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ABSTRACT

Dengue fever is a viral disease transmitted by mosquitoes that results in an acute drop in platelet count, usually resulting in severe
complications. In recent years, Carica papaya leaf extract has been employed as a folk remedy against thrombocytopenia (platelet loss).
The present review highlights the phytochemical composition, therapeutic potential, mode of action, clinical data, uses, safety, and future
directions of papaya leaf extract as a natural platelet stimulant, particularly in dengue fever.

1. INTRODUCTION

Dengue fever has become one of the most fast-spreading vector-borne diseases globally, particularly in subtropical and tropical areas.
Itis an infection caused by the dengue virus (DENV) with four serotypes (DENV-1 to DENV-4), which is primarily spread by the Aedes
aegypti mosquito. Thrombocytopenia—a precipitous drop in the platelet count in the blood—is one of the central clinical symptoms of
dengue, leading to hemorrhagic complications, shock, and death. As no antiviral treatment is proven, present-day treatment of dengue
is mostly supportive in nature, taking care of symptoms and fluid maintenance. Traditional medicine has tried other herbal treatments
over the years to contribute to recovery as well as platelet increase. Of these, papaya (Carica papaya) leaf extract has been promising.
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2. OVERVIEW OF CARICA PAPAYA
Carica papaya, or papaya, is a tropical tree from Central America, widely cultivated in India, Southeast Asia, and Africa. The plant is
used in folk medicine as a whole, but the leaf extract has been of particular interest to science due to its potential hematological impacts.
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2.1 Botanical Description
e Family: Caricaceae
Genus: Carica
Species: Carica papaya L.
Common Names:
Papaya (English), Pawpaw (Australia), Papita (Hindi), Omakaya (Malayalam), Boppayi (Telugu)

Plant Description

Carica papaya is a herbaceous, tree-like fast-growing plant but in a technical sense a giant herb. It grows to a height of 10-12 feet with
no woody tissue in its soft and hollow stem. The huge, palmately lobed leaves are spiral at the apex of the trunk. Male and female
flowers are both present on the plant, and the fruit is huge, fleshy, and melon-shaped.

Part Used for Medicinal Purpose:
Leaves — fresh and dry leaves are commonly used in herbal remedies. An extract is commonly made by crushing or juicing leaves and
drinking the liquid after filtering.

Active Constituents found in Papaya Leaves

Papaya leaves contain a wealth of bioactive constituents including:

* Alkaloids (e.g., carpaine)

* Flavonoids (e.g., quercetin, kaempferol)

* Glycosides

* Tannins

* Saponins

e Vitamins A, C, and E

* Minerals like calcium, magnesium, and potassium

These compounds have been proven to be responsible for its platelet-stimulating, antiviral, and immunomodulatory activities.
Traditional and Modern Uses:

Papaya leaves have been employed traditionally in conventional folk medicine in tropical nations in treating:
* Dengue fever

* Malaria

* Gastrointestinal disorders

* Menstrual cramps

« Skin diseases
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3. PHYTOCHEMICAL COMPOSITION OF PAPAYA LEAF
Papaya leaves have been documented to be a good source of bioactive phytochemicals responsible for its medicinal value. Key
constituents are:
e Flavonoids: Quercetin, kaempferol
Alkaloids: Carpaine
Glycosides
Phenolic acids
Saponins
Tannins
Papain and chymopapain (proteolytic enzymes)
Vitamins: A, C, E, and B-complex
e Minerals: Iron, calcium, magnesium, and potassium
These compounds show antioxidant, anti-inflammatory, antimicrobial, and immunomodulatory activities, which are thought to be
responsible for the increased platelet production.

