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Dengue, an Aedes mosquito-borne viral infection, has become a public health risk that demands the world’s focus,

especially in tropical countries. Despite of the life-threatening complication, there are still no specific antiviral

medications for dengue infection. This situation highlight the research need in identifying potent compounds with

promising anti-dengue activities. Therefore, a scoping review was conducted to gather and highlight the available

scientific evidence for the use of C. papaya leaf, particularly using juice form, as a complementary method in

treating dengue infection.

Carica papaya  papaya  leaf  juice  dengue

1. Introduction

The use of medicinal plants in disease prevention and treatment has been around for many generations worldwide

and some of them have been scientifically proven. Various medicinal plants, especially those with antiviral activity

have drawn interest from researchers to formulate new medicinal drugs for infectious diseases around the world .

Like other plants, Carica papaya L. has a high content of phytochemicals that not only have beneficial food

nutritional values but also medicinal potential. Its leaves contain alkaloids , flavonoids , phenolic

acids , saponin , amino acids , organic acids , vitamins , minerals , carbohydrates  and

carotenoids . Traditionally, this plant is used to lower blood pressure and blood sugar levels by ingesting boiled

young leaves . Infusion or decoction of the leaves taken orally not only regulate blood pressure but can also

treat overweight condition. This plant is very famous for its edible fruit to relieve constipation. Its seeds can be

pounded and then ingested to treat intestinal worms. Toothache, corns and warts can be treated by topically

applying its sap . Recently, the C. papaya, particularly its leaf part, has attracted wide attention for its potential

use in dengue treatment.

Dengue, an Aedes mosquito-borne viral infection, has become a public health risk that demands the world’s focus,

especially in tropical countries . This infection is one of the crucial health concerns in Malaysia because of its

worrying statistical value. There were more than 900,000 dengue cases with over a thousand deaths reported in

Malaysia from the year 2009 to present and more than 125,000 dengue cases were reported in 2019 alone .

The dengue virus (DENV) belongs to the virus family Flaviviridae and consists of five serotypes (DENV-1 to 5).

Compared to other serotypes, the fifth serotype has only been circulated between non-human primates and

mosquitoes (also known as the sylvatic cycle) with only one new human infected case reported in 2013 . The

ideal vector for DENV-5 is mosquito Aedes niveus, whilst the female Aedes aegypti mosquito is the common vector
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in DENV transmission . Compared to the male type, the female mosquito requires external blood as a nutrient

supply, particularly iron mineral, for its eggs production and development . Due to the very low transmission rate

of the DENV-5 and a lack of scientific information, at present the World Health Organization upholds that the

dengue disease is a public health concern mainly caused by the other four serotypes .

There are primary and secondary dengue infections. Individuals who have recovered from primary infection of a

serotype have lifelong immunity against the same serotype but the risk of developing severe dengue would be

higher following infection by any other of the three serotypes (secondary infection) . Severe dengue, also

known as dengue hemorrhagic fever, is potentially fatal. Despite of the life-threatening complication, there are still

no specific antiviral medications for dengue infection . Nevertheless, scientists are persistently striving to find the

cure by diverging their attentions to develop a therapeutic drug that can disrupt or cease targeted DENV proteins’

functions . A licensed dengue vaccine commercially available in some countries is not effective against all four

common serotypes of DENV, and it can cause individuals unexposed to DENV to be at greater risk of developing

severe disease . These situations highlight the research need in identifying potent compounds with promising

anti-dengue activities via in depth understanding of dengue pathogenesis. There are currently no systematic

scoping reviews focused on C. papaya leaf juice.

2. Carica papaya Leaf Juice for Dengue

Juice form of C. papaya leaf consisting of 28 included studies that focused on efficacy of this herbal preparation on

dengue related parameters. The doses of juice used and treatment duration were varied. Interestingly, the findings

from the included studies seemed to be associated with the use of C. papaya leaf juice. Therefore, regardless of

variation in dose and treatment duration, this suggests the potential use of the leaf juice in treating dengue

manifestation.

