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ABSTRACT: Papaya (Carica papaya Linn.) is well known for its
nutritional as well as medicinal value since long time. The medicinal
properties of fruit and other parts of papaya are well known in the different
system of traditional medicine including Ayurveda. Its various parts has been
reported for various disease conditions viz. fever, swellings, jaundice,
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gonorrhea, bilious fever, itches, eczema, and rheumatism cold, headache,
whooping cough, asthma, chicken pox, and bronchitis in various traditional
literature. The various remarkable researches on biological activities and
medicinal application have been reported during past four decades and
established it as an important nutraceuticals agent. Carica papaya Linn. leaf
has been scientifically studied for various therapeutic activities like
antibacterial, antioxidant, antipyretic, insecticidal, antimicrobial, anti-
molluscal etc. In view of this leaves have been explored through several
advanced techniques like phyto-extraction of heavy metals,
phytoremediation of particulate pollution and many others. Various studies
on phytoconstituents and chemical composition of leaves have been reported
in last few decades. The present review aims an exploration of
pharmacognostical, phytochemical and pharmacological studies of Carica
papaya Linn. leaf till now.
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INTRODUCTION: Carica papaya Linn. is such a
marvelous plant, possesses various medicinal
properties making it unique among other 22 species
of family Caricaceae. It is believed to be originated
in the tropics of the Americas, perhaps in southern
Mexico and neighbouring Central America. It is
polygamous specie and can be specified only at the
time of flowering. It exhibits varying degrees of
sex reversal . The various parts of this plant are
used for curing different ailments.
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Leaves are the most useful part among all used
parts for the medicinal purpose. Fomenting breast
with hot papaya leaves increases breast milk.
Infusion of the fresh leaves is gargled to cure
tonsillitis, ulcerative stomatitis, and gingivitis.

Applying the lotion of the leaves stops bleeding
and shrinks the haemorrhoids 2. The tender leaves
are used as spinach. Leaves are smoked and inhaled
in place of tobacco for the relief in asthma. These
are believed to be cardiotonic and also promote
sweating hence used in fever also. A fine paste of
young leaves (5 - 6 g) is taken internally in severe
cases of jaundice. The infusion of tender leaves is
used for various urinary complaints and gonorrhoea
5. The fresh leaves are used for dressing foul
wounds as a poultice for sores etc. Dried leaves
infusion induces purgation and abortion.
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In addition to that lots of activities on leaves are
reported with scientific data recently. It normalizes
the pulse rate in fever and acts as diuretic when
administered as decoction *. It is attributed to
exterminate cough and respiratory, liver and spleen
related diseases as well as useful in loss of appetite
and oedema °. Leaves of Carica papaya L. are used
in severe jaundice ® (Reddy, 1986; Raja reddy,
1988), to expel guinea worm ’ (Raj and patel
1978), as a poultice ® (Banerjee and Banerjee,
1986); in fracture healing ® (Pal and Srivastava
1976), constipation and indigestion *° (Megoneitso
and Rao, 1983). It has been used to treat oral
candidosis, malaria, dengue, yellow fever ' and as
a diuretic in dengue related anaemic 2 1% 1°,

Various Ayurvedic texts quote Carica papaya L.
with different synonyms viz. Erandachirbhit *® *'.
Vrksacirbhita, Nalikadal '/, Gopalakarkati *,
Visapatra °, Nalaparni, Kasakarkati, Ksirasrava,
Suklapuspi, and Erandapatrika > and Erandakarkati.
The fruits are specifically termed as kumbhaphala
and madhukarkati *’. It is aphrodisiac, tonic and
pacifies the tridosh (three basic components of
body i.e. Vata, Pitta and Kapha) . These
synonyms have been prearranged in order to denote
different aspects of this plant. Apart from various
differences somewhat external morphological
appearances of plant and its parts resemble with
Ricinus communis Linn. (Eranda), Cucumis
momordica Roxb. (Cirbhita) and Luffa species
(karkati) which seems to be the foremost base of
the synonyms ascribed for Carica papaya L. i.e.
Erandachirbhit *’ Vrksacirbhita o Gopalakarkati ‘
Kasakarkati, and Erandapatrika > and Eranda-
karkati. The synonym Visapatra °, has been given
to it due to some poisonous material containing
leaves (seems to explaining pharmacological
quality) whereas the synonym Nalikadal and
Nalaparni attributed to it due to long and hollow
petioled (Nala) leaves (Parni or Dal). On the basis
of its milky exudation it is said Ksirasrava and has
been termed as Suklapuspi because of its white
colored flowers.

