ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/353894499
Nutraceutical value of Carica papaya: A review

Article in Scientific African - August 2021

DOI: 10.1016/j.sciaf.2021.00933

CITATIONS READS
5 607
2 authors:
5 Joachim Dotto Siri Abihudi
< The Nelson Mandela African Institute of Science and Technology Muhimbili University of Health and Allied Sciences
5 PUBLICATIONS 76 CITATIONS 8 PUBLICATIONS 70 CITATIONS
SEE PROFILE SEE PROFILE

Some of the authors of this publication are also working on these related projects:

Project Student projects Ethnobotany View project

I am working on my PhD project entitled "Application of mollecular and modelling tenchiques for conservation of Aloe species in Tanzania". | have found this book to be
Proje
“ useful in mophological identification of Aloe species. View project

All content following this page was uploaded by Joachim Dotto on 28 September 2021.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/353894499_Nutraceutical_value_of_Carica_papaya_A_review?enrichId=rgreq-084e8e2e6b7a3e549e42ccaad5eeb65c-XXX&enrichSource=Y292ZXJQYWdlOzM1Mzg5NDQ5OTtBUzoxMDcyOTEzNDkwOTI3NjE3QDE2MzI4MTM5MTg2NjA%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/353894499_Nutraceutical_value_of_Carica_papaya_A_review?enrichId=rgreq-084e8e2e6b7a3e549e42ccaad5eeb65c-XXX&enrichSource=Y292ZXJQYWdlOzM1Mzg5NDQ5OTtBUzoxMDcyOTEzNDkwOTI3NjE3QDE2MzI4MTM5MTg2NjA%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Student-projects-Ethnobotany?enrichId=rgreq-084e8e2e6b7a3e549e42ccaad5eeb65c-XXX&enrichSource=Y292ZXJQYWdlOzM1Mzg5NDQ5OTtBUzoxMDcyOTEzNDkwOTI3NjE3QDE2MzI4MTM5MTg2NjA%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/I-am-working-on-my-PhD-project-entitled-Application-of-mollecular-and-modelling-tenchiques-for-conservation-of-Aloe-species-in-Tanzania-I-have-found-this-book-to-be-useful-in-mophological-identificati?enrichId=rgreq-084e8e2e6b7a3e549e42ccaad5eeb65c-XXX&enrichSource=Y292ZXJQYWdlOzM1Mzg5NDQ5OTtBUzoxMDcyOTEzNDkwOTI3NjE3QDE2MzI4MTM5MTg2NjA%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-084e8e2e6b7a3e549e42ccaad5eeb65c-XXX&enrichSource=Y292ZXJQYWdlOzM1Mzg5NDQ5OTtBUzoxMDcyOTEzNDkwOTI3NjE3QDE2MzI4MTM5MTg2NjA%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Joachim-Dotto?enrichId=rgreq-084e8e2e6b7a3e549e42ccaad5eeb65c-XXX&enrichSource=Y292ZXJQYWdlOzM1Mzg5NDQ5OTtBUzoxMDcyOTEzNDkwOTI3NjE3QDE2MzI4MTM5MTg2NjA%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Joachim-Dotto?enrichId=rgreq-084e8e2e6b7a3e549e42ccaad5eeb65c-XXX&enrichSource=Y292ZXJQYWdlOzM1Mzg5NDQ5OTtBUzoxMDcyOTEzNDkwOTI3NjE3QDE2MzI4MTM5MTg2NjA%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/The-Nelson-Mandela-African-Institute-of-Science-and-Technology?enrichId=rgreq-084e8e2e6b7a3e549e42ccaad5eeb65c-XXX&enrichSource=Y292ZXJQYWdlOzM1Mzg5NDQ5OTtBUzoxMDcyOTEzNDkwOTI3NjE3QDE2MzI4MTM5MTg2NjA%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Joachim-Dotto?enrichId=rgreq-084e8e2e6b7a3e549e42ccaad5eeb65c-XXX&enrichSource=Y292ZXJQYWdlOzM1Mzg5NDQ5OTtBUzoxMDcyOTEzNDkwOTI3NjE3QDE2MzI4MTM5MTg2NjA%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Siri-Abihudi?enrichId=rgreq-084e8e2e6b7a3e549e42ccaad5eeb65c-XXX&enrichSource=Y292ZXJQYWdlOzM1Mzg5NDQ5OTtBUzoxMDcyOTEzNDkwOTI3NjE3QDE2MzI4MTM5MTg2NjA%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Siri-Abihudi?enrichId=rgreq-084e8e2e6b7a3e549e42ccaad5eeb65c-XXX&enrichSource=Y292ZXJQYWdlOzM1Mzg5NDQ5OTtBUzoxMDcyOTEzNDkwOTI3NjE3QDE2MzI4MTM5MTg2NjA%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Muhimbili_University_of_Health_and_Allied_Sciences?enrichId=rgreq-084e8e2e6b7a3e549e42ccaad5eeb65c-XXX&enrichSource=Y292ZXJQYWdlOzM1Mzg5NDQ5OTtBUzoxMDcyOTEzNDkwOTI3NjE3QDE2MzI4MTM5MTg2NjA%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Siri-Abihudi?enrichId=rgreq-084e8e2e6b7a3e549e42ccaad5eeb65c-XXX&enrichSource=Y292ZXJQYWdlOzM1Mzg5NDQ5OTtBUzoxMDcyOTEzNDkwOTI3NjE3QDE2MzI4MTM5MTg2NjA%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Joachim-Dotto?enrichId=rgreq-084e8e2e6b7a3e549e42ccaad5eeb65c-XXX&enrichSource=Y292ZXJQYWdlOzM1Mzg5NDQ5OTtBUzoxMDcyOTEzNDkwOTI3NjE3QDE2MzI4MTM5MTg2NjA%3D&el=1_x_10&_esc=publicationCoverPdf

