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Abstract: Carica papaya (papaya) leaf extract has been used for a long time in a traditional medicine to
treat fever in some infectious diseases such as dengue, malaria, and chikungunya. The development
of science and technology has subsequently made it possible to provide evidence that this plant is not
only beneficial as an informal medication, but also that it has scientifically proven pharmacological
and toxicological activities, which have led to its formal usage in professional health care systems. The
development of formulations for use in nutraceuticals and cosmeceuticals has caused this product to
be more valuable nowadays. The use of good manufacturing practice (GMP) standards, along with
the ease of registering this product facilitated by policies of the national government, will absolutely
increase the value of papaya leaf extract as a vital nutraceutical and cosmeceutical products in
the near future. In this article, we review the potential of papaya leaf extract to be a high-value
commodity in terms of its health effects as well as its industrial benefits.
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1. Introduction

In tropical and sub-tropical regions, there are abundant flora and fauna living in
good climates and circumstances. Flora in particular can constitute valuable sources
of various kinds of beneficial products such as dyes, edible tubers, oil crops, furniture,
agricultural implements, ornamental plants, pharmaceutical products, rubbers, timbers,
and cosmetics [1]. Therefore, the preservation of biodiversity is a compulsory task for
the protection of local ecosystems from destruction and to promote healthy conditions
for organisms to thrive [2]. There are several ways to promote and to preserve our local
biodiversity, including supporting local farms, protecting bees, planting local flowers,
fruits, and vegetables, taking shorter showers, respecting local habitats and knowing the
sources of products [3].

Carica papaya (papaw or papaya) is one of the tropical and subtropical trees that is
well known for having the entirety of its parts utilized. As a tropical species, this plant
grows continuously during winter, although growth slows down and fruit production
ceases during the colder months [4]. In Indonesia, the export demands for papaya come
from Germany, Hong Kong, Japan, Malaysia, Singapore, Taiwan, and the USA; despite
still being high, the export volume decreased from 2009 to 2020 [5]. This could indicate the
preservation of this crop becoming less intensive, leading to a reduction in its productivity.

The productivity of papaya has declined, along with the arising of challenges to
its fronting, as a result of papaya dieback disease, which could jeopardize its future [6].
One of the dieback diseases is Erwinia mallotivora, a phytopathogen bacteria, which plays
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significant roles in terms of overcoming and limiting the effect of this vulnerable crop [7].
It has 4824 Kbp and the G + C content of the genome detected in papaya showed 52-54%
homology to that of reference genomes of other Erwinia species [8]. This information is
useful for elucidating the infection mechanism of this disease, based on which the pathway
inhibition strategy can be understood. Although all parts of the papaya crop have been
widely studied, the fruit and the leaves are two major parts that are used daily for various
purposes such as in foods, medicines, pesticides and cosmetics [9].

In foods, the fruit has been advantageously used as a nutritional supplement [10],
appetizer [11], and snack [12], whereas as an herbal medicine, the leaves have been utilized
in antimicrobe [13], antioxidant [14], antivirus [15,16], haematology disorder treatment [17],
and antitumor applications [18]. Although it is minor, the papaya seeds have been studied
for their antidiabetic activity [19]. In non-food and non-medicine applications, papaya
leaves are also used as a bioherbicides [20], ectoparasite controls [21], and larvicides [22],
as well in the control of the onion pest Spodoptera exigua [23].

As a nutritional supplement, the fruit can be used as a detoxifier and as a metabolism
inducer, as well as for rejuvenating the body and maintaining the body’s homeostasis since
it is rich in antioxidants, B vitamins, folic acid, pantothenic acid, K and Mg as well as
fibre [24]. In particular, B vitamins serve as the co-enzymes in a vast array of metabolism
enzymatic reactions. Their cumulative effects are most likely to impact various aspects of
brain function, including energy production, DNA /RNA synthesis/repair, genomic and
non-genomic methylation, and the synthesis of numerous neurotransmitters as well as
signalling molecules. As an appetizer, it was reported that the most common flavour-active
compounds in papaya were linalool and benzaldehyde [11]. Therefore, the presence of
linalool might be responsible for a different characteristic sweet-flowery flavour in the
foods. Another flavour that can induce appetite is benzaldehyde, which can undergo auto-
oxidation to per-benzoic acid and can then react with a second molecule of benzaldehyde
to become benzoic acid. Upon hydrogenation of benzaldehyde, benzyl alcohol will be
formed. It was found that these diverse benzaldehyde products could lead to a range of
flavours in papaya fruit [11].

The antibacterial potential of papaya leaves is due to their phenolic compound charac-
teristics, which allows them to react with proteins to form stable water-soluble compounds,
thereby killing the bacteria by directly damaging their cell membranes. Flavonoids are
a major group of phenolic compounds that are reported to have antiviral, antimicrobial
and spasmolytic properties [13]. In diabetes-related applications, papaya seed extract was
investigated in terms of its role in increasing glucose transporter 4 (GLUT 4) expression in
the skeletal muscle cells of diabetic rats, thereby increasing glucose uptake into cells. With
this increased expression of GLUT 4 in muscle cells, it was found that it could be expected
to prevent cell atrophy [19].

In cosmetics, black hair dyes and face masks can be made from papaya seeds [25]
and leaves [26], respectively. In relation to pharmaceutical products, various studies have
been conducted to formulate papaya products operating via various routes of adminis-
tration, including oral [27], topical [28], and transdermal [29]. More specifically, most
papaya-based products administered via the oral route were prepared in capsule and
tablet dosage forms [30,31], but others, using the liposome delivery system [32] and self-
nanoemulsion [33], were also formulated. Various topical dosage forms have been prepared
including cream [34], lotion [35], hand sanitizer [36], ointment [37] and emulgel [38].