The C. papaya leaf juice does not demonstrate a linear dose-response relationship in the measured study

parameters . Nevertheless, s hormesis dose-response relationship was observed where beneficial

effects were observed at low doses instead of high dose. Such a dose-response model has been reported to occur

in some therapeutic agents such as antiviral drugs . The DENV replication in a host’s body would only be

successful by inhibiting the signals of interferon in the body. In conjunction with this factor, a reliable mouse

research model in dengue research was established. The AG129 mouse used in dengue research lacks α-, β- and

γ-interferon receptors making the introduced DENV unable to communicate with the host’s interferon and therefore

the DENV can successfully replicate in the host’s body . The use of such a laboratory model could mimic

clinical manifestation of human dengue infection. Another team of scientist also discovered the association

between endothelial permeability of liver tissue and DENV and suggested that the liver can be the virus replication

site . Despite the efforts investigating larvicide(s) in reducing the number of mosquitoes as a disease vector,

there was very few studies pertaining to the larvicidal effect of the leaf juice.

The choice of efficacy studies for medicinal plants is commonly determined by the ethnobotanical information.

Ethnobotany is a field of study related to traditional knowledge on use of plants such as for medicinal use. This
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type of valuable information is mostly based on years of belief and observation; and richer in countries with big

ethnic diversity as these regions would have more communities, such as indigenous people, who used or tried

alternative healthcare treatment, such as using plants to heal health conditions. Several drugs prescribed in

conventional medicine originated from naturally occurring substances and are plant-based such as digoxin

extracted from Digitalis lanata for heart problem and morphine (from Papaver somniferum) for pain control. Despite

the credit of ethnobotany in drug discovery and development, consumers should always keep in mind that not all

traditional knowledge of medicinal plants has been therapeutically investigated to establish a safe dose and

therefore they should be more cautious in using it .

Lately, an extensive review about the safe use of different formulations of C. papaya leaves highlighted some

safety concerns. Apart from the mild gastrointestinal side effects, interaction with co-administered drugs, such as

certain hypoglycemic agents, anti-malarial, cardiovascular drugs, and antibiotics, has either increased or

decreased the efficacy of the drugs. It revealed that consumption of C. papaya leaves (up to 21 days) affected the

reproductivity in both male and female animals. The possibility of consuming products containing C. papaya leaves

which cause dysregulation of liver enzymes and lesions on the liver, was suggested from three in vivo studies with

long treatment duration (up to 35 days). However, no liver function-related side effect was reported in the appraised

clinical data, except there were two case reports that documented a plausible association between consumption of

C. papaya leaf extract and irregular level of liver enzymes but the impact from confounding factors, such as any

concomitant drug and/or underlying health condition of the patients, was not described in the reports and therefore

such association is still questionable .

Despite these unfavorable findings reported in the safety review, there are other aspects that shall be addressed

too. Firstly, there is no clinical evidence that reports the adverse effect of C. papaya leaves on the human

reproductive system, either long or short term. Secondly, as compared to a long consumption period, neither

hepatoxicity nor other toxic-related effects were found on the animals treated with a single dose of the leaves

aqueous extract within a 14-day study duration . In addition, the safety findings from this research imply

protective role of C. papaya leaf juice on the organs of dengue infected subjects. Thirdly, the type of solvents used

in plant extraction is a key factor that may influence the efficacy and/or level of toxicity observed, especially when

toxic chemical solvents are used .

A series of rodent toxicity studies using freeze-dried C. papaya leaf juice, from 14 days of single dosing up to 90

days of daily dosing over a range of doses, showed minimal toxicity findings and the no-observed-adverse-level

was 2000 mg/kg body weight . Hence, a human equivalent dose for the 2000 mg/kg body weight by

considering a safety factor of 10 is 32.26 mg/kg body weight, which is equivalent to 2.26 g of the freeze-dried C.

papaya leaf juice taken by a 70 kg human. The treatment regime prescribed in the included RCTs was 5–30 mL of

the juice for adult consumption (vs. children: 2.5–5 mL) for one to six days .