Scientific African 13 (2021) e00933

journal homepage: www.elsevier.com/locate/sciaf

Contents lists available at ScienceDirect

Scientific African

-

Nutraceutical value of Carica papaya: A review * n

Joachim M. Dotto®*, Siri A. Abihudi®

Check for
updates

aSchool of Life Sciences and Bio-engineering, Nelson Mandela African Institution of Science and Technology, P.O. Box 447, Arusha,

Tanzania

b Medical Botany, Plant Breeding and Agronomy, Muhimbili University of Health and Allied Sciences, P.O. Box 65001, Dar es Salaam,

Tanzania

ARTICLE INFO

ABSTRACT

Article history:

Received 23 December 2020
Revised 19 May 2021
Accepted 6 August 2021

Editor: DR B Gyampoh

Keywords:
Papaya seeds
Phytochemicals
Gastroprotection
Anticancer
Antimicrobial
Nutraceuticals

Papaya (Carica papaya L.), one of the extensively studied plants, belongs to the family Car-
icaceae. Papaya is commonly known for its nutritional and medicinal value worldwide.
Many parts of papaya plant such as roots, leaves, peels, fruits, and seeds have nutritional
and therapeutic significance. The aim of this review is to consolidate the evidence-based
information on papaya’s functional activities, collected from online databases (Scopus, Di-
mensions, Google Scholar, ScienceDirect, and Web of Science) up to December 2020. A
considerable literature is available detailing biomedical uses of different papaya plant parts
which made papaya a treasured nutraceutical plant. Papaya plant possesses valuable phy-
tochemicals such as phytosterols, tocopherols, flavonoids, alkaloids, and carotenoids. These
compounds with interesting nutraceutical properties play key roles in ameliorating and
treating some medical conditions such as inflammation, hyperglycemia, fertility-related
complications, hypertension and possess anticarcinogenic activities. However, further stud-
ies are warranted to validate the dosage, mode of actions, and safety profile of papaya

Antifertility seeds, peels, and leaves when used as medicine.
© 2021 The Author(s). Published by Elsevier B.V. on behalf of African Institute of
Mathematical Sciences | Next Einstein Initiative.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
Background