Composition of Natural Components in Papaya Leaf Extract

Phenolic Compounds

Others

Glycosides

Flavonoids

Alkaloids

4. MECHANISM OF ACTION: HOW PAPAYA LEAF RAISES PLATELET COUNT .

The therapeutic potential of Carica papaya leaf extract as a therapy for thrombocytopenia, especially viral infections such as dengue,
has some proposed mechanisms. These hypothesized mechanisms are substantiated by preclinical evidence, in vitro, and small-scale
human studies.
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4.1 Stimulation of Megakaryopoiesis

Flavonoids and alkaloids, such as carpaine and quercetin, of papaya leaves were also found to induce megakaryopoiesis—the
development of megakaryocytes in the bone marrow. Megakaryocytes are huge bone marrow cells tasked with the job of creating
platelets (thrombocytes). Through stimulation of megakaryocyte growth and proliferation, papaya leaf extract is capable of speeding up
platelet generation as an antidote to thrombocytopenia due to dengue infection.
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Papaya Leaf Extract

Stimulation of Megakaryopoiesis

Flavonoids and alkaloids in papaya leaves may stimulate
the bone marrow to produce megakaryocytes,
the precursor cells of platelels

Reduction of Oxidative Stress

Antioxidants present in the extract protect platelets from
oxidative stress-induced destruction during viral infections

Membrane Stabilization

Increased Platelet Production and Survival

4.2 Prevention of Platelet Destruction

During dengue viral infections, heightened oxidative stress may result in the destruction of platelets. Papaya leaves are rich in powerful
antioxidants like vitamin C, flavonoids, and phenolics that capture reactive oxygen species (ROS). This antioxidant protective effect
lessens oxidative damage to the platelets and prevents their premature lysis, so they remain functional in circulating blood.

4.3 Membrane Stabilization

The second crucial function of platelet preservation is membrane stabilization in platelets. Bioactive papaya leaf extract constituents can
integrate into the phospholipid bilayer of the platelet membrane to fortify their structural integrity. This effect preserves the integrity of
the platelets by preventing rupture, enhances their functional applicability, and even extends their circulatory lifespan, which is essential
for a disease such as dengue where platelet utilization is deranged.

4.4 Augmentation of the Arachidonic Acid Pathway

Certain pharmacologic studies indicate that papaya leaf extract can exert a beneficial effect on the arachidonic acid metabolic pathway,
a key player in platelet function and aggregation. Through the modulation of cyclooxygenase (COX) activity and the stimulation of
thromboxane A2 synthesis, the extract can augment platelet aggregation and the percentage of functionally active circulating platelets.
Not only does this increase platelet count but can also correct hemostasis in bleeding tendency patients.
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5. PRECLINICAL AND CLINICAL EVIDENCE

The clinical effectiveness of Carica papaya leaf extract against thrombocytopenia, especially in dengue hemorrhagic fever, has been
explored using preclinical animal models as well as human clinical studies. Although encouraging preliminary findings are reported,
more rigorous and larger-scale studies continue to be necessary for standardization and confirmation.

5.1 Animal Studies

Preclinical animal model studies have proven the potential use of papaya leaf extract in the stimulation of hematopoiesis and platelet
generation. In a key study using Wistar rats, oral administration of papaya leaf extract led to an elevation in the count of platelets
following 72 hours compared to the control group. It is anticipated that the extract can be acting by stimulating the function of the bone
marrow and stimulating megakaryocyte proliferation.

Toxicity assays in animal models exhibited a wide margin of safety for papaya leaf extract. Acute signs of toxicity, histopathological,
and behavioral changes were not seen when administered orally in doses up to 2000 mg/kg body weight. The results show it to be safe
for therapeutic use with virtually no risk.

5.2 Human Clinical Trials

A few small clinical trials in dengue-endemic nations like India, Malaysia, and Sri Lanka have examined the efficacy of papaya leaf
extract in humans.

» Ahmad et al. (2011): In an observational study, fresh papaya leaf juice was given to patients with dengue with 25 mL twice a day.
There was quick recovery in the platelet count within 48 hours of administering the medicine, and majority of the patients improved
prior to the expected time.