For example, in cosmetic applications, papaya seeds containing alkaloids, flavonoids,
saponins, tannins and triterpenoids were formulated at three different concentrations
(2.5, 3.5 and 4.5%) using triethanolamine, glycerol monostearate, tragacanth, stearic acid,
cera alba, carnauba wax, ozokerite, coconut fatty acid, methylparaben, solid paraffin and
butyl hydroxy toluene. Various tests including a homogeneity test, a consistency test, an
effectiveness test and a safety test found that the formula with 4.5% papaya seed extract
was good, stable, effective and safe in its use in hair-blackening preparations, and that it
met cosmetic requirements [25]. A face mask from papaya leaf powder was formulated
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using 70% ethanol, rice starch, corn starch, kaolin, benzoic acid, and rose oil by applying
the mask on a 2.5 cm area of the upper arm of respondents. A safety test was performed for
24, 48 and 72 h showed that the product did not cause irritation in the 20 respondents [26].

Phytochemical compounds have been identified in papaya leaf, mostly in such classes
of flavonoids as apigenin, catechin, deoxyquercetin, hesperitin, isorhamnetin, kaempferol,
myricetin, naringenin, protocatechuic acid, quercetin, and rutin. Meanwhile, the fruit is
enriched by amino acids, proteins, carbohydrates, fibre, vitamin C, and other nutrients [39].
Interestingly, the all parts of papaya mainly express the white latex, which contains high
contents of a proteolytic enzyme called papain, which has been studied in relation to its
crucial role in the pathophysiology of many diseases, as well as for drug design, and
industrial uses such as in meat tenderizers and pharmaceutical preparations [40].

One of the local products that is formulated as a herbal extract is papaya leaf ex-
tract, prepared in capsule dosage form, manufactured by Sido Muncul Industry, located
in Semarang, Central Java, Indonesia, as a herbal and pharmaceutical product. In this
product, the ingredient is claimed to be a food supplement that helps in weight gain and
increasing appetite. In Indonesia, the papaya leaf extract was registered as “jamu”, and it
is used more as a dietary supplement (health prevention) than in medications. One of the
chemicals causing a bitter taste in papaya leaf extract may come from papain. Papain is
a proteolytic enzyme that breaks down proteins into their building block “amino acids”.
These amino acids are then easily absorbed by the intestinal membrane, which gives rise
to more comfortable abdominal indigestion symptoms such as reduced bloating and loss
of appetite [41]. Most likely, people do not enjoy papaya leaf due to its bitter taste. This
product is suggested to be suitable for those who want to gain weight by natural means.
This product is composed by 500 mg of leaf extract, which is equal to 3 g of its dried
leaf, and is indicated to have uses in reducing fever, recovering from dengue infection,
malaria, and chikungunya. This product has the advantages of containing various proteins,
as well as iron, calcium, vitamins A, B1, and C, and various alkaloids, enzymes, and
ribosomal-activating proteins [42].

Good manufacturing practice (GMP) has been applied to standardize the product by
conditioning it at a temperature lower than 60 °C in order to maintain the stability of its
active ingredients. This product has been registered and licensed by the National Agency
of Drug and Food Control. It is contraindicated for pregnant and breast-feeding women.
The recommended dose regimen for health promotion is one capsule per person three
times daily, which is indicated for those aged 12 and above. Meanwhile, the recommended
dose for fever recovery is two capsules per person three times daily. For children 6-12
years old, one capsule per day is sufficient. A sub-chronic toxicity evaluation confirmed
the safety of this product for long-term consumption [42].

This article reviews and offers perspectives on some of the most important issues
relating to papaya leaf extract, in terms of its applications as a major commodity in the
health industry. In the following sections, the extraction process of papaya leaf extract, its
various dosage forms, its uses in nutritional supplements and phytochemical substances,
its indications, the use of GMP, its product registration, and its safety will be overviewed.
References will be made to the indications stated on the label of the papaya leaf extract
produced by Sido Muncul, which will be reviewed with a focus on infectious diseases
only. Furthermore, the pharmacological and toxicological properties of papaya leaf extract
will be discussed, even in terms of its molecular mechanisms, and, on this basis, new
indications will be suggested.

2. Extraction

The extraction of papaya leaf is carried out by means of various methods, from
traditional maceration, percolation, and Soxhlet approaches to the use of more advanced
instruments such as microwaves and ultrasonic cleaners. Table 1 presents the extraction
methods used for papaya leaf along with the solvents involved in these methods. The
leaves are mostly extracted using a maceration method that employs 96% ethanol as the
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solvent. The reason for maceration being the most common method could be that it is
simpler and less expensive compared to other methods. The leaf has a soft texture; therefore,
it is easier for the solvent to penetrate the leaf cells while extracting the phytoconstituent.
However, this method has a disadvantage in terms of the equilibrium state between the
outside and inside of the cell since the solvent does not move. This causes the extraction
to stop, and the residues of filtrate need to be re-macerated using a new solvent [43,44].
On the other hand, 96% ethanol and water are used as two most common solvents. The
main reason for choosing these solvents is the fact that they have fewer toxic properties
compared to others [45]. Most likely, the flavonoid glycoside as well as alkaloids in a salt
form would be easily extracted from the leaf cells due to their suitable polar character in
relation to the solvents. Appropriately in light of the above, these two solvents are the most
recommended by the National Agency of Drug and Food Control.

Table 1. The extraction method for papaya leaves along with the solvents used.