Carica papaya Linn is a herbaceous plant which belongs to the Caricaceae family. The plants grow well in the tropics
and can reach up to 10 m high [1]. In 2017, production of papaya reached 13 million metric tonnes with India and Brazil
contributing more in the global share, trailed by Mexico, Indonesia, Dominican Republic, and Nigeria [2]. Papaya fruit is
consumed either raw or in processed forms as jelly, candy, jam, and pickles [3]. More than 50 papaya varieties have been
recorded, but pure breeding varieties are decreasing due to the uncontrolled papaya pollination [4,5]. Many parts of pa-
paya plant such as roots, leaves, peels, latex, flowers, fruits, and seeds possess nutritional and medicinal significance [6].
The plant has been used as ethnomedicine for decades in tropics and subtropics where it is mostly grown [6,7]. The thera-
peutic motives for use vary, with probably the most common being anthelmintic and as a potential abortifacient agent [8-
10]. Papaya seeds and leaves have been associated with amelioration of diabetes mellitus, hepatic and renal complications,
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Table 1
Nutritional value in papaya fruits, seeds, peels, and leaf (mg per 100 g).

Parameter Nutritional value

Fruit [40-43] Seed [5,21,23,25,28,33]  Peel [23,33,44,45]  Leaf [19,26,46,47]
Moisture 85.32-90.66 2.40-9.83 68.39-86.80 59.5-64.00
Ash 0.28-0.38 6.94-10.6 3.15-11.85 1.97-11.30
Carbohydrate 7.76-13.44 8.4-27.6 9.67-38.35 10.37-58.30
Protein 0.36-0.45 24.3-31.80 6.86-20.20 16.08-29.50
Lipid 0.20-0.29 20.97-30.1 0.23-2.44 2.70-6.31
Dietary fiber 0.37-0.60 17.0-22.6 9.67-34.70 1.27-2.13
pB-carotene (pg/g) 208.67-4534.26  888.00 15.46-1940 -
Ascorbic acid (mg/g)  35.32-43.80 0.12-0.15 65.70-71.01 126.2
Sodium 6.79-9.53 39.80 9.61 0.03 g/kg
Potassium 18.36-24.78 743.30-1635.50 504.33-516.33 2.75
Iron 0.61-0.85 5.23-5.80 0.65-2.73 0.46-1.84
Calcium 27.88-32.48 725.00-8435.10 16.22-18.61 4.80-32.73
Zinc - 5.00-6.17 1.94-1.97 0.04-0.05
Phosphorus 11.54-16.81 566.9 221.54 -
Copper - 0.50-1.09 0.41 0.01-0.06
Manganese - 2.50-3.10 - 0.12-0.66
Magnesium 9.45-13.63 218.80-332.50 19.11 16.18

‘=’ — data not available. Some data have been converted to be expressed as mg/100 g unless stated otherwise

fertility, hyperglycemia, amoebic dysentery, and recently antitumor activities [7,11-13]. The densely-packed phytochemicals
in papaya seeds and leaves such as flavonoids, phytosterols, carotenoids, alkaloids, phenolic compounds, and the cyanogenic
compounds (benzyl glucosinolate) are reported to be behind the therapeutic power of the plant [3,12,14-18].

About twenty per cent of the fresh mass of papaya fruit is seeds. Papaya seeds are usually discarded during fruit pro-
cessing regardless of being therapeutically valuable [19]. The seeds are rich in unsaturated lipids and can be an alternative
source of essential oil [20,21]. Both the seeds and leaves contain protein, dietary fibers, phytochemicals, antioxidants, and
minerals [19,22,23]. A substantial quantity of protein in papaya leaves make them appropriate for the enhancement of the
high-carbohydrate-foods while available fiber content may smoothen bowel movement [19,24] Furthermore, papaya seeds
are used as a substitute for black pepper in food preparation due to its spicy and pungent taste.

For the last three decades, researchers have turned their attention to study the efficacy of ethnomedicines as a cure, the
mode of actions by which they may be effective, and the possible bioactive compounds behind their functional effects [1,15-
18]. The present review highlights therapeutic properties of C. papaya seeds, peels and leaves as linked to the molecular roles
to determine their potential impacts on selected disease conditions as a nutraceutical food ingredient. It also identifies the
knowledge gaps and provide a scientific base and course for prospective studies.