* Subenthiran et al. (2013): A randomized controlled trial (RCT) in Malaysia assessed the clinical efficacy of papaya leaf extract in
hospitalized dengue patients. The intervention arm showed a statistically significant rise in platelets and reduction in hospital stay
compared with the placebo arm, validating the clinical use of the extract.

* Senthilvel et al. (2015): This paper emphasized the immunomodulatory activity of the extract, such as IL-6 and TNF-o pro-
inflammatory cytokine modulation, and that its activity could be maximized beyond the increase in platelet count to immune response
modulation during dengue infection.
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While such encouraging reports are to be welcomed, sample sizes in the majority have remained small and there is still a paucity of
standardization regarding form (capsule vs. juice), dose, and duration of administration of papaya leaf extract. Secondly, multi-centric,
large, heterogeneous populations randomized controlled trials are needed to irrevocably set its efficacy and safety

6. HERBAL MEDICINE APPLICATIONS

Mature leaf papaya extract is well established in traditional herbal medicine and has become synonymous with its renowned capacity to
stimulate platelet production. Juice preparations are available to cater for a variety of patient need and desire. Formulations are optimized
for bioavailability, palatability, and enhancement of therapeutic activity.

6.1 Juice Form

Fresh juice of young green papaya leaf is one of the ancient and oldest traditional treatments. The remedy retains all phytochemicals in
their full spectrum, such as flavonoids, alkaloids, and antioxidants. It is given in a dose of 10—30 mL two or three times a day, particularly
during the acute stages of dengue fever. The patients are generally advised to take it without any food for improved assimilation. But
the bad taste and limited shelf-life are drawbacks.

6.2 Capsules and Tablets

With development in phytopharmaceuticals, papaya leaf extract now is standardized and encapsulated or compressed in the form of
tablets. They are also available as dietary supplements and are used owing to ease of dosing, improved masking of flavor, and dosing
control. Standardization ensures the same content of active constituents such as carpaine and flavonoids, and there is an improvement
in reproducibility of therapeutic action. They are especially useful in the out-patient department and for long-term preventive therapy.

6.3 Syrup

Syrup preparations are tailored for pediatric and geriatric patients when swallowing a tablet or handling fresh leaf juice may be
inconvenient. Syrups are flavored and can be enriched by supplemented vitamins (e.g., vitamin C, B-complex) and minerals (e.g., iron,
zinc) to enable overall recovery. The drug preparations are increasingly favored by hospitals and clinics because of the ease of
titratability.

6.4 Herbal Teas and Decoctions

Dehydrated papaya leaves are ingested as decoctions or herbal teas in Southeast Asia and some areas in Africa. Preparation is taken for
its detoxifying and immune-stimulant properties as a daily tonic. Less active than concentrates in the form of juices or extracts, it acts
as a weak preventive agent against infection as well as a general tonic for health.

7. SAFETY AND TOXICITY PROFILE
The extract of papaya leaf is considered safe to use for short-term periods when utilized in standard doses. Like all herbal remedies,
though, it is not entirely side effect- and precautionary measure-free.

7.1 Side Effects Reported

« A few will experience minor undesirable effects, including:

« Gastrointestinal disturbance: including nausea, bloating, or slight stomach discomfort.

« Bitter taste: that could result in unpleasant palatability in certain items.

* Allergic reactions: e.g., skin rash, itchiness, or respiratory distress in hypersensitive individuals to papaya or latex.

7.2 Contraindications

* Papaya leaf extract use should be avoided or used with caution in the following groups:

* Pregnant and breastfeeding women: owing to uterine contractions potential and lacking safety information.

* Patients taking anticoagulant or blood-thinning drugs: owing to the mild blood-thinning effect of the extract, with risk of causing
bleeding.

* Individuals with established allergies to papaya or related plants: should steer clear of its application at all costs to prevent any kind of
allergic reactions.
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7.3 Toxicity

Animal acute toxicity studies show that papaya leaf extract is broad-spectrum concerning safety and non-toxic at therapeutic dosages.
Not much well-established long-term safety exists, however. Its prolonged administration or intake in excess doses should be prevented
with the exception of clinical prescription and guidance by a qualified healthcare provider.

