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INTRODUCTION

Candida albicans is the most frequently isolated candida species from the
oral cavity, the most common cause of oral candidiasis. The fungus C. albicans is
an opportunistic pathogenic fungus that causes human diseases, such as thrush
and gastrointestinal candidiasis. Overgrowth of C. albicans can cause
opportunistic infections in the oral cavity, called oral candidiasis. C. albicans can
also multiply rapidly and cause oral candidiasis infections when there is an
imbalance, such as due to local environment (change in pH or nutrition), use of
antibiotics, changes in the immune system (caused by infection or
immunosuppressant therapy), malnutrition, poor oral hygiene, dental
malocclusion, decreased immune system, impaired salivary gland function,
drugs, dentures, high carbohydrate diet, smoking, diabetes mellitus, and
immunosuppressive conditions.

Moreover, Candida overgrowth can cause local discomfort, altered taste
sensation, dysphagia of the esophagus resulting in poor nutrition, slow recovery,
prolonged hospital stay, burning sensation in the mouth, which increases when
eating spicy food7, the presence of slight bleeding in the area around the base of
the lesion, and dry mouth.

The incidence of candidemia in European countries and Brazil from an
analysis demonstrated that 63% and 40.9% were due to C. albicans. Candidemia
is the presence of Candida species in the blood. In Indonesia, a retrospective study
conducted in 2010-2014 at Dr. Hasan Sadikin (RSHS) Bandung revealed that
during this period, 49 patients suffered from oral candidiasis, with the highest
prevalence being men, as many as 34 people (69.3%).

On the other hand, Indonesia is a country that has natural wealth with a
wide variety of flora and fauna. Plants that grow around the environment have
benefits and are efficacious as medicine. Specifically, the papaya plant can be
used as medicine because almost all parts have health value. One part of this
plant is the leaves. Papaya leaves are often used in traditional medicine due to
the role of the active compound content. The active compounds in papaya leaves,
such as alkaloids, saponins, flavonoids, and phenols, have an antifungal role. For
this reason, this literature review aims to ascertain the activity of active
compounds in papaya leaves (Carica papaya L.) in inhibiting the growth of the
fungus C. albicans in the oral cavity.
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LITERATURE REVIEW

Candida overgrowth can cause local discomfort, altered taste sensation,
dysphagia of the esophagus resulting in poor nutrition, slow recovery, prolonged
hospital stay, burning sensation in the mouth, which increases when eating spicy
food, the presence of slight bleeding in the area around the base of the lesion, and
dry mouth.

METHODOLOGY

A literature search was conducted on 2000-2020. The boundaries of the
literature review were used to guide the literature search process, and titles were
then chosen from each database using the PICO framework, combined terms, and
medical subject. Using a mix of keywords, journals from databases like Google
Scholar and PubMed were added. “Candida albicans”, “papaya leaves (Carica
Papaya L.)”, “flavonoids”, “alkaloids”, “saponins”, and “tannins”. Search
engines and other journals' references were used in some journals.

RESEARCH RESULT
A. Candida Albicans (C. Albicans)

Candida albicans is an endogenous microorganism in the oral cavity,
gastrointestinal tract, female genital tract, and occasionally on the skin, which is
part of the normal flora and can be an invasive pathogen. In the oral cavity, C.
albicans is the most dominant fungal species, which was found isolated from
dentures, canker sores, and dental plaque. C. albicans can cause opportunistic
infections in the oral cavity, called oral candidiasis’®. Oral candidiasis is an
infection caused by C. albicans that can attack the oral mucosa in humans’®.
Triggers for oral candidiasis can be caused by three factors, namely local factors,
systemic factors, and a combination of local and systemic factors. Local factors
are such as poor oral hygiene conditions or the presence of other people's lesions.
Meanwhile, systemic factors include the use of systemic drugs (Chemotherapy),
bacterial infections, viral infections (HIV), and autoimmune diseases
(Pemphigus, SJS, SLE).