Methodology

We searched online databases (Scopus, Dimensions, Google Scholar, ScienceDirect, and Web of Science) using these key-
words: chemical or nutritional composition; gastrointestinal ulcers; tumor or cancer; sickle-cell, helmithes; antimicrobial
or antifungal; hypoglycemia or diabetes; liver or kidney; and infertility with “papaya” or “Carica papaya” in the search up
to December 2020. We identified additional relevant papers from related review articles identified in the primary search.
The disease conditions that were widely reported to be relieved or ameliorated with papaya or papaya-based products were
discussed in this review. The available literature, published only in English, assessing the relationship between the chemical
composition in papaya and disease conditions or ameliorative roles mentioned above were identified and used to compose
this review.

Chemical composition of Carica papaya fruits, seeds, peels, and leaves

Papaya fruits, seeds, peels, and leaves have nutraceutical values, which make them important in human diets. These
papaya parts are rich in macro- and micronutrients with varying degrees (Table 1). For example, the seeds and leaves contain
16-32% protein [5,19,21,23,25,26], regardless of the cultivars. The seeds contain a good amount of lipid (21-30%) [23,27,28],
and carbohydrate (8-58%) in seeds and leaves [5,19,21,23,26] making them good alternative energy sources which may
complement the undernourished populations.

Contrary to the fresh papaya seed with a strong spicy flavor, its oil has a unique aroma composition. The papaya seed
oil (20.97-30.10%) is enriched with lipophilic phytochemicals and essential fatty acids such as oleic acid (70.84-79.10%)
[5,21,27]. Oleic acid is widely identified as an anti-inflammatory agent and may even have positive effects on genes associ-
ated with tumor [29-31]. Palmitic, arachidic, linolenic, and stearic acids are other reported fatty acids in the seeds (Table 2).
The high levels of lipid in papaya seeds offer economical attraction for industrial consumption relative to other oilseeds,
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Table 2
Fatty acid profiles of C. papaya seed oil.
Nutrient Nutritional value  Reference
Fatty acid %
Lauric acid (C12:0) 0.01-0.40 [4,28]
Myristic acid (C14:0) 0.04-0.49 [4,20,21,25,28,48]
Palmitic acid (C16:0) 13.90-19.70 [4,16,28,33,48]
Palmitoleic (C16:1) 0.08-1.77 [20,21,25,28,48]
Margoric acid (C17:0) 0.10-0.13 [21,25,28]
Stearic acid (C18:0) 4.20-6.68 [16,19,28,33]
Oleic acid (C18:1) 70.84-79.10 [16,19-21,25,28]
Linoleic acid (C18:2) 0.04-6.06 [4,16,28]
Linolenic acid (C18:3) 0.17-0.90 [20,21,25,28]
Arachidic acid (C20:0)  0.38-1.10 [20,21,25,28,33]
Gadoleic acid (€20:1) 0.51 [48]
Table 3
Phytochemical profile of papaya seeds.
Phytochemical Nutraceutical value  Reference
Phenolics mg/ g [49]
p-Coumaric acid 0.35
Kaempferol-3-glucoside  0.12
p-Hydroxybenzoic acid 0.39
Quercetin-3-galactoside  0.16
Caffeic acid 0.43
Ferulic acid 0.62
Phytosterols mg /g [20]
Campesterol 1.0
Stigmasterol 0.6
B-Sitosterol 5.4
Other phytochemicals % [50]
Flavonoids 3.66
Alkaloids 7.25
Phytates 0.15
Steroids 0.49
Terpenoids 133
Oxalates 2.33
Glycosides 9.17
Strobosteroids 0.28
Carotenoids 19.75
Anthraquinones 21.50
Phlobatannins 0.38

such as corn (4.2-6.0%) and soybean (17.0-21.0%) [32]. However, the edibility of this lipid is inconclusive so far, and there-
fore further characterization and safety studies are necessary before the commercialization of the oil for public consumption.

Studies have also revealed that the papaya seeds and peels are rich in minerals (K, Ca, P, and Mg) (Table 1). Minerals
are necessary for the optimal functioning of the physiological and metabolic systems of the human body [23,33]. Intake of
100 g of papaya seeds may provide the human body with 15%, 120%, 35%, 80%, 130%, 60%, 80%, and 70% of K, Mg, Fe, Zn,
Mn, Cu, P and Ca, respectively [34].