8. ADVANTAGES OVER CONVENTIONAL THERAPY

Papaya leaf extract is very beneficial and thus a suitable complementary treatment for dengue-induced thrombocytopenia:

* Plant Source: Being from plant source, it is more appealing to people who desire herbal or alternative medicine.

 Low Cost: As against hospital-based care or medications, papaya leaf treatments are cheaper and more accessible, particularly in the
tropics and in developing nations.

* Affordable Affordability: Papaya plants are easily cultivable and thus the leaves as well, which can be readily accessed in dengue-
endemic areas.

* Low Side Effects: When used properly, side effects are usually minimal and simple to manage.

» No Drug Resistance: Since it is not a synthetic antiviral, there is no chance of resistance, as in certain pharmaceutical medications.
Note: Although papaya leaf extract has favorable results, it is not a replacement for conventional medical treatment. It can be
given as an adjuvant therapy to control platelet count and enhance healing at a faster rate in dengue patients who are under
close medical observation.

9. LIMITATIONS AND CHALLENGES

Although the medicinal value of papaya leaf extract is great, it is confronted with a few limitations:

 Non-standardization: There is enormous non-uniformity in preparation technique, dose, and concentration of the extract, resulting in
poor efficacy and safety.

* Limited Scientific Evidence: Although some anecdotal evidence and small-scale clinical trials demonstrate benefit, there is not much
large-scale randomized controlled trial evidence to establish these benefits.

» Regulatory Control: Herbal supplements are regulated much less than pharmaceutical drugs in the majority of countries, meaning
purity, strength of dosage, and contamination are brought into question.

« Potential Drug Interactions: Not a great deal has been researched on the capability of papaya leaf extract to interact with other drugs,
which can be a possible risk factor, particularly for individuals with comorbid conditions.

Large-scale studies must be carried out and the practices of safe and effective usage of papaya leaf extract in clinical care should
be standardized.

10. RESEARCH GAPS AND FUTURE DIRECTIONS
Despite preliminary studies and traditional usage suggesting papaya leaf extract to be therapeutically useful in managing dengue-induced
thrombocytopenia, several important research gaps must be filled to determine its place in current medicine.

Requirement for Multi-Center, Double-Blind Randomized Trials
Present evidence is observational or small groups. Efficacy and replicability in other populations require evidence from well-designed
multicenter clinical trials with adequate control groups.

Standardization of Extract Preparation
Inadequate methods of standardized extraction, dosage, and phytochemical content establish inconsistency in findings. Establishing
guidelines for uniform preparation of papaya leaf extract will provide consistency, safety, and therapeutic effectiveness.

Long-Term Safety and Pharmacokinetic Studies
Even though tests for acute toxicity are safe at doses used therapeutically, long-term safety data are limited, particularly with chronic
use. Pharmacokinetic profiling (absorption, metabolism, distribution, and excretion) would be required to determine its fate in the body.

Mechanistic Studies at Cellular and Molecular Levels

The precise biological mechanism by which papaya leaf extract triggers platelet production yet to be explained. Gene expression,
cytokine modulation, and molecular bone marrow function studies can provide scientific validation for its use.
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Synthesis of Combination Herbal Products
Synergistic blends of papaya leaf with other herbs can be explored in further research to achieve optimal therapeutic benefits with fewer
possible side effects.

11. TRADITIONAL AND ETHNOMEDICINAL USE

Papaya leaf has been used for thousands of years in global traditional systems of medicine, and the history of its use provides a rich
basis for its contemporary therapeutic study.

» Ayurveda

Papaya leaves are used in Ayurvedic therapy for the treatment of many diseases like skin diseases, abnormal menstrual flow, and gastro-
intestinal disorders. Papaya leaf bitterness is said to stimulate the digestive fire (Agni) and in improving metabolism as per Ayurvedic
concepts.