Pharmacognostical Studies: The papaya is a
small, usually a single stemmed tree with sparsely
branching. It grows from 15 - 30 ft tall having
leaves spirally arranged and confined to the top.
The lower trunk contains conspicuous scars of
leaves and fruits.
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The leaves are deeply palmately lobed with seven
lobes, large, 50 - 70 cm (20 - 28 in) in diameter.
The trees are dioecious containing latex in all parts.
The flowers are highly dimorphic having 5 parts
and, the stamens fuse to the petals of male flowers.
A superior ovary and five contorted petals remain
present in female flowers. Male and female flowers
remain in the leaf axils. The sweet-scented flowers
remain open at night. It bears a large berry-like
fruit with 10 - 30 cm diameter and 15 - 40 cm long.

The analysis and documentation of Carica papaya
Linn. leaves have been done for the development of
quality standards. The microscopic study reveals
the presence of epidermis, collenchymas and
parenchyma, sclerenchyma, xylem, phloem, and
pith was found to be absent. Successive extractive
value has been found highest in petroleum ether
extract 20.44%. Moisture content found to be
7.77% whereas mean ash values were 16.72%
(total), 3.25% (acid insoluble ash) and 6.05%
(water-soluble ash) *°. Abundance of spheraphides
and rhomboidal calcium oxalate crystals and starch
grains are reported in leaf powder. No trichomes
found whereas the stomatal index was found to be
31.56 + 3.41, vein termination number 3-4 and
palisade ratio as 12.65 + 1.57.14 %°,

Phytochemical Studies: The popularity of herbs in
traditional medicine has been linked to their higher
likelihood of containing pharmacologically active
compounds compared to woody plant forms 2 %
Studies report that leaves are the most widely used
parts of plant 2. The leaves of Carica papaya L.
contain the alkaloid carpaine 2*, pseudocarpaine®
and dehydrocarpaine 1 & I The alkaloid
Carpaine (first isolated by Greshoff in 1890), has
been found to possess antitumor activity in-vitro
against mouse lymphoid leukemia L1210,
lymphocytic leukemia P388 and Ehrlich ascites
tumor cells. It also shows anti tubercular activity
against Mycobacterium tuberculosis H37 Rv. It is a
heart poison and lowers the pulse frequency and
depresses the CNS. It is reported to be a potent
amoebicide *.

Pseudocarpaine is isomeric with carpaine only
difference is in the configuration at the alcoholic
carbon atom. It differs from carpaine in melting
point and rotation %°.
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Presence of choline and carposide, anthraquinone,
vitamin C and vitamin E are also reported. These
molecules have a wide range of biological
activities. Leaves of plants have been reported to
accumulate insulin, tannins and other alkaloids
which mazy be responsible for their medicinal
properties %,

Seven flavonoids including quercetin  3-(2G-
rhamnosyl-rutinoside), kaempferol 3-(2G-rhamno-
syl-rutinoside), quercetin 3-rutinoside, myricetin 3-
rhamnoside, kaempferol 3-rutinoside, quercetin,
and kaempferol have also been reported and has
been assessed for their antioxidant activities 2”. The
flavonols and alkaloidal fractions are reported by
HPLC-based activity profiling. Among flavonol
type four were found as — manghaslin, clitorin,
rutin, and nicotiflorin and the alkaloid fraction
constituted five compounds which were isolated as
piperidine alkaloids *®.

The extractive yields of leaf tissue remains less
than that of other plant parts i.e. ripe and unripe
fruits . The chemical analysis of leaves of Carica
papaya L. growing in the semi-arid zone has also
been done through the most reliable and accurate as
well as non-destructive and consistent method for
analysis for major and traces elements i.e. EDXRF.
The leaves were subjected to Energy Dispersive X-
ray Fluorescence (EDXRF) and then analyzed for
different mineral composition. The higher amount
of that oxygen 87%, calcium (4.47%), magnesium
(3.37%) potassium (1.49%) was found, compared
to that of other elements. Some other elements like
silicon, (0.805%) aluminum, phosphorus, chloride,
sulphur, stannous, strontium, also found but in less
amount. The element like chromium (0.0129%) has
also been quantified in it, whereas heavy metals
like zinc (0.0039%), manganese (0.0031%), copper
(0.0017%) and rubidium (0.0015%) were also
noted to be present in the leaves of C. papaya.
Vanadium, Titanium, Cobalt, and Tantalum remain
absent in it *°.