Papaya seeds and peels contain a notable amount of dietary fibers (Table 1). Dietary fibers are widely known for several
health benefits; they remove toxins out of the digestive system, and lower the levels of cholesterol [29,35]. Papaya peels
contain 68-87% moisture, 7.00-20.00% protein, 0.20-2.00% fat, and 3.00-12.00% ash [5,23,25]. These peels could also be
considered as a source of macro-minerals and trace minerals (Table 1).

Papaya seeds are a good source of phytochemicals. They contain valuable phytochemicals such as phenolics, toco-
pherols, phytosterols, and carotenoids (Table 3). Phytochemicals generally offer an array of beneficial properties from anti-
proliferation of cancer cells to shielding against cellular oxidative injury; they also reduce the risk of non-communicable dis-
eases’ incidence [15]. Phenolics, isothiocyanates, terpenes, phytosterols, flavonoids, and anthraquinones can scavenge reactive
molecules thus protecting the cellular environment against the damaging impacts of oxidative and inflammatory activities
of carcinogens [14,15,36-39].

Gastroprotective activity
Ulcers are one of the gastrointestinal tract disorders affecting millions of people globally [51]. Gastrointestinal ulcers

(GIU) are the result of erosion of the gastric or duodenal mucosa because of the excessive secretion of gastric acid or pepsin.
The main risk factor linked to GIU is Helicobacter pylori infections. Other factors are smoking, stress, alcohol, nutritional
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Table 4

Gastroprotective activities of extracts from different parts of C. papaya.
Model Dosage Significance Reference
In vivo ethanol-, acetic acid- 500 mg/kg methanolic PSE for Reduced the gastric lesion with 82% Pinto [53]
and indomethacin-induced 14d inhibition in ethanol model; 81%
gastric ulcer rat model inhibition in indomethacin model; and

acetic acid model showed a reduction
inulcerative symptoms by 84%

In vivo aspirin-induced ulcer 400 mg/kg aqueous extract of Lowered the ulcer index and lipid Ologundudu [57]
mice fresh, unripe, mature papaya peroxide levels in the rats

fruits for 7 d
In vivo ethanol- and 300 mg/kg methanolic and Both methanol and aqueous extracts Ezike [56]
indomethacin-induced gastric aqueous green papaya extracts possessed antiulcerogenic properties
ulcer rats and inhibited gastrointestinal

propulsion. The methanolic extract
showed more ameliorative effect
against indomethacin-induced ulcers,
while the aqueous extract
demonstrated a better
gastroprotective activity against
ethanol-induced gastric ulcers with no

toxicity

In vivo ethanol-induced peptic 20 mL/kg ripe papaya juice Extract combination displayed Nilugal [51]
ulcer adult female albino rats mixed with 5 mL/kg cumin significant anti-ulcerogenic property

seed extract for 8 d
In vivo ethanol-induced peptic 450 mg/kg of aqueous PLE for Showed significant reduction of Indran [54]
ulcer adult male 30 min post-treatment oxidative damage and protection to
Sprague-Dawley rats the gastric mucosa in rats
In vivo ethanol-induced ulcer 100 mg/kg of aqueous PSE for Protected the gastric mucosa against Okewumi and Oyeyemi
adult albino male rat model 14 d ethanolic adverse actions. Also, [52]

lowered the gastric acidity

deficiencies, the use of acetylsalicylic acid (ASA) and non-steroidal anti-inflammatory drugs (NSAIDs) such as aspirin and
ibuprofen have also long been implicated in causing gastric mucosal injury [51-53]. The management of H. pylori infection
has improved drastically two decades ago; nevertheless, over the same period, the use of ASA and NSAIDs has correspond-
ingly increased [52-54]. Ulcers not related to H. pylori infection or the use of NSAIDs are now also imposing considerable
diagnostic and therapeutic challenges [53]. Gastrointestinal ulcers are a global problem with a lifetime risk of development
ranging from 5 to 10% [51]. Suprisingly, the problem is four times more common in men than in women [53].