Extraction Method Solvents References
. Methanol [46]
Ultrasonic cleaner 96% ethanol [47]
Hot presser Water [48]
Blender Water [23,49-51]
70% ethanol [25,52]
96% ethanol [10,22,27,33,36,53-56]
Maceration 70% methanol [57,58]
80% methanol [14,59]
Water [20]
. cold water, hot water, cold
Mixer ethanol, 70% [60,61]
Microwave methanol, 70% ethanol and water [62]
o, o,
Soxhlet hexane, acetone, 60% ethanol, 40% [63]

ethanol and water

3. Nutraceuticals/Cosmeceuticals Product

Nutraceutical is a term that is based on the words ‘nutrition” and “pharmaceutical’. In
general, nutraceuticals are foods or ingredients that have a significant effect in terms of
modifying the workings of the body and maintaining its normal physiological function.
Nowadays, nutraceuticals constitute a growing global market and have become an lifestyle-
related health promotion trend. The nutraceutical products can be grouped as dietary
fibre, prebiotics, probiotics, polyunsaturated fatty acids, antioxidants, and other types of
herbal /natural foods. Many metabolic disorders such as obesity, cardiovascular diseases,
cancer, osteoporosis, arthritis, diabetes, and cholesterol are controlled via supplementation
with nutraceuticals. This is supported by the recent re-orientation of research, which has
exhibited a tendency towards focusing on ‘nutraceuticals” as the one of the most important
sectors in the pharmaceutical industry [64].

Cosmeceuticals represent a new category of products that form a hybrid between
cosmetics and pharmaceuticals. These products intend to enhance both health and skin
beauty. The skincare industry is an ever-increasing part of the healthcare sector, in which
cosmeceuticals are formulated from a multitude of ingredients. These developments
have caused physicians to consider cosmeceuticals, and subsequently, to recognize and
understand their benefits, limitations, and potential adverse effects, which ensures that
patients have broad access to these products [65].

The nutraceutical and cosmeceutical products of papaya leaves are mostly manufac-
tured in Asia, especially in India [66]. In this country, there have been at least 58 papaya leaf
extract products manufactured in tablet dosage form by diverse pharmaceutical companies.
Papaya leaf tablets usually contain 1100 mg of extract per tablet. Other minor products
such as capsules, oral drops, and tinctures are produced in US and Indonesia [67-70].
Various cosmeceutical products are produced in Hungary, particularly skincare products
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such as toners, cleansers, peeling gels, eye creams, face creams, body polishes, face serums,
and skin-clearing masks [71].

4. Nutritional and Phytochemical Substances

Nutraceutical and cosmeceutical products are formulated with the consideration
of a few factors, in which either nutritional or phytochemical substances play the most
essential role in health effects. A number of articles have reported on these aspects [72-74];
in general, the nutrients of papaya leaves can be categorized as macromolecules, fibre,
minerals, and vitamins [75]. Table 2 summarizes the nutritional substances that have been
reported as being present in papaya leaves.

Table 2. The nutritional substances reported to be present in papaya leaves [74,76-78].

Nutrients % Nutrients % Nutrients %
Proteins * 5.8 Phosphorous ** 0.221 Vitamin B3 ** 0.0003
Lipids * 1.4 Magnesium ** 0.032 Vitamin B2 ** 0.0001
Carbohydrates * 78.2 Iron ** 0.006 Vitamin B1 ** 0.0004
Fibre * 13.1 Calcium ** 0.366 Vitamin A ** ND
Energy ** 348.6 kcal Vitamin C ** 0.031 Beta-carotene ** 659.5IU
Sodium ** ND Vitamin B9 ** ND
Potassium ** 0.534 Vitamin B6 ** ND

ND = not determined; * = macronutrient; ** = micronutrient.

In the literature, the phytochemical compounds in papaya leaf have been sum-
marized and are reported to include: 2S-sambuningrin, 5,7-dimethoxycoumarin, an-
thraquinone, apigenin, caffeic acid, caffeoyl alcohol, catechin, deoxykaempferol, deoxy-
quercetin, dimethoxyphenol, ferulic acid, kaempferol, p-coumaric acid, p-coumaric alcohol,
protocatechuic acid, R-prunasin, carpaine, pseudocarpaine, dehydrocarpaine I, dehydro-
carpaine I, carposide, emetine, quercetine 3-(2-thamnosylrutinoside), kaempferol 3-(2-
rhamnosylrutinoside), quercetin 3-rutinoside, myricetin 3-thamnoside, chlorogenic acid,
E-3-(4-hydroxy-3-(3,4,5-trimethoxybenzyl)phenyl)acrylic acid, galic acid, and o-coumaric
acid [79-88]. Table 3 summarizes and groups the compounds identified in papaya leaves
into different classes of natural compounds, whereas Figure 1 depicts the structures of
representative compounds from each class that are deposited in papaya leaves. Lists of
the compounds identified in papaya pulp and seeds are provided in Tables S1 and S2
(Supplementary Material), respectively [75].

Table 3. The phytochemical substances reported to be present in papaya leaves.

