leaf extract in water inhibited the
Cells from human expression of cell cycle regulatory
Aqueous (5,10,25 prostate cancer (LNCaP, molecules CDK 4, cyclin D1, cyclin B1,
a ( DU145, PC3) PCNA, and caspase-3, as well as cleaved [44]

Poly (ADP-ribose) polymerase (PARP),
causing apoptosis.
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ﬁenlgn tumor (BPHL), The obtained data demonstrate a
uman prostate cancer . o
_ cells (PC-3 & LNCaP), conS|derabIe_reduct|on inS p_hase cell
Juice (0.01-1 mg/mL) o cycle arrest, triggered apoptosis, and cell [42]
and prostate epithelial roliferation in prostate cancer cells
cells (RWPE 1) P P '
The following cancer
cells are identified as
stom?_c h (C':AGS)_' 1 Papaya leaf extract slowed DNA
Aqueous (1.25-27 plancreSthl:D(lapan ) production and markedly reduced the [39]
mg/mL) colon (DLD-1), ovarian | 1\ oher of cancer cells in each sample.
(Dov-13), lymphoma
(Karpas), and breast
(MCF-7) cancers.
Human peripheral blood
mononuclear cells
(PBMC), T-cell lines
(Jurkat, Molt-4, CCRF-
CEM, and HPB-ALL),
lymphoma cell lines
from Burkitt's disease slowed the proliferation of tumor cell
(Ramos and Raji), lines. Papaya extract inhibited the
leukemia cell line K562, | production of IL-2 and IL-4 and raised the
Aqueous (0.625-20 cervical carcinoma cell production of cytokines L-12p40, IL-
mg/mL) line Hela, hepatocellular 12p70, IFN-y, and TNF-a in human [19]
carcinoma cell lines peripheral blood mononuclear cells.
HepG2 and Huh-7, lung
adenocarcinoma cell line
PC14, pancreatic
epithelioid carcinoma
cell line Panc-1, and
mesothelioma cell lines
H2452, H226, MESO-4)

Immunomodulatory effect of PLE

The results of experiments evaluating the various
parts of the papaya plant indicate that it has great
medicinal value and is helpful in treating a wide
range of pathological illnesses, such as cancer,
dengue fever, cardiovascular diseases, and wound
healing. Strong immunomodulatory, anticancer,
and anti-inflammatory effects of PLE on various
cancer cell lines have been documented recently.
However, there arent many reports on
mononuclear cells in peripheral blood (PBMC). A
2010 study demonstrated the immunomodulatory
potential of PLE and assessed the cytokine profile
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of human peripheral blood mononuclear cells
using ELISA. The study found that PLE dose-
dependently downregulates the secretion of IL-4
and IL-2 in culture supernatants, raising the
possibility that PLE may also cause apoptosis in
PBMC, akin to its effect on cancer cells. Though
there was only a minor impact on the production
of IL-15, IL-6, IL-5, and IL-10, the secretion of
Thl type cytokines relevant to anti-tumour
immunity, such as IL-12p70, 1L-12p40, TNF-a, or
IFN-y, was surprisingly elevated at a low dose of
PLE. The results of this study indicate that there
may be a strong relationship between increased
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Thl type cytokine secretion and increased
cytotoxicity, as IFN-y, TNF-a, and IL-12 have the
ability to activate cell-mediated cytotoxicity,
which in turn may lead to increased anti-tumour
immunity. By inducing a shift in the immune
response from Th2 to Thl type, it further increases
the likelihood that PLE may aid in the treatment of
Th2-mediated allergic conditions such as
bronchial asthma and allergic rhinitis, or function
as an adjuvant for different vaccinations. The
function of the bioactive components found in
PLE extracted using polar solvents, primarily
alcohol and water, in modifying immune-
inflammatory indicators has been highlighted by a
number of in vitro studies. Bertrand et al. (2014)
demonstrated that the bacterial endotoxin
lipopolysaccharide (LPS) stimulates innate
immunity by influencing the production of many
inflammatory mediators in
monocytes/macrophages, including IL-6, IL-1B,
IFN-y, and TNF-a. The pathophysiology of
inflammation is significantly influenced by the
pro-inflammatory cytokines IL-6, IL-1p, and IFN-
Yy, which are released by monocytes or
macrophages and are stimulated by TNF-o. This
discovery inspired the researchers to identify the
substance that may inhibit TNF-a production in
the context of persistent inflammation. Bertrand et
al. (2014) demonstrated that an ethanolic PLE
markedly reduced the release of TNF-a in LPS-
induced dendritic cells when isopentenyl
pyrophosphate (IPP) was applied. Furthermore, it
was observed that in LPS-stimulated human
PBMCs, papaya leaf methanol extract reduced the
secretion of pro-inflammatory IL-6, IL-1pB, IL1a,
TNF-0, and TL-8 by 42.9%, 27.4%, 12.5%, 10.8%,
and 8.4%, respectively. Furthermore, methanolic
PLE was shown to reduce nitric oxide (NO)
release in IFN-y or LPS-activated murine
macrophage cells (RAW 264.7 cell line) in 2011.
An investigation revealed that in rats exposed with
acrylamide, an aqueous extract of unripe papaya