Several in vivo studies have shown the gastroprotective properties of papaya extracts on various ulcerogenic damages
such as papaya seed extract (PSE) on peptic ulcers [55]. Similarly, papaya leaf extract (PLE) significantly reduced the alcohol-
induced acute gastric ulcers and oxidative stress in rats [54]. In another study of thirty-two (32) male mice with ethanol-
induced gastric ulcers were administered with PSE [52]. Findings revealed that the PSE shielded the mucosa destruction
against alcohol damage. The same study reported that PSE substantially decreased the volume of gastric juice and gastric
acidity in a dose-response fashion. The gastroprotective activity of C. papaya extracts is presented in Table 4. Another exam-
ination of gastroprotective potential of the methanolic PSE showed that PSE ameliorated the gastric lesion with increased
mucus release and gastric pH and no signs of toxicity when rats with ethanol- and indomethacin-induced gastric ulcers were
used in the study [53]. The study further reported that the sulfhydryl compounds in the extracts were probably responsible
for these antiulcerogenic activities. Furthermore, Ezike [56] reported that both aqueous (AE) and methanol (ME) extracts of
entire immature papaya fruit possess antiulcerogenic effects using indomethacin- (IIU) and ethanol- (EIU) induced ulcers
models in mice. While the ME showed better ameliorative effect against IIU, the AE worked well against EIU. The extracts
also notably prevented gastrointestinal propulsion, with ME displaying superior activity.

From the overview above, it can be noticed how papaya plant parts carry potential in amelioration and protection of
some gastroduodenal ulcers in animal models. No lethality or signs of acute toxicity were reported in the animal model.
This might inconclusively suggest the safety profile of the papaya extracts, though further investigations are warranted to
approve the safety aspect of the PSE and PLE. Since preliminary examinations show promising results, there is a room for
further studies of the gastroprotective potential of this plant in clinical setups. Furthermore, the molecular mechanisms
involved in the gastroprotective activity of papaya extract are multifaceted, therefore several experimental models should be
employed to profile the principal and specific anti-ulcerogenic agents and establish their gastroprotective mechanisms.

Antitumor activity

Tumors result from irregular growth of tissue mass due to the uncontrolled cell cycle [58]. The irregular growth of cells
demonstrates as either non-cancerous or cancerous tumors. Cancer killed about 9.6 million people globally in 2018 [59].
While 20% of men and 16.7% of women worldwide develop cancer during their lives, about 12.5% of men and 9% of women
die from the disorder [60].
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breast cancer

Table 5
Antitumor effects exerted by papaya extracts.
Cell line Model Dosage Significance References
Human preadipocytes In vitro 2 mg/mL of PSE Showed cytoprotective effects Somanah [62]
(SW872) and Hepatocellular cultures against oxidative stress and
carcinoma (HepG2) cells inflammation
Benign tumor In vitro 0.01-1 mg/mL juice of papaya Demonstrated Pandey [75]
(BPH1) and prostate epithelial cultures leaves anti-proliferative activity.
cells (RWPE 1) Significantly reduced the S
phase cell cycle arrest
Human prostate carcinoma In vitro 5, 10, 25 pl/mL aqueous PLE Reversed the expression of cell Singh [7]
(LNCaP, DU145, PC3) cells cultures cycle regulatory molecules
cyclin D1 and cyclin B1. Also,
induced apoptosis
Human hepatoma (HepG2) cell In vitro 50-500 pg/mL of methanol Suppressed oxidative stress Salla [65]
lines cultures and hexane PSE
Prostate cancer PC-3 cell line In vitro 50-250 pg/mL aqueous and Decreased cell proliferation of Alotaibi [74]
(CRL-1435) cultures alcoholic PSE PC-3 cells. Also stimulates the
growth of the pre-existing
prostate cancer cells
Human skin Detroit 550 In vitro 50-250 uM Showed protection of Panzarini [73]
fibroblasts cultures aqueous PSE fibroblasts from H;0;-induced
oxidative stress
Human erythrocytes In vitro 0.25-2.00 mg/mL methanol Inhibited cellular oxidative Okoko and Ere
cultures PSE stress [72]
Rat pancreatic cells In vitro 25 mL aqueous extract of Inhibited the effect of Oboh [71]
cultures green papaya peel and flesh Fet*-induced lipid
peroxidation
Liver In vitro 0.30-30 mg/mL papaya fruit Inhibited viability of liver Rahmat [64]
cancer cell line (HepG2) and cultures juice cancer cell line HepG2 but did
Chang liver cell line (normal not affect normal cells.
cell)
Acute promyelocytic leukemia In vitro 0.1-100 g/mL n-hexane Inhibited the superoxide Nakamura [11]
(HL-60) cells cultures extract of papaya seed release and the viability of
cells at a dose-response
manner
Breast cancer (MCF-7) cell line In vitro 50-640 pg/mL ethanolic Reserved cell growth Jayakumar and
cultures extract of papaya pericarp. Kanthimathi
[69]
Breast cancer cell line (T47D) In vitro Protein isolate Induced apoptosis Hirose [67]
from papaya leaves cultures
Acute promyelocytic leukemia In vitro 50 uL aqueous PSE Effective in impeding Nakamura [11]
HL-60 cells cultures superoxide production.
induced apoptosis
Human lung cancer H69 cells In vitro 1.25-20 pmol/L BITC from Anti-proliferative effect Li [66]
cultures papaya seeds against H69 cells in a
dose-response fashion
Tumor- associated In vitro 5, 10, 25 pl/mL aqueous PLE Positively modulated Singh [17]
macrophages cultures production of NO, H,0,,
TNF-a, and IL-6. Also,
upregulated the costimulatory
receptor CD80 in TAMs
Breast cancer (ER-/Her-2) cell In vitro 50-250 pg/mL aqueous PSE Showed anti-proliferative Hadadi [70]
lines cultures and PLE activity against ER-negative