Class

Compounds Pharmacological Effects

Flavonoids

apigenin, catechin, kaempferol, deoxykaempferol,

deoxyquercetin, protocatechuic acid, galic acid antioxidant, anti-bacterial, anti-dengue [§9]

Flavonoid glycosides

quercetin 3-(2-rhamnosylrutinoside), kaempferol
3-(2-rhamnosylrutinoside), quercetin 3-rutinoside, antioxidant [81]
myricetin 3-rhamnoside

Cyanogenic glycosides 2S-sambunigrin, R-prunasin anticancer [90]
Coumarins 5,7—d1metho>'<yco'umar1n, p-cogmarlc acid, antioxidant [79]
o-coumaric acid, p-coumaric alcohol
Quinones anthraquinone anti-diabetes [91]

Cinnamic acids

ferulic acid, chlorogenic acid, E-3-(4-hydroxy-3-
(3,4,5-trimethoxybenzyl)phenyl)acrylic acid

Phenols

2,6-dimethoxyphenol antioxidant [92]

Alkaloids

carpaine, pseudocarpaine, dehydrocarpaine I,

dehydrocarpaine II, carposide, emetine antimalarial [83]
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Figure 1. The representative compounds deposited in papaya leaf from each class: (a) apigenin, (b) myricetin 3-
rhanmnoside, (c) 25-sambunigrin, (d) 5,7-dimethoxycoumarin, (e) ferulic acid, (f) 2,6-dimethoxyphenol, (g) carpaine,
and (h) anthraquinone [79-88].

Papaya is not dissimilar to papain (E.C.3.4.22.2), a proteolytic enzyme, which is abun-
dantly (80%) present in latex instead of other existing enzymes such as chymopapain,
caricain, acid phosphatase, amylase, chitinase, endo-1,3-3-glucanase, glutamine cyclotrans-
ferase, lysozyme, peroxidase, and lipase [85]. Papain is a simple cysteine protease enzyme
composed of 212 amino acid residue chains with molecular weights of 21,000-23,000 g/mol
or 23,406 Dalton. This protease activity is optimal at pH 6.0 to 7.0. Papain consists of a
single polypeptide chain with three disulfide bridges and a sulthydryl group, which are
responsible for the activity of the enzyme. By using casein as the substrate, papain shows
a low Michaelis-Menten constant (K, = 248.68 ppm) along with a high Viax (1.514 ppm
casein/min) in its Michaelis-Menten equation, demonstrating its highly active and fast
biocatalytic properties [93]. The catalytic site is surrounded by amino acid residues such as
GLN19, CYS25, HIS158, and HIS159 [94].

The latest 3D structures of papain that were deposited in the Protein Data Bank were
coded as 6HS8T [95]. The resolved structure of the complex obtained by aerated overnight
conjugation of [(Z6-benzene)Ru(1-{5-[bis(pyridin-2-yl)]pentyl}pyrrole-2,5-dione)Cl]Cl with
papain is of homodimer type with a resolution of 2.1 A of (Figure 2). The ligand complexes
to the active site and interacts with the cysteine residue (CYS25) by means of the Michael
addition of the thiolate to the double bond of the maleimide ring. This leads to hydroxyla-
tion to the tyrosine residue while interacting with GLY66 via the H-bond interaction. From
this result, it is concluded that due to the modification of the tyrosine residues, this would
be a good model in terms of developing a general understanding of the mechanisms and
constraints of reactive oxygen species (ROS)-induced damage to proteins.
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Figure 2. A homodimer of 2.1 A resolution structure of the complex obtained by aerated overnight conjugation of [(Z6-
benzene)Ru(1-{5-[bis(pyridin-2-yl)[pentyl}pyrrole-2,5-dione)Cl]Cl with papain. The protein is presented in a cyan ribbon
and the ligand is in a pink stick model for C, and blue for N.

5. Indications
5.1. Dengue

In Asia, the use of papaya leaf extract in the treatment of fevers caused by virus
infections such as dengue, malaria, and chikungunya is well known. For the treatment of
dengue, the use of papaya leaf extract to reduce thrombocytopenia papaya, a condition
in which the platelet count is less than 150,000 per uL of blood leaf extract, has been stud-
ied. This could be more prevalent because of decreased platelet production and/or their
increased destruction. The active ingredients of papaya upregulate the arachidonate 12-
lipooxygenase (ALOX 12) and the platelet-activating factor receptor (PTAFR) gene, leading
to an increased production of megakaryocytes and their conversion into platelets [96]. A
total of four trials, in which 439 subjects were enrolled, were included in the analysis. Of the
439 subjects, data on 377 subjects were available for analysis. From a clinical perspective,
it was found that papaya leaf extract increased the platelet count in 377 subjects after the
fourth day. However, after 48 h, there was no significant difference between the papaya
group and the control group. Interestingly, there was a significant decrease in hospital-
ization days in the papaya group [16]. It was hypothesized this prevention of blood lysis
could have been due to the effects of the flavonoids and other phenolic compounds present
in the papaya leaf [97]. The alkaloid carpaine showed anti-thrombocytopenic activity in
busulfan-induced thrombocytopenic Wistar rats. In addition, the papain enzyme has been
reported to reverse immune-mediated platelet destruction [98-100].