fruit  markedly increased the levels of
immunoglobulin 1gG and IgM and modulated the
levels of catalase, glutathione, superoxide
dismutase, and malondialdehyde. All of the in
vitro research presented here collectively suggests
that papaya extracts may be able to change how
inflammatory markers are expressed in a variety of
stressed cell types. Since papaya extracts' polar
solvent has been used in numerous in vitro
experiments, more research is necessary to
determine whether nonpolar extracts have anti-
inflammatory properties. To comprehend the
biological effects and possible applications of
plant extracts for their pre-clinical importance,
animal studies are necessary. When papaya is
consumed in the form of fruit, peel, or leaf, Table
3 shows how it affects antioxidant enzymes,
platelets, and inflammatory markers in both
humans and animals. Additional in vivo research
on humans and animals has also supported the
anti-inflammatory ~ and  platelet-stimulating
properties of PLE. Although there aren't many in
vitro studies that have examined the
immunomodulatory properties and processes of
papaya fruit, the fruit has been the subject of
several animal trials.

Anti-dengue effect of PLE

Dengue is a dangerous illness that strikes
individuals all over the world; there are thought to
be between 50 and 100 million cases annually. The
dengue virus (DENV) 1-4, which is a member of
the Flaviviridae family, is the cause of dengue and
is spread via the bite of an Aedesaegypti mosquito.
Four to seven days after the dengue virus
incubates, the disease's symptoms—which include
a high fever, rash, headache, vomiting, and muscle
soreness—appear. One of the primary symptoms
of dengue is thrombocytopenia, which is a
decrease in platelet count that is used to diagnose
dengue patients. According to the World Health
Organization (WHO), thrombocytopenia is
defined as a significant decline in platelet count,
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which is verified by a platelet count of less than
150,000 per microliter of blood. There isn't yet a
vaccination or antiviral medication available to
treat dengue fever. Only patients who require
blood, blood components, and fluids for
maintenance therapy or illness prevention are
given supportive treatment. A vaccine to prevent
dengue is on the horizon thanks to multiple
ongoing clinical trials. As an alternative, further
solutions must be investigated in order to combat
the dengue nemesis. Numerous research projects
have been undertaken to investigate the potential
of herbal medicine as a complementary treatment
for dengue complications. Numerous research has
looked into the potential use of PLE in the
treatment of dengue-related thrombocytopenia.

These investigations showed that using papaya
leaf extract to treat dengue patients considerably
raises their platelet counts, which are normally
lowered. Five dengue patients' platelet counts
increased within twenty-four hours of receiving
PLE medication, according to a research. Papaya
leaf syrup was found to increase the mean platelet
count in 285 patients as compared to control
participants in a similar randomized controlled
research. Comparable outcomes were noted in a
Malaysian research including 228 participants.
According to studies, the primary causes of
bleeding in dengue patients are linked to a drop in
platelet count, which is accompanied by an
increase in plasma leakage and vascular
permeability.