» Unani System

Unani tradition categorizes papaya leaves as a general cleanser and blood purifier. It is used traditionally to cure fevers and inflammatory
diseases.

* Folk Medicine

Raw papaya leaf juice is taken traditionally by most Southeast Asian cultures to cure dengue, malaria, and typhoid. Its efficacy in raising
platelet counts has made it a home remedy during dengue fever epidemics.

* African Traditional Medicine

In African nations, papaya leaf is treated as a drug for infections, anemia, and gastric problems. Papaya leaf is reputed to maintain the
health of blood as well as boost immunity.

These vertically transmitted ethnomedicinal uses provide the initial background of scientific research and initiate further
pharmacological studies.

12. GLOBAL OUTLOOK AND MARKET TRENDS

Growing health consciousness worldwide and the need for alternatives that are natural have driven the growing commercialization of
such herbal supplements like papaya leaf extract.

Growing Need for Natural Immunity Boosters

The international market is moving towards herbals because of concern about side effects of chemically produced drugs as well as
antibiotic resistance. Papaya leaf extract is a good fit in this vein because it is natural and has traditional authenticity.

Geographical Availability and Market Penetration
Papaya leaf extracts as supplements are very much in vogue these days in India, Malaysia, the Philippines, the USA, and Australia. They
are sold in different forms of capsules, syrups, tablets, teas, and functional foods to increase platelets and build immunity.

+ Regulatory Oversight

= Although they are extremely popular among consumers, they are questioned by the regulating authorities. For instance:

» FDA (U.S.): Regulates herbal supplements as food products and does not test them for medical effectiveness unless they

are submitted as a drug.

» AYUSH (India): Issues guidelines for traditional medicine but also focuses on scientific proof of efficacy and safety.
For the safety of the consumers and authenticity of the product, the regulatory agencies are focusing more on detailed standards
and evaluation parameters.

12.1 Patent and Commercial Products Overview

The growing recognition of papaya leaf extract in managing thrombocytopenia has encouraged pharmaceutical and nutraceutical
industries to commercialize the extract in various dosage forms. Multiple companies have launched products such as Caripill® (Micro
Labs, India), which is a standardized papaya leaf extract tablet widely used during dengue outbreaks. These products claim to promote
platelet count recovery, although varying scientific validation exists.

In addition, several patents have been filed globally covering formulations, extraction techniques, and combinations involving Carica
papaya leaf extract. Notable examples include:

Patent No. W0O2011148342A2: Papaya leaf extract compositions for treating viral infections and methods of preparation.
IN2011CHO02788A: Herbal composition comprising Carica papaya for thrombocytopenia.

US Patent US20130273118A1: Methods for increasing blood platelet counts using papaya leaf extract.
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These patents reflect ongoing research in optimizing bioavailability, stability, and synergistic blends with other botanicals. The
increased commercial interest also calls for standardization and regulatory oversight to ensure quality and efficacy of marketed
formulations.

13. CONCLUSION

Papaya leaf extract is now a potential herbal therapy for the treatment of thrombocytopenia in dengue fever due to its platelet-
aggregation-stimulating activity, inexpensiveness, and accessibility. Traditional lore stirred today's curiosity through Ayurveda and
traditional folk medical systems.

Its virtues — natural origin, low price, few side effects, and ready availability — qualify it as an appropriate adjunct therapy, especially
in Third World and dengue-endemic areas. Its frailties must be respected, nonetheless, and it must not be confused with evidence-based
medicine.

In order to integrate papaya leaf extract into conventional medicine in full, a multi-disciplinary effort that includes pharmacology,
clinical medicine, traditional knowledge, and regulatory science must be pursued. Large-scale clinical trials, standardization, and long-
term safety will decide its place in integrative and evidence-based practice.

By ongoing research, Carica papaya leaf extract can become a major source of the world's battle against dengue and other platelet-
deficient diseases.
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