However, a systematic review and meta-analysis was performed to study the effects
of papaya leaf extract in dengue patients in four different countries including Indonesia,
Malaysia, Pakistan, and India. The study found that from a clinical perspective, the platelet
count improvement or early discharge was unclear in the absence of more robust indicators
of favourable clinical outcome. This led to the claim being made that papaya leaf extract’s
ability to reduce thrombocytopenia in dengue patients is insufficient. Therefore, it essential
that further well-designed clinical trials are conducted to examine the effects of papaya
on platelet counts, plasma leakage, other serious manifestations of dengue, and mortality,
with clearly defined outcome measures [101]. Instead of it being hypothesised that the
effects of the papaya leaf extract on dengue were due to the reduction in thrombocytopenia,
other hypotheses have been made. The presence of the flavonoid quercetin in papaya
leaf extract was able to combat the replication of the dengue virus through the inhibition
of NS2B/NS3 protease. This protease is important in terms of cleaving polypeptide-
constructing structural proteins to produce new virion packages. Therefore, a compound
that—either competitively of non-competitively—inhibits this protein could be marked as
a dengue antivirus candidate [102-104].
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Figure 3 shows the life cycle of dengue virus. The viral replication cycle is initiated
by the infection of flavivirus to the host cells, such as the monocytes, macrophages, and
dendritic cells. E protein mediates the penetration of the virus via the endocytosis process.
In the endosomal compartment, the virus is acidified, triggering its fusion to the host cell
membrane followed by the release of the nucleocapsid and viral RNA into the cytoplasm.
The negative strand RNA is formed and serves as a template for further replication,
generating positive sense-RNA molecules that provide RNA packaging as well as virus
assembly. These coordinates produce the new virions, which allow the maturation of the
virus in the Golgi apparatus, and then secrete them through the host secretory pathway.
One of the serine proteases of the virus, NS2B-NS3, supported by host-encoded proteases
(signalase and furin), processes the translation of the releasing material to generate a
polyprotein either co-translationally or post-translationally [105,106]. NS2B-NS3 can be
used as an optimal target in dengue drug discovery since it is required for the post-
translation of polyprotein as well as the maturation of the virus. Thus, the inhibition of
this enzyme is a promising strategy to combat several cases of dengue hemorrhagic fever
(DHF) and dengue shock syndrome (DSS) [107].

Release of progeny#
virus particle

Ay A A #
‘5

*/#

RNAreplication Furin

cleavage

Nucleocapsid
release

A Prpeptide

Figure 3. Illustration of (a) the life cycle of dengue virus (modified from [108]), and (b) the DENV2 NS2B/NS3 protease,
retrieved from PDB 2FOM, processing polyprotein cleavages either co-translationally or post-translationally [109].

5.2. Malaria

Although malaria is the deadliest tropical disease, it is often neglected by the phar-
maceutical industry due its endemic status [110]. Therefore, there are few options in
terms of drugs to treat this disease, while resistance is increasing [111]. The drugs to treat
malaria are so far categorized into three groups: aryl aminoalcohol compounds (quinine,
quinidine, chloroquine, amodiaquine, mefloquine, halofantrine, lumefantrine, piperaquine,
and tafenoquine), antifolate compounds (pyrimethamine, proguanil, chlorproguanil, and
trimethoprim), and artemisinin compounds (artemisinin, dihydroartemisinin, artemether,
and artesunate) [112].

Alternatively, indigenous people consume papaya leaf aqueous extract to reduce
fever symptoms caused by malaria. The empirical observations of this medication led to a
pre-clinical trial, in which the combination of papaya leaf extract with Vernonia amygdalina
demonstrated synergistic effects in the amelioration of plasmodium infection in mice. The
results showed that the parasite percentage loads between the infected treatment groups
and disease control group at day 3 after infection were significantly different (p < 0.05).
This result maintained its difference until the final experiment, in which all treatment
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groups showed significant increases in red blood cell (RBC) counts and packed cell volume
(PVC), compared to the disease control. In contrast, the white blood cell (WBC) count
was reduced, indicating the lowering of the infection status. Moreover, the treatment
groups showed a significant elevation of their body weight compared to the disease control
group. Meanwhile, the hepatic cells” histological profile indicates the reduction in its cell
damage, thus highlighting that papaya leaf extract is important in the treatment of malaria
infection [113].

An in vitro study of papaya leaf extract against Plasmodium falciparum (D10 strain)
was performed by preparing the extracts in five different solvents. The activities of the
five extracts were expressed in ICsg values as follows: 16.4 pg/mL (petroleum ether),
12.8 pg/mL (dichloromethane), 2.6 png/mL (ethyl acetate), 10.8 ng/mL (methanol), and
>50.0 ug/mL (water) [114]. This indicates that the most active compound in papaya leaf
extract is deposited in either ethyl acetate or methanol. According to the Pfizer guidance
on the use of organic solvents, ethyl acetate and methanol are categorized as the preferred
solvents; however, the use of methanol could cause serious effects such as acidosis and
retinal damage [115]. In a further in vitro study of papaya leaf methanolic extract against
Plasmodium falciparum (K1 strain), 51% inhibition was observed at a concentration of 4.8
ug/mL. The isolation work revealed some piperidine alkaloids employing (—)-carbamic
acid, (+)-methyl carbamate, and (+)-carpaine, along with a (+)-stereoisomer of carpaine
and a (+)-derivative of carpaine, which were predicted to be the chemicals responsible
for the anti-plasmodium activity. The most potent compound in terms of performance
was (+)-carpaine with an ICs of 0.21 uM and a selectivity index of 98, indicating that the
potency of this alkaloid is sufficient for it to be an antiparasite of P. falcifarum at non-toxic
doses. However, in the in vivo murine model, carpaine (daily dose of 10 mg/kg BW
intraperitoneally) did not reduce parasitemia until day 10 after infection [116].

5.3. Chikungunya

The third mosquito-borne disease, which is traditionally treated with papaya leaf
extract, is the chikungunya virus (CHIKV) infection. This arbovirus infection often occurs
suddenly without any specific diagnosis, leading to severe clinical manifestations [117].
A study was performed to explore the potency of a methanolic extract of papaya leaf as
a CHIKYV antiviral agent. This extract showed antiproliferation of infected cells (BHK21)
with a CCsg of 15.625 pg/mL, whereas the aqueous extract had a CCsg of 62.5 pug/mL. Sur-
prisingly, the antiproliferative activity of the papaya leaf extract was better than ribavirin,
as the positive control, with a CCsq of 125 pg/mL. Two compounds, rutin and carpaine,
were isolated from the methanol extract. The CCs( values of these compounds against the
virus were 125 ug/mL and 15.625 ug/mL, respectively, highlighting the potential effects of
this plant as a CHIKV antiviral agent [118].