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

Oral route of
Leaf extract | administration Results References
(dose)
In the liver of infected AG129 mice, there was a significant
downregulation of eight inflammatory cytokine genes:
. CL6/MRP-1, CCL8/MCP-2, CCL12/MCP-5
J 1000 mg/kg BW ’ : : 30
uice My’ CCL17/TARC, IL1R1, ILIRN/IL1Ra, NAMPT/PBEF1, [30]
and PF4/CXCLA4.
After 21 days, the mice's platelet and red blood cell counts
Juice 02ml, 7d grew dramatically (5.53X105/ml to 11.3 ><_105/m|) and (6 x 62
106/ml to 9 x 105/ml), respectively. [62]
_ 25 ml twice markedly elevated PMN, RBC, WBC, and platelets in a
Juice dail),/, 5 male dengue patient. [63]
_ ) The genes PTAFR (FC = 13.42) and ALOX 12 (FC =
Juice 50 g, daily, 3d | 15.00) were both substantially expressed in the juice group. [65]
When compared to controls, a high dose of mature leaf
o concentrate of C papaya boosted platelets by 76.5%, WBC
Juice 0.72 ml/100 g by 30.51%, and RBCs by 9.08% in thrombocytopenic rats [66]
(P <0.05).

It has been documented that the membrane-
stabilizing abilities of PLE shield blood cells from
damage brought on by stress. Patients with dengue
can avoid platelet lysis by engaging in such
activities. In dengue virus-infected mice AG129,
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freeze-dried Carica papaya leaf juice has also been
shown to drastically reduce the production of
inflammatory cytokines, such as CCL12/MCP-5,
CCL8/MCP-2, CCL17/TARC, CCL6/MRP-1,
ILIRN/IL1IRa, IL1R1, PF4/CXCL4, and
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NAMPT/PBEF1. It has been demonstrated that
PLE causes an elevation of IFN-o expression in
THP-1 cells and a decrease in the expression of
DENV NS1 envelop protein. These findings are
encouraging and indicate that in order to
standardize the use of PLE for the prevention and
treatment of dengue infection, comprehensive
studies using animal models and clinical trials are
required.

Hypoglycaemic effect of PLE

A set of metabolic disorders characterized by
hyperglycaemia and a failure in insulin synthesis
are called diabetes mellitus.

Diabetes is becoming more common as a result of
a number of reasons, including poor diets, age,
obesity, sedentary lifestyles, and causes linked to
malnutrition. In 2017, 1.3% of people worldwide
were expected to have diabetes, according to the
American Diabetes Association. Because there are
more and more people with diabetes in India, the
country is regarded as the global centre for
diabetes. By 2025, there will be 69.9 million
individuals with diabetes worldwide, according to
the International Diabetes Federation, which
projected 40.9 million currently living with the
disease. Many studies demonstrate the potent
antidiabetic qualities of medicinal herbs, such as
psyllium seeds, garlic, and bitter melon.

Papaya leaf has anti-hyperglycaemic and
hypolipidemic  properties in diabetic rats,
according to a study. In a similar vein, the aqueous
PLE increases the amount of insulin that the
remaining  B-cells produce. The plasma
concentrations of triacylglycerol and glucose were
significantly reduced to 1.5 and 0.75 g/100 mL,
respectively, upon the administration of the PLE
[31]. Moreover, research indicates that fermented
papaya improves the lipid profile and lowers basal
and postprandial glycaemia. Moreover, to
investigate the antidiabetic effect and molecular
alterations brought on by PLE, mechanistic