The most common location for oral candidiasis lesions is on the dorsum
of the tongue. Because the surface is not flat and is often in direct contact with
food, the area is retentive to leftovers and bacteria collection. Apart from the
tongue, oral candidiasis lesions are found on the buccal mucosa, labial mucosa,
hard palate, ventral tongue, corners of the lips, gingiva, soft palate, lateral
tongue, and base of mouth.

The main type of lesion in oral candidiasis may be erythematous macules
or pseudomembranous plaques, whereas at a more advanced stage or due to
involvement of a systemic disease affecting the oral mucosa in the oral cavity,
lesions can be found in the form of ulcers, erosions, or crusts. Given this, the
masticatory function will be disrupted and exacerbate the condition of oral
candidiasis. Pseudomembranous candidiasis (Thrush) presents as a yellow-
white lesion on the surface of the oral mucosa that is not painful or slightly
sensitive. This type can occur anywhere in the oral cavity but is most common on
the hard and soft palate, buccal or labial mucosa. Meanwhile, erythematous
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candidiasis may appear as red patches on the buccal or palatal mucosa or may
also be associated with depapillation of the tongue. Furthermore, hyperplastic
candidiasis is the rarest form and can be seen on the buccal mucosa and tongue.
Angular cheilitis may also appear on the commissures of the lips and appear
erythematous with hardening of the skin surface and forming fissures.

The classification of C. albicans consists of Phylum (Fungi Imperfecta), Order
(Moniliales), Family (Cryptococcaceae), Genus (Candida), and Species (Candida
albicans)'8. Morphologically, C. albicans can be seen in several fungal elements,
i.e., yeast cells (blastospores/yeast), hyphae, or intermediate/pseudohyphae.
Round, oval, or round-oval with a size of 2-5 u x 3-6 p to 2-5.5 p x 528 p is the
shape of a yeast cell. The fungus will reproduce by forming buds, which will
continue to elongate to form pseudohyphae. Optimum growth can occur at a pH
between 2.5-7.5 and a temperature between 20°C-38°C. Fungal growth can occur
rapidly between 48-72 hours in solid or liquid media. Nevertheless, the growth
rate will be higher in liquid media.

B. Papaya (Carica Papaya L.)

Papaya (Carica papaya L.) is a plant from the caricacae family, cultivated in
most tropical and subtropical countries. Papaya is native to Southern Mexico,
Central America and northern South America. This papaya plant is also known
by other names as papaw, paw paw, kapaya, lapaya, tapaya, papaya, papaya, papaia,
papita, lechosa, fruta bomba, mamon, mamona, mamao, and tree melon. All parts of
the papaya plant, such as leaves, fruit, seeds, skin, roots, and flowers, are used as
a source of medicinal plants. This plant has a single soft stem that grows 5-10 m
tall. The leaves are arranged sparsely at the top of the stem and are very large,
with squiggly edges around the edges.

The taxonomic classification of papaya (Carica papaya L.) consists of the
kingdom (Plantae), order (Brassicales), family (Caricaceae), genus (Carica), and
species (C. papaya). The parts widely used are the tree's fruit, leaves, and bark.
Papaya (Carica papaya L.) provides many benefits due to its high content of
vitamins A, B, and C proteolytic enzymes such as papain and chymopapain,
which have antiviral, antifungal and antibacterial properties. The chemical
constituents of papaya leaves include carpaine alkaloids, pseudocarpaine,
dehydrocarpaine I and II, choline, vitamins C and E, and carposide.