Flavonoids have already been studied for their antiviral effect on human viruses, such as herpes simplex, polio,

parainfluenza and respiratory syncytial viruses . Flavonoids derived from plants have been shown to inhibit

dengue viral replication where the in vitro inhibitory effect was observed using plaque assay . Flavanones
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isolated from Boesenbergia rotunda (L.) Mansf. Kulturpfl. showed competitive inhibition towards NS3 protease .

Using inhibition kinetics study, docking and protease assay, certain flavonoids were found to inhibit one of DENV

enzymes non-structural proteins (NS2B/NS3 protease) at an allosteric site . Other than the protease complex, a

few studies also showed commercial flavonoids and flavonoids isolated from different plants inhibited another

DENV enzyme (NS5-RNA-dependent RNA polymerase) activity . Other quercetin and kaempferol

analogues showed potential for inhibition on DENV enzymatic activities. Both structures, respectively, formed multi-

hydrogen bonds with amino acid residues, which enhanced the binding strength of the compounds at the target site

.

The ability of flavonoids to interact with the cell membrane surface that protects the lipid bilayer against harmful

agents, such as free radicals, has been discovered . Therefore, the reported erythrocyte membrane

stabilizing effect could correlate to the high content of flavonoids in the C. papaya leaf juice. Similarly, scientists

also found an association between flavonoid and immunomodulation activity, such as T helper cell differentiation

into inflammatory and regulatory cells via mTOR pathway . Interestingly, here, the C. papaya leaf juice was also

found to be modulating the functional and non-functional immune responses.

As one of the biggest phenolic groups  and also the most abundant content found in C. papaya leaf juice,

flavonoids have also been reported to modulate platelet aggregation (a clinical manifestation that could happen to

dengue patients) through few pathways such as inhibition of arachidonic acid, suppression of cytoplasmic calcium

ion, blockage of degranulation and integrin signaling mediated by αIIbβ3 integrin, inhibition of platelet granule

secretion, and inhibition of thromboxane formation . One study shows the protecting role of bone marrow by C.

papaya leaf extract in regulating protein carbonyl and glutathione contents within bone marrow, less severity of

histology lesion found on the lead-induced oxidative damage bone marrow and promotes production of blood cells

and platelet in the bone marrow . Similar prominent findings were also reported by the included studies in

protecting or enhancing the production of bone marrow cells and splenocytes.

In Malaysia, C. papaya trees are planted for food consumption and commercial purposes. Two papaya varieties

are popular in Malaysia, i.e., ‘eksotika’ and ‘sekaki’. Both varieties can be commonly found as hermaphrodite and

there are slight differences in their physical appearance . Currently, only one metabolite profiling analysis was

conducted on the fruit part of both varieties and a distinct metabolite profile was found between the ‘eksotika’ and

‘sekaki’ . Similar extensive profiling on the leaf part to investigate content difference for both varieties is still

lacking.

The phytochemicals detected in the C. papaya leaf juice, such as the flavonoids, should be given attention to as

they could be potential DENV inhibitors. These points of discussion provided insights on the potential of the C.

papaya leaf found in this review; for example, recovery of platelet count to minimize risk of bleeding among

thrombocytopenic dengue patients. Compared to the three plausible mechanisms of action of C. papaya leaf on

dengue infection (anti-thrombocytopenic effect, immunomodulatory effect and antiviral effect) suggested by Bok et

al., (2020) , the findings from this research focusing on leaf juice, emphasize the effect of larvicidal activity, anti-

thrombocytopenia and immunomodulation.
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Based on the gathered scientific evidence in this entry, not only the larvicidal effect, but the C. papaya leaf juice

also has the potential in relieving dengue manifestations (anti-thrombocytopenic effect and immunomodulatory

effect), which are preferable for only a short consumption period, such as the short treatment regime in treating

dengue patients.
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