There are few publications on the effect of papaya leaf extract on CHIKV. However,
one in silico study was conducted by docking four phytochemicals from papaya leaf, i.e.,
p-coumaric acid, caricaxanthin, violaxanthin, and zeaxanthin. The docking was applied to
chikungunya virus glycoprotein (E3-E2-E1) and chikungunya virus non-structural protein2
(nsp2) protease. The result showed that violaxanthin had the best docking score against
the glycoprotein E3-E2-E1 via its interaction with ASNB263, but in the docking of nsp2,
zeaxanthin showed the best docking score. This work provides insights into the activities
of papaya leaf extract active against CHIKV. The chemical structure of violaxanthin and
zeaxanthin are presented in Figure 4 [119]; these were not included in the classification of
the compounds in papaya leaves in Table 3.
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Figure 4. The chemical structures of (a) violaxanthin and (b) zeaxanthin.

In a further study, papaya leaf extract in the form of silver nanoparticles (AgNPs) was
evaluated for its in vitro activity against chikungunya virus (CHIKV), demonstrating a
maximum non-toxic dose (MNTD) of 125 pug/mL and a 1/2MNTD 62.5 pg/mL. Compared
to the virus control, these toxic doses caused about 39 and 52% of CHIKYV inhibition. The
treatment using AgNPs showed 14% viability in the infected cells, leading to the conclusion
that the AgNPs synthesized from papaya leaf showed antiviral activity against CHIKV
when tested on Vero cells [120].

6. Good Manufacturing Practice

As with all common pharmaceutical products, the good quality of herbal products
must be ensured, not only for the consumers, but also for regulators and manufacturers.
The regulations and guidelines in each country can differ due to the political, economic,
and cultural policies of each country; therefore, a harmonization of the various standards
should be sought out to standardize the good quality of the herbal products.

A published article in 2015 described the major GMP regulations for herbal products
implemented in five different regions, i.e., the WHO-GMDP, the GMP in China, the current
GMP (cGMP) in the United States (US), the Pharmaceutical Inspection Co-operation Scheme
(PIC/S) in Singapore, and the GMP in the European Union (EU), to compare them in terms
of principles, contents, supervision, and industrial influence. It was found that among
the regions, there are major differences in product scope as well as implementation mode.
China develops herbal products based on the WHO-GMP, whereas the EU-GMP reflects
the PIC/S, and the cGMP of dietary supplements in the US combines multiple GMPs from
all regions. For example, without any claims of medicinal activity, herbal products in USA
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are categorized in dietary supplements, while in the EU-GMP, WHO-GMP or PIC/S, these
are regarded as herbal medicinal products. The components of GMP, including personnel,
premises and equipment, documentation, production, quality control systems, control
and analysis of manufacturing, complaints and product recall, and self-inspection, are
almost the same despite occasional differences in expression. In the implementation and
supervision of the herbal medicine regulations in different regions and countries, all regions
have the same mode of execution, but the agencies, supervising organizations, and sample
inspection methods are different. Overall, this study provides consumers, manufacturers,
and regulators of herbal products with the means to make decisions regarding the strategy
of production of herbal medicine products according to the various GMP standards [121].

In Indonesia, the National Agency of Drug and Food Control implemented a new
regulation regarding GMP for herbal medicinal products on June 18th, 2021. This new
regulation was constructed to adapt to the recent advancements in science and technology,
and to facilitate the ease and supervision of manufacturing, which has gradually been
categorized in micro-scale herbal medicine product manufacturing and macro-scale herbal
medicine product manufacturing, as a pre-requisite to the releasing of license numbers.
A few new points that were highlighted include the following: the amendment of the
certification procedure from manual to electronic (e-certificate), the deletion of location
agreement requirements by the National Agency of Drug and Food Control, the shortening
of service timelines, the prolongation of the GMP for herbal medicine products, and the
improvement of GMP for herbal medicine product facilities as well as a reduction in the
fee for non-government taxes down to zero (in the IDR currency). The certification of all
of the assessed aspects of GMP for herbal medicine products was developed gradually
starting from the micro scale and progressing to macro-scale herbal medicine product
manufacturing [122].

Sido Muncul, as a national company that specialises in herbal and pharmaceuti-
cal products and produces and markets papaya leaf extract, has implemented the GMP
standard for herbal medicine products and has been certified accordingly since 2000. Fur-
thermore, it has received the following certifications: ISO 9001:2015 Quality Management
Systems, ISO 14001:2015 Environmental Management Systems, ISO 22000:2009 Food Safety
Management Systems, Hazard Analysis Critical Control Point (HACPAPAYA), and the
Halal Assurance System (SJH). Their products have been certified in the following dosage
forms: oral liquid, capsule, soft capsule, pill, poultice, tablet, effervescent powder, semi
solid, powder for external medication, and oral powder [123].

7. Herbal Medicine Product Registration

In conjunction with GMP, an herbal medicine product should be registered with the
National Agency of Drug and Food Control following the consideration of the following
factors, and, in so doing, it can be distributed across the globe: (1) the herb must be selected
according to the relevant monographs published in its own country or with reference
to the WHO monograph. The herbs that have restrictions applied by their countries of
origin or by the WHO should be avoided. (2) The chosen part of the plant should be
justified in terms of its use. (3) The solvent, extraction technique, the in-process control,
optimization and validation must be developed. (4) The herb’s safety, accounts of its
traditional usage, and its proposed indications must refer to the solid and reputable
studies. (5) A well-planned GMP must be set up; for instance, EU GMP /GLP-approved
manufacturing/R&D laboratories are required for EU registrations or USFDA-compliant
facilities are required for US registrations. (6) Chemical identifications, including total
ash, ash insoluble in hydrochloric acid, heavy metals, loss on drying, extractable matter,
residual solvent, etc., must be clearly stated using specified methods such as thin layer
chromatography (TLC)/gas chromatography, or other advanced instruments. (7) The
marker compound must be justified. (8) The impurity profiles, including insecticides,
pesticides, trace metal contents, microbial contamination, and aflatoxins must be clearly
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stated. (9) Container closure systems and storage conditions must be well defined using
stability studies [124].