Pharmacological Studies:

1. Antithrombocytopaenic Activities: Carpaine is
reported to exhibit potent activity in sustaining
platelet counts up to 555.50 + 85.17 x 10%L on
busulfan induced thrombocytopenic Wistar rats
exhibiting no acute toxicity In order to
determine the platelet count increasing potency
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Carica papaya L. leaf extract a study was carried
(Singhal Abida et al., 2013) in a murine model.
Results were very significant as increased platelet
and RBC count in the test group compared to that
of controls was observed. Starting from day 3 (3.4+
0.18 x 10°/mil) the platelet count increased to
almost fourfold higher at day 21 (11.3 x 10%/mil) in
test group which was almost more than double in
comparison to control. The RBC also increased
significantly. Hence, through this study, the
conclusion was made to appreciate the
recommendation of Carica papaya L. leaf extract
to boost thrombopoiesis and erythropoiesis in
humans and animals where these cell lineages have
been compromised *,

Regarding the role of Carica papaya L. leaves in a
patient suffering from dengue fever, a case study
has also been discussed (Nisaar et al., 2011). The
45-year-old patient suffering from dengue fever
was administered with 25 ml aqueous extract of
Carica papaya L. leaf twice a day for 5 consecutive
days. Pre and post-treatment blood samples were
analyzed for platelet count, WBC, and neutrophils.
PLT count increased from 55 x 10° ul to 168 x 10°
ul. Hence threefold increase in PLT, twofold in
WBC and 70% increase in neutrophils were
observed. So it was concluded from patients feeling
and blood reports that Carica papaya L. leaves
aqueous extract exhibit potential activity against
dengue fever *.

2. Analgetic Activity: The three extracts of leaves
of Carica papaya L. have been evaluated for their
analgesic activity in mice model having acetic acid-
induced pain (Siegmund method).These three
extracts (n-hexane, ethyl acetate, and ethanol
extracts) exhibited significant analgesic activity at
all the three dose levels (0.175, 0.35 and 0.70
mg/kg bw orally) when compared to aspirin (taken
as the standard drug) .

3. Antiplasmodial Activity: Leaf extracts of
Carica papaya L. exhibit high antiplasmodial
activity with low cytotoxicity. This activity is
shown by three alkaloids " ® °. Compounds were
tested for bioactivity in-vitro against four parasites
(Trypanosoma brucei rhodesiense, Trypanosoma
cruzi, Leishmania donovani, and Plasmodium
falciparum), and in the Plasmodium berghei mouse
model.
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This study concludes that the antiplasmodial
activity of papaya leaves was confirmed and might
be linked to alkaloids. Among these alkaloids,
carpaine was highly active and selective in-vitro %.

4. Antitumor and Immunomodulatory Activity:
A study has been completed to assess the antitumor
and immunomodulatory activity of Carica papaya
L. leaf aqueous extract. In this study, the effects of
Carica papaya L. extract on the proliferative
response of tumor cell lines were observed.
Through [3H] thymidine incorporation the
cytotoxic activities of human peripheral blood
mononuclear cells (PBMC) was also assessed.
Results were indicative of significant growth
inhibitory activity of this extract on tumor cell
lines. As far as PBMC concerned the leaf extract
reduced the production of IL-2 and IL-4.

The expression of 23 immunomodulatory genes
was enhanced by this extract. Index markers of
immunomodulatory effects were also found.
Conclusively this study revealed that the Carica
papaya L. leaf extract may mediate a Th-1 type
shift in the human immune system. The extract
may potentially provide a link for treatment of
carcinoma, allergic disorders and serve as immuno-
modulator in human *. The antiproliferative
response of Carica papaya L. leaf juice has been
assessed on a range of cell lines representing
benign hyperplasia, tumorigenic and normal cells
of prostate origin. A time course analysis of before
and after in-vitro digestion and of the molecular
weight based fraction of leaf juice showed
significant antiproliferative response.

The cytotoxic effect of medium polarity fraction of
leaf juice (0.03-0.003 mg/mL) was seen on all
prostate cells excepting of the normal cells. The
medium polar fraction has also been found to
inhibit migration and adhesion of metastatic PC-3
cells. The S phase cell cycle arrest and apoptosis
were thought to be a possible mechanism for these
activities on the basis of flow cytometric study.

Hence this study reports about the antiproliferative
and antimetastatic properties of Carica papaya L.
leaf extract against prostatic diseases including PCa
% Pproliferative Activity of Saponin-Reducing
Carica papaya L. leaves extracts on human lung
fibroblast cell (IMR90) has also been studied *'.
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5. Antidiabetic Activity: A study regarding the
assessment of antidiabetic activity of Carica
papaya L. leaf extract was carried out in an
experimental rat model. The chloroform extract
which consist steroid and quinines was adminis-
tered at various dose levels in streptozotocin-
induced diabetic and non-diabetic rats. After 20
days of treatment, the sacrifice was done and the
biochemical study was carried out. There was a
significant reduction in serum glucose, trans-
aminases and triglyceride observed in diabetic rats
after the administration of Carica papaya L. leaf
chloroform extract. This study concludes the
potential activity of C. papaya leaf to treat the
symptoms of diabetic patients *®.