C. Uses of Papaya Leaves (Carica Papaya L.)

Papaya (Carica papaya L.) has been known for a long time due to its
nutritional content and medicinal value. The benefits of papaya leaves include
curing severe jaundice, expelling guinea worms, healing broken bones,
constipation, and digestive disorders, and treating oral candidiasis, malaria, and
dengue. Papaya leaves also have various therapeutic activities, such as
antibacterial, antioxidant, antipyretic, insecticidal, antimicrobial, and anti-
mollusk. Papaya leaves have antibacterial properties because they have the effect
of killing and inhibiting the growth of bacteria. It is due to the ability of one of
the chemical ingredients of the leaves, namely flavonoids. Papaya leaves in India
are used to treat stomachache, beriberi, and asthma. In Australia, the leaves are
used as traditional medicine for jaundice, malaria, dengue fever, and antiviral
activity. These leaves also act as antioxidants and antiseptics.
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D. The Activity of Active Compounds in Papaya Leaves (Carica Papaya L.)
in Inhibiting the Growth of the Fungus C. Albicans in the Oral Cavity
Papaya leaves (Carica papaya L.) contain various active compounds. As in

the study of the phytochemical test of papaya leaf methanol extract, it was shown
that the test results of the papaya leaf methanol extract contained alkaloids,
saponins, flavonoids, and Steroidterpenoid. The papaya leaf phytochemical
screening results also contained alkaloids, flavonoids extracted with methanol,
and other active compounds, such as steroids, extracted with n-hexane.

Various studies have uncovered that papaya leaves can inhibit the growth
of C. albicans. According to a study using a sample of 96% ethanol extract of
papaya leaves on the growth of C. albicans, there were significant differences
between treatment groups. Papaya leaf extract affects the growth process of the
fungus C. albicans. The antifungal effect is because papaya leaf extract contains
chemical compounds, such as alkaloids, flavonoids, and saponins. It is consistent
with the phytochemical screening results of 96% ethanol extract of papaya leaves,
revealing that they contain alkaloids, flavonoids, saponins, tannins, quinones,
steroids, and triterpenoids.

Other studies have also proven that papaya leaves can inhibit the growth
of the C. albicans test microbe, which was verified through experimental
laboratory studies using papaya leaf extract with respective concentrations of 5%,
10%, 15%, and 20%. The method used was the agar diffusion method. The results
showed that papaya leaf extract could provide the greatest antifungal activity
against C. albicans at a concentration of 20% with an inhibition zone of 12.5 mm.
The formation of an inhibition zone around the disc blank was due to active
antifungal compounds, i.e. alkaloids, phenols, flavonoids, and saponins
contained in papaya leaves.

Another study assessed the antimicrobial potential of various
concentrations of 70% ethanol extract of papaya leaves against C. albicans. The
results demonstrated that the largest inhibition zone formed was 13 mm at a
concentration of 30%, while the positive control used was fluconazole, which
showed an inhibition zone of 11 mm. In addition, the minimum inhibitory
content (MIC) formed was 2.5%. It could happen because it could be associated
with phytochemical constituents, such as flavonoids, saponins, alkaloids, and
tannins, primarily responsible for antimicrobial properties. The phytochemical
screening test results of 70% ethanol extract of papaya leaves (Carica papaya L.)
also showed results that there are active compounds in papaya leaves in the form
of tannins, terpenoids, quinones, alkaloids, and flavonoids.

Another research using papaya leaf extract and its Following a
phytochemical examination, alkaloids, flavonoids, glycosides, reducing sugars,
saponins, steroids, both tannins. Antimicrobial activity was assessed against two
resistant endodontic pathogens: Enterococcus faecalis and Candida albicans. The test
results unveiled the presence of all bioactive compounds, such as saponins,
flavonoids, reducing sugars, steroids, and tannins, except for glycosides. It
corroborates with the phytochemical test study of 70% ethanol extract of papaya
leaves, which found that they contain tannins, flavonoids, alkaloids, saponins,
and steroids®0. The presence of these bioactive compounds is the antimicrobial
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potential of papaya extract. It can occur in bacteria and fungi due to the inhibition
of cell wall formation in cells, which results in leakage of cytoplasmic
constituents by the bioactive components of the extract.