In Indonesia, an herbal product can be registered in one of three categories, i.e., “jamu”,
standardized herbal medicine, and phytomedicine. Jamu is a traditional medicine derived
from plants, animals, minerals, and a mixture thereof, which has not been standardized,
but rather, is administered medicinally on the basis of experience. It is consumed in various
forms including steeping powders, steeping slices, etc. On the other hand, standardized
herbal medicines are natural products for which there are standardized results regarding
their raw materials, and their uses have been investigated in pre-clinical studies; their
efficacy and safety are supported on the basis of in vivo pharmacological and toxicological
experiments. Meanwhile, phytomedicines are defined in the same manner as standardized
herbal medicines, but they are yet to pass clinical studies [125]. Although it is prepared in
capsule form, the papaya leaf extract produced by Sido Muncul is registered as a “jamu”
product [42].

8. Safety

A full safety study was conducted to evaluate papaya leaf extract in both pre-clinical
and clinical settings [126]. Male Wistar rats were given up to 1500 mg/kg of a methanolic
papaya leaf extract via gavage, which resulted in no observed mortality [127]. An aqueous
papaya leaf extract with a dose of 2000 mg/kg bw led to greater LDs5; values than those
given the methanolic dose in the aforementioned study [128]; meanwhile, there were no
mortalities observed when a methanolic papaya leaf extract was administered to Wistar
mice in doses of up to 3200 mg/kg [129]. A further study was carried out by giving
Wistar rats with a methanolic papaya leaf extract (400 mg/kg bw/d) via gavage for 28
days, it was found that the rats exhibited reduced aspartate aminotransferase activity,
enhanced blood urea nitrogen levels, and moderate hyperaemia in the kidney and heart
muscles [127]. Another study showed that no extract-related effects were indicated when
green papaya leaf extract (up to 2000 mg/kg/day) was administered to Sprague-Dawley
rats for 28 days via gavage [130]. Similarly, no adverse effects were shown when Wistar
mice were administered a methanolic papaya leaf extract (up to 3200 mg/kg/day) for
60 days [129]. The safety of aqueous papaya leaf extract was evaluated in pregnant
Wistar rats via gavage on days 12-18 of gestation with a dose of 60 or 120 mg/kg [131];
deformities were observed in the morphometry of foetuses, while 100% resorption was
noted in rats treated with 120 mg/kg of the extract. Other effects of papaya leaf extract on
the reproductive system were noted in a study conducted on male Wistar rats [132] given
500 mg/kg bw extract orally for 21 days. This exposure resulted in significant reductions
in mean values of sperm count, motility, viability, and serum testosterone concentration,
compared to control rats.

Papaya leaf extracts that were mixed with 96% ethanol, followed by partitioning into
hexane, ethyl acetate, and water fractions, were evaluated for their cytotoxicity against
T47D, a breast cancer cell line, using an MTT assay. The cytotoxicity assay showed that the
extract does not interrupt the growth of T47D cells. However, the hexane, ethyl acetate,
and water fractions showed a reduced viability of T47D cells with ICsy values of 2231.30,
557.33, and 2112.81 pg/mL, respectively. These results showed that the ethanolic extract of
papaya leaves and all of its partitions have no potential cytotoxicity in T47D cells due to
their high ICsg values [56].

Recently, a juice and standardized aqueous extract of papaya leaf was reported to be
well tolerated by adult humans for short durations (<five days), while one randomised
controlled trial reported its safe consumption in children (aged 1-12 years). The most
common side effects were minor uncomfortable gastrointestinal feelings. Hepatotoxicity
and reproductive toxicity were concerns in relation to long-term use, which was supported
by in vivo animal studies. Some unfavourable herb—drug interactions were indicated with
metformin, glimepiride, digoxin, ciprofloxacin, and artemisinin. In conclusion, papaya
leaf consumption by adults is most likely safe for short-term use, but should be carefully
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managed when it is given to pregnant women and people with liver impairments. Fur-
thermore, potential herb—drug interactions could occur with oral hypoglycaemic agents,
P-glycoprotein substrates, and antibiotics with cation-chelating properties [133]. As previ-
ously mentioned, a papaya leaf extract produced by Sido Muncul showed non-sub-chronic
toxicity even for long periods of consumption when it was evaluated in an animal study:.

9. Perspective

In terms of formal medication, traditional medicine is not recognized as the main
type of pharmacotherapy due to a lack of evidence-based data. Traditional medicines
have been used as alternative medicines by indigenous people due to their difficulties in
accessing formal health care facilities or for cultural reasons. Therefore, the production of
traditional medicine has historically been conducted via micro-scale home-based industry.
This type of industry also seldom produces estimates as to how money has been invested
for production as well as the types of marketing undertaken, which has led to unpredictable
incomes and non-established businesses.

Papaya is only one of the examples of agro-industrial products that have been de-
veloped by the pharmaceutical industry. The plant is easily cultivated in both tropical
and semitropical climates, in which all parts of the plant provide numerous benefits, as
mentioned in the previous section. In terms of the prospects of papaya as an herbal medic-
inal product, the leaves are the most widely discussed part of the plant, either in folk
preparations or in pharmaceutical dosage forms. In folk medicine, the leaves’ bitter taste
and flavour are believed to be a result of ingredients that can cure many illnesses. In the
pharmaceutical dosage form, scientists have confirmed the types of those active ingredients
as well as providing scientific evidence for their existence through pharmacological and
toxicological experiments.