investigation and clinical studies are needed.
Sickle cell anaemia and PLE

A genetic condition that alters red blood cells'
(RBCs') size and shape is sickle cell anaemia. The
shape of normal red blood cells is changed to a
sickle shape by a mutation in haemoglobin that
results in the substitution of valine for glutamic
acid at the sixth position in the beta-globin chain,
according to molecular research. An essential
component of oxygen delivery is haemoglobin.
The three main signs of sickle cell disease are
headaches, anaemia, and blood vessel obstruction.
The prevalence of sickle cell disease has been
steadily rising in developing nations. According to
a 2012 WHO report, Nigerians account for a major
portion of sickle cell disease cases worldwide.
According to a study, pre-treating SS cell
suspensions with PLE inhibited the growth of
sickle cells in extreme hypoxia, resulting in 0-2%
sickle cells compared to 60% sickle cells in
untreated SS cell suspensions. In a different
comparative study, the aqueous crude extract
fraction at different treatment concentrations (1, 3,
5-10 mg/ml) reduced the formation of sickle cells;
the highest concentration demonstrated a
significant ant sickling property when compared to
the crude methanol extract and the HbSS—sodium
met bisulphite control. While 80% of the SS cells
exhibit a sickle form, the extract concentrations of
5 and 10 mg/ml preserved the discoidal shape of
the cells. Human crescent RBCs' osmotic fragility
and level of haemoglobin polymerization were
both reduced by the PLE. Additionally, studies on
PLE revealed the presence of minerals like K, Mg,
Ca, Fe, Mn, and Na, as well as amino acids like
cysteine, glycine, and glutamic acid that shield the
RBC membrane from lysis and destruction. It is
not possible to investigate the mechanism of PLE
for sickle cell disease prevention further.
Antibacterial activity of PLE

Few investigations have demonstrated the
bactericidal efficacy of papaya leaf extracts from
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Carica. According to a study by Suresh et al., the
Carica papaya leaf extract has the strongest
antibacterial properties out of five plant extracts.
Gram-positive bacteria (Pseudomonas aeruginosa,
Bacillus subtilis, and Staphylococcus aureus) were
tested, and PLE significantly decreased their
growth. Gram-negative bacteria (Klebsiella
pneumonia and Escherichia coli) were less
affected by PLE. Plant extract inhibitor substances
cannot enter gram-negative bacteria's cells due to
their thick murrain layer in the outer membrane.
Another study found that papaya leaves extracted
in hot water, ethanol, methanol, ethyl acetate,
acetone, or chloroform had excellent antibacterial
properties  against  Staphylococcus  aureus,
Micrococcus luteus, Escherichia coli,
Pseudomonas aeruginosa, and Bacillus cereus.
Furthermore, a methanolic extract of PLE
demonstrated antibacterial efficacy against
Staphylococcus aureus, Escherichia coli, and
Candida albicans. These seem to be preliminary
findings that call for additional research on the
molecular changes linked to its antibacterial
activity.

Gastro-protective effect of PLE

A widespread gastrointestinal ailment affecting a
significant portion of the global population are
ulcers. Numerous risk factors, including non-
steroidal anti-inflammatory medicines (NSAIDs),
alcohol, stress, smoking, dietary deficiencies, and
infections (Helicobacter pylori), may be linked to
this condition. Odo and associates. Examined the
potential of papaya leaf ethanoic extract in treating
rats' experimentally-induced stomach ulcers. The
results demonstrated that in rats with stomach
ulcers caused by aspirin, there were significant (P
< 0.05) reductions in ulcer index and gastric juice
volume, as well as a rise in the pH of gastric juice.
Its agueous leaf extract was also found to lower the
stomach ulcer index in the alcohol-induced rat
model. Overall, research is needed to gain a more
comprehensive understanding of the potential use

of the PLE as a therapeutic agent for the treatment
of stomach ulcers.
CONCLUSIONS
PERSPECTIVES
The therapeutic medicinal potential of papaya leaf
for a variety of ailments was summarized in this
review overall. Studies like the ones mentioned
above have shown that papaya leaves contain
bioactive phytochemicals that may help prevent
and treat certain ailments. Given the current
conditions, phytomolecules are anticipated to
completely transform cancer prevention and
therapy within the next ten years, offering a viable
and potent substitute for pharmaceuticals.
Thorough in vitro or in vivo research is necessary
to assess the potential therapeutic uses of these
phytochemicals before moving on to the clinic.
Despite the encouraging results from several
biochemical, cell culture, animal, and human
investigations, more comprehensive research and
clinical trials are required to fully understand the
potential role of papaya in the treatment of a range
of human disorders.
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