6. Antimicrobial activity: In order to investigate
the antimicrobial activity of different extracts of
leaves of Carica papaya L. (Baskaran et al., 2012),
it was observed that the ethanol, methanol, ethyl
acetate, acetone, chloroform, petroleum ether,
hexane and aqueous extract showed activity against
bacteria and fungus. Among these extracts, the
chloroform extract was found more active against
Micrococcus luteus bacteria whereas acetone
extract was more active against Candida albicans
fungus.

Hence it was concluded that extracts of Carica
papaya L. leaves possess antibacterial and
antifungal  activity against several human
pathogenic bacterias and fungi *. The 20%
aqueous and alcoholic extracts of leaf was screened
for antibacterial activity against Staphylococcus
aureas and Escherischia coli (George et al., 1947)
%0 Carpine isolated from plant exhibited slight
inhibitory activity against M. tuberculosis H37Rv
(Ramaswamy and Sirsi, 1960, 1967) * *2. The leaf
extract inhibited the growth of ring worm causing
fungi, Epidermophyton floccosum (52.37%),
Trichophyton  mentagrophytes  (24.3%) and
Microsporum gypseum (20.32%) (Mishra et al.,
1991) *,

The aqueous extract of leaves showed 30 and 40
percent mycelia inhibition of Aspergillus flavns and
A versicolor respectively (Dubey et al., 1982) *
and mycelia inhibition of skin disease causing
fungi Trichophyton rubrum and Epidermophyton
floccosum (Kishore and Dubey, 1988) *°.
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The aqueous leaf extract in another study showed
growth and spore production of three fungal
pathogens of rice, Pyricularia oryzae, Drechslera
oruzae and Corticium sasakii (Tewari and Dath,
1984) “°. The three phytopathogenic fungi:
Colletotrichum gloeosporioides, R. stolonifer and
Fusarium spp. were subjected for assessment of the
antifungal activity of Carica papaya L. leaf and
seed extracts (Seed ripe extract, Seed unripe
extract). Among them, the broadest action spectrum
was exhibited by the leaf extract. The MIC 50
(minimum inhibitory concentration 50) for the leaf
extract was found to be >10 mg ml™* for C.
gloeosporioides and 0.625 mg ml™ for Fusarium

Spp.

Approximately 20% mycelial growth inhibition
was observed in both. Hence the ethanolic extracts
from leaves of Carica papaya L. may be taken as a
potential antifungal agent having the source of
secondary metabolites . The antifungal activity of
aqueous extracts of leaves has also been found
against Colletotrichum gloeosporioides *’. The
antimalarial activity of Carica papaya L. leaves
extract has also been established through a study
(kovendan et al., 2012). During this study, the
activity of ethanol extract on blood stages of CQ
sensitive and CQ resistant strains against
Plasmodium falciparum (target species) was
assessed.

The highest larval mortality was observed in first to
fourth instars larvae and pupae were evaluated. The
plant extract exhibited moderate to good
antiparasitic effects. In four concentrations the
extract showed promising inhibitory activity
against the CQ sensitive strain and in CQ resistant
to P. falciparum. The result concluded that the
Carica papaya L. leaf ethanol extract has the
potential to be used as an ideal eco-friendly
approach for the control of vector mosquitoes “%.

Leaves are reported to support the growth and
development of the larvae of the pest Diacrisia
oblique (Deshmukh et al., 1979) *. An alcoholic
extract of the leaves was found to inhibit the
growth of Neurospora crassa whereas the extracts
of leaves and fruits show antibacterial activity
against several bacteria. The alcoholic extract of
the leaves also possesses molluscicidal activity
against Bulinus globosus *°.
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7. Anthelmintic Activity: After performing
epidemiological survey for relevance of guinea
worm infection it was found to be 2.85% and more
common in males. A paste of leaves of the plant
with opium and common salt applied for 3 days
was helpful in relief of symptoms and easy
extraction of worms from the body (Sanghvi, 1989)
L %2 The leaf extract of papaya showed light
mortality against meloidogyne incognito and
Rotylenchulus reniformis nematodes (Mahemood et
al., 1979) >,

8. Central and Cardiovascular Effects: The
alcoholic extract of leaves (10 mg/kg ip) showed
dose dependent sedative effect in male rats. The
extract (5 mg/kg ip) induced central muscle
relaxation. The extract at dose of 50 mg/kg ip
completely protected the rats against pentylene-
tetrazol induced seizures, while 50 percent
protection was observed with dose of 5 mg/kg ip.
The extract at dose of 100 and 200 mg/kg ip
showed 100% protection against maximum
electroshock induced convulsions. The behavioral
effects of extract were associated with an initial
desynchronization of EEG and increased activity of
EMG (Gupta et al., 1990) **. The leaf extract
showed cholinestrage activity (Gupta and Gupta
1997) *°.