Furthermore, experimental laboratory studies, with samples of Carica
papaya leaves of solo and solo mix varieties extracted using 95% ethanol and n-
hexane, were investigated to prove the presence of secondary metabolites. The
secondary metabolite research results of 95% ethanol extract and n-hexane of
Carica papaya showed the presence of alkaloids. Flavonoids, glycosides, and
saponins were only found in 95% ethanol extract, while tannins were present in
n-hexane extract. The antimicrobial study showed that the ethanol extract, both
solo and solo mix varieties, demonstrated activity against Staphylococcus aureus,
Streptococcus pneumoniae, Escherichia coli, Bacillus subtilis, and Candida albicans.
Nevertheless, the inhibition zone obtained was not greater than the Ciprofloxacin
positive control. The antibacterial activity is due to the presence of
phytoconstituents in the ethanol extract of Carica papaya leaves, including
alkaloids, tannins, and flavonoids, which have been shown to have antibacterial
properties. Flavonoids are secondary metabolites, identified as a broad class of
polyphenols found in abundance in plants. Flavonoids are a major group of
phenolic compounds reported to have antiviral, antimicrobial, and spasmolytic
properties. Several in vivo and clinical studies have also reported that flavonoids
exhibit pharmacological functions, i.e., having antifungal activity.

The use of flavonoids to fight The first goal of bacterial, protozoan, and
fungal infections is to kill microbial cells, second, to combat bacterial toxins'
spread and consequences. Flavonoids act as bactericidal and bacteriostatic by
damaging the cytoplasmic membrane through perforation mechanisms and
decreasing membrane fluidity, inhibiting energy metabolism and the synthesis
of nucleic acids against different microorganisms. In addition, the flavonoids'
mode of action is through their inhibitory effect on the process of cell membrane
synthesis and inhibition of cell wall synthesis. Fungal cell protein will be
denatured by flavonoids, resulting in damage to the cell wall, and the lipid layer
will be disrupted due to the activity of the flavonoids.

Additionally, flavonoids frequently inhibit fungal growth by multiple
underlying mechanisms, including plasma membrane disruption, induction of
mitochondrial dysfunction, inhibition of cell wall formation, cell division, RNA
and protein synthesis, and efflux-mediated pumping systems. Besides, the
chemical content of flavonoids also interferes with the process of diffusion of
food into cells by damaging cell membranes, thereby stopping the growth of
fungi or killing the fungi.

Flavonoids also inhibit enzyme activity by forming complexes with
bacterial cell walls, extracellular and soluble proteins, and lipophilic flavonoids
interfere more with the integrity of cell walls or microbial membranes at low
concentrations. The lipophilic nature of flavonoids interferes with the
permeability of cell membranes by binding to phospholipids in the fungal cell
membrane.
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Meanwhile, saponins are a class of bioorganic compounds found in certain
abundances in the plant kingdom. Structurally, saponins have one or more
hydrophilic glycoside sugar groups combined with lipophilic triterpene
molecules. Saponins exhibit biological roles and medicinal properties, such as
hemolytic factors, anti-inflammatory, antibacterial, antifungal, antiviral,
insecticidal, anticancer, cytotoxic, and molluscicide actions. Saponins are more
modern in biotechnology and used as adjuvants in vaccines. Saponins will break
down the coating fat in the cell membrane, disrupting cell membrane
permeability, disrupting the diffusion process of materials or substances needed
by the fungus, and eventually, the cell swells and bursts.

As an antifungal, the mechanism of saponins is through membrane
destruction and induction of apoptosis in fungi. Damage to the cell membrane
through the binding of ergosterol will result in a loss of function of the cell
membrane. Saponins can also disrupt the stability of cell membranes, resulting
in microbial cell lysis. In addition, as antifungals, saponins will interfere with cell
wall permeability by working to form complexes with sterols, which are enzymes
that make up fungal cell walls, resulting in the loss of cell wall permeability. The
mechanism of antifungal action on saponins is also through inhibition of cell wall
formation, fungal mitochondrial dysfunction, cell division inhibition,
RNA /DNA synthesis and protein synthesis, and inhibition of the efflux pump.