As science and technology has rapidly developed, traditional medicine has begun to
attract researchers, especially those who have an interest in conducting evidence-based
research on natural products not just in relation to their traditional uses, but also in advance
formal medications. The nutritional and phytochemical substances of papaya leaf extract,
which could be responsible for its pharmacological activity, have been identified under in
silico, in vitro, and pre-clinical in vivo conditions, and even in human clinical studies. The
studies were not only carried out at the organism level, but also elucidated the cellular,
molecular, and atomic mechanisms relating to the ability of papaya leaf extract to interrupt
the pathophysiology of diseases.

Traditionally, papaya leaf extract has been broadly used to treat infectious diseases
caused by viruses such as dengue and chikungunya, and also in the treatment of para-
sites such as malaria. Scientifically, it contains flavonoids, which may exert inhibition to
the enzyme NS2B/NS3 protease of the dengue virus that plays a pivotal role in its life
cycle. Furthermore, the contents of alkaloid carpaine were reported to potently disrupt the
growth of cells infected by P. falcifarum, which answers the question as to why papaya leaf
extract was traditionally used for malaria fever. In addition, the active phytoconstituents,
namely violaxanthin and zeaxanthin, may have an impact on the activity of the chikun-
gunya virus through the inhibition of the E3-E2-E1 glycoprotein and the nsp2 protease
enzyme, respectively.

The world was shocked by the outbreak of SARS-Coronavirus-2 (SARS-CoV-2), which,
so far, has lasted for almost two years. Although vaccines have been continually developed
and distributed in order to urgently bring the pandemic to an end, there is no specific
drug to combat the virus [134,135], as was the during outbreaks of dengue as well as
chikungunya. In severe SARS-CoV-2 infections, large amounts of inflammation mediators
such as tumour necrosis factor-o (TNF-ot), macrophages, interleukins (ILs), interferons, and
other factors, are present in the lungs, which is widely known as a cytokine storm. This
cytokine storm can lead to the cell death, followed by tissue damage and haemorrhages,
triggering multiple organ failure. Therefore, by blocking the overproduction of those kinds
of inflammation mediators, the severity of infections could be well controlled. Papaya leaf



Molecules 2021, 26, 6922

14 of 20

extract was studied in terms of the inhibition of TNF-« rather than IL-6 in the inflammation
pathway cascade [136]. A further in vivo study reported that papaya leaf extract was able to
alleviate the cytokine storm in a dengue infection mouse model [137]. These two sources of
evidence may encourage further experiments on papaya leaf extract as a possible weapon
against the COVID-19 pandemic. The protease enzymes and flavonoid contents of other
nutrients were also studied in relation to their antioxidant activities [138], as well as their
role in T helper-type upregulation and as thrombolytic agents [139], as these biochemical
reactions were identified as occurring during COVID-19 pathogenesis, as pointed out in a
recent review [140].

The safety of papaya leaf extract was accurately determined, with either in vivo LDs
or in vitro LCsg values much greater than the effective dose/concentration. However, at
certain doses, the use of papaya leaf extract must be carefully handled during pregnancy
because the morphometry of foetuses in female rats showed a comparable defect to the
negative control. In the male reproductive system, the use of papaya leaf extract should also
be carefully managed since this extract was able to reduce the quality and quantity of male
Wistar sperm. However, to date, no study has reported toxicity in humans except a that
some human subjects experienced unpleasant feelings in their stomach (gastrointestinal
disturbance). Furthermore, a drug-herb interaction should also be anticipated when a
papaya leaf extract is consumed together with the certain drugs in order to avoid toxicity
or reduced efficacy.

In terms of product forms available on the market, papaya leaf extract can be obtained
in many dosages and in forms that are acceptable and ready to use. This makes the
consumption of papaya leaf extract more practically convenient than drinking the bitter
juice extract, and thus, attracts consumers to consume it, not only for medicinal purposes,
but also to prevent illness and promote their daily health. Furthermore, the cosmeceutical
products obtained from papaya leaf extract enrich the variety of cosmetics intended for use
in skincare, which should be a great indicator of the utility of bringing papaya leaf extract
into use as a more formal medicine product from its herbal form. It is likely that an increase
in guidance related to herbal products in terms of GMP and ISO standards by the National
Agency of Drug and Food Control, along with increased ease of product registration, will
allow this product to have a strong future in terms of improving the health of consumers
as well as bringing economic benefits to the manufacturers.

10. Concluding Remarks

A review of Carica papaya leaf extract was conducted, highlighting the vast oppor-
tunities arising from its potential as a formal herbal medicine product for use in disease
prevention, as well as its health-promotion prospects and potential high economic value. A
good manufacturing process must be upheld to maintain its quality and sustainability as
a nutraceutical and cosmeceutical product. The ease of obtaining governmental support
in terms of product registration will boost efforts to develop this product as an advanced
pharmaceutical commodity in the near future. To increase the scientific value of Carica
papaya leaf extract due to its potency as an antiviral agent, especially during the current
COVID-19 pandemic, we recommend that research be carried out, starting from in vitro
molecular assays and progressing to cellular assays, to evaluate the potential of this extract
to inhibit SARS-CoV-2 cell proliferation.

Supplementary Materials: The following are available online. Table S1: The list of macro and
micronutrients identified in Carica papaya pulp and seeds [75], Table S2: The list of phytochemicals
identified in Carica papaya pulp and seeds [75].
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