The major alkaloid found in leaves carpaine has
been reported for cardiovascular effects using
Wistar rats *°. Increased dosage of carpaine showed
progressive decrease in systolic, diastolic, and
mean arterial blood pressure. Atropine sulfate (1
mg/kg) or propranolol hydrochloride (8 mg/kg)
also did not change the circulatory response to
carpaine. Carpaine in 2 mg/kg dosage is reported to
reduce cardiac output, stroke volume, stroke work,
and cardiac power, but has no effect on total
peripheral resistance.So it can be said that carpaine
affects the myocardium *’.

9. The Anti-inflammatory Activity: The ethanolic
extract of Carica papaya L. leaves have been also
investigated for its anti-inflammatory activity in
rats using paw oedema (carrageenan test),
formaldehyde induced arthritis models and cotton
pellet granuloma. Experimental animals were
treated with 25 - 200 mg/Kg (orally) of the extracts
or saline (control group) and the reference group
was given indomethacin 5 mg/Kg bw.
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The ulcerogenic activity of the extract was also
investigated. It was observed that there was a
significant (p<0.05) reduction in paw oedema in the
carrageenan test. A significant reduction in the
amount of formation of granuloma (from 0.58 +
0.07 to 0.22 + 0.03 g.) was also observed. The
extract exhibited a significant reduction in
persistent oedema from the 4™ day to the 10" day
of the investigation was observed in formaldehyde
arthritis model. Slight mucosal irritation has also
been seen at high doses of extract. Conclusively the
anti-inflammatory activity of Carica papaya L.
leaves has been established ®.

10. Nephroprotective Activity: A study dealing
with nephrotoxicity of Pb (Il) and its amelioration
through Carica papaya L. leaves powder has been
done in experimental rats. In Pb(ll) ions 1.000
mg/L i.p administered rats experimental rats the
increased levels of serum biochemical parameters
and oxidative stress including SGPT, SGOT, urea,
creatinine, and malondialdehyde were seen.
Whereas pre-treatment with papaya leaves powder
reduced the levels of SGPT, SGOT, urea,
creatinine, and malondialdehyde significantly,
compared to Pb(ll) treated group only. Pb(ll)
exposure induced severe necrosis of kidney cells
and swelling of tubular cells whereas pre-treatment
with C. papaya leaves powder reduced the damage
effects. It has been concluded from this study that
pre-treatment with C. papaya leaves powder
antidote to serve preventive effects against Pb(ll)
induced nephrotoxicity in experimental rats >°.

11. Wound Healing Activity: The wound healing
competence of Carica papaya L. leaves powder has
been evaluated in an experimental study. Here the
propylene glycol was taken as control check and
the rate of wound closure; wound contraction,
fibroblast cell count, and histology of granulation
tissue were the assessment criteria. The
insignificant wound contraction was noticed. But
significant wound closure and fibroblast cell count
were observed in Carica papaya L. leaves powder
treated group. As a conclusive remark, this study
provides a scientific background for leaves of
Carica papaya L. having remarkable wound
healing potential ®.

Due to platelet increasing property of the leaves of
Carica papaya L., various supplements having it as
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a content are nowadays being marketed rapidly. On
average reviews indicate that various manu-
facturing techniques used in several marketed C.
papaya leaves formulations may degrade the
phytochemical which will suppress the beneficial
effects of this component. Hence the traditional
method of its presentation should be made in
practice but it also needs some more updations °*.

CONCLUSION: Herbal products are preferred as
a symbol of safeguard in comparison to synthetic
one which shows various untoward effects on
health. The present literature review supports the
broadness of activity present in the leaves of
Carica papaya. The advanced phytochemical
analysis entails us the presence of a variety of
active molecules which may be responsible for its
various biological activities. More research can be
done to explore the unknown and unexplored
potential of leaves of Carica papaya L. Further
analysis of leaves of Carica papaya L. (active
compounds) can be carried out by way of making
use of different advanced investigative methods.
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