Moreover, alkaloids are important secondary metabolites with
therapeutic properties, such as analgesic, antispasmodic, and bactericidal
properties. Alkaloids isolated from plants are generally found to have
antimicrobial properties. Some alkaloids are used as antiseptics because of their
antibiotic activity. The pharmacological activities of the alkaloids contained
include cytotoxicity, mutagenic or carcinogenic activity, antibacterial, antifungal,
and antiviral properties.

The mechanism of alkaloids as antifungals is through changes in
membrane permeability, impaired mitochondrial function, production of
oxidative stress, target cell wall integrity pathways, HSF1 transcription shock
factor, and heme modulation.#?> Besides, alkaloids inhibit esterase, DNA, and
RNA polymerase, providing antifungal effects.

Next, tannins are secondary metabolites of polyphenols in higher plants,
are widespread in several plant species, and are found in wood, bark, leaves, and
fruits.#3 Tannin-rich plants have the ability to react with proteins to create stable,
water-soluble chemicals, killing bacteria by directly destroying their cell, giving
them the potential to be antibacterial membranes. As an antifungal, the
mechanism of tannin is its ability to inhibit chitin synthesis for the formation of
cell walls in fungi and damage cell membranes, resulting in inhibited growth of
fungi. Also, tannins will inhibit the biosynthesis of ergosterol, the main sterol that
makes up the fungal cell membrane. Sterols are structural and regulatory
components of eukaryotic cell membranes, are the final product of fungal cell
sterol biosynthesis, and play a role in the permeability of fungal cell membranes.

The mechanism of action of antifungals can be through various ways, such
as inhibition of cell wall formation, disruption of cell membranes, fungal
mitochondrial dysfunction, inhibition of cell division, inhibition of RNA/DNA
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synthesis, protein synthesis, and inhibition of efflux pumps. fungus cell wall
inhibition, cell wall development, mainly composed of f-glucan; if these
chemicals' production is prevented, the integrity of the cell wall will be disrupted.
Disturbance of cell wall structure and synthesis is through inhibition of
ergosterol synthesis. Ergosterol is an essential component of lipid membranes,
modulating fluidity and membrane permeability and thickness. These sterols
have an important role in membrane function. Ergosterol can also be combined
with phospholipids to stabilize membrane structure, regulate the mobility of
fungal cell membranes, and ensure the integrity of the membrane structure and
the activity of membrane-binding enzymes, cell viability, and cell transport. If
ergosterol is not present, abnormal function of the fungal cell membrane occurs,
or the cell will rupture. In inhibition of RN A /DNA synthesis or protein synthesis,
if antifungal compounds enter cells, such as through active transport in ATPase
and interfere with RNA, it can lead to erroneous RNA synthesis and DNA
transcription inhibition. Regarding the inhibition of the efflux pump, the efflux
pump is present in all living cells, and its function is to remove hazardous
materials from the cell. This transport typically consists of the drug collected
from the fungus cells. Overuse drug resistance can result from the use of efflux
pumps. By preventing efflux pump, drug resistance can be reduced.

CONCLUSION

Based on this literature review, it can be concluded that:

1. Papaya leaves (Carica papaya L.) have active compounds, such as flavonoids,
alkaloids, saponins, and tannins, which can inhibit the growth of Candida
albicans fungus in the oral cavity.

2. The mechanism of papaya leaves (Carica papaya L.) in inhibiting the growth of
Candida albicans is through various means, such as inhibition of cell wall
formation, disruption of cell membranes, fungal mitochondrial dysfunction,
inhibition of protein synthesis, inhibition of RNA/DNA synthesis, and
inhibition of cell division of the efflux pump.
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