Evidence suggests that phytochemical-extract-based trials of both human and animal trials demonstrated antitumor ac-

tivities [61]. Papaya extracts are no exception. Studies over the past three decades have provided important information
on antitumor properties of papaya extracts on an array of cancer cells such as Human pre-adipocytes (SW872) and Hep-
atocellular carcinoma (HepG2 and Huh-7) cells [62-65]; Tumor-associated macrophages [17]; Human lung cancer (H69)
cells [66]; Acute promyelocytic leukemia (HL-60) cells [11]; Breast cancer (T47D) cells [67], Breast cancer (ER- and Her-2)
cell lines [64,68-70]; Rat pancreatic cells [71]; Human erythrocytes [72]; Human skin Detroit 550 fibroblasts [73]. Prostate
cancer (CRL-1435, LNCaP, DU145, PC-3) cell lines [74] and prostate epithelial (RWPE-1) cells [7,75]; and Lung adenocarci-
noma (PC14) cells, Leukemia (K562) cells, T cell (Jurkat, Molt-4, Cervical carcinoma (Hela) cells and Human peripheral blood
mononuclear (PBMC) cells [63]. We summarize the antitumor activities and respective molecular targets for extracts of dif-
ferent papaya parts in Table 5. In a nutshell, papaya extracts showed promising activities in eight forms of cancer; lung,
prostate, skin, breast, blood, cervix, liver, and pancreas as highlighted above.

From the literature, it is evident that extracts of papaya leaves, seeds, and peels displayed anticancer potential through
the suppression of tumor growth, induction of apoptosis, inhibition of cell proliferation, and metastasis in some studied
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human cancer cells. The antitumor activity in seed, leaf, and peel extracts could be explained by the bioactive phytochemi-
cals such as benzyl isothiocyanate (BITC); phenolics, carotenoids, glucosinolates; and flavonoids, «-tocopherol, and lycopene.
Surprisingly, there is a limited number of studies that attempt to characterize the bioactive compounds responsible for an-
titumor properties and the mode of actions of the PSE and PLE so far in the available literature. This provides room for
further investigations of the antiproliferative activity of PSE and PLE to identify the mechanism of action and evaluate their
efficiency with novel models for exploring new treatment for tumor and cancer.

Anti-sickling activity

Sickle-cell disease is a hereditary blood condition which affects up to 3% of Africans [76]. The disease is caused by
possessing a specific hemoglobin molecule known as hemoglobin S, which results from abnormal protein in which the
glutamic acid at location six of its chain is substituted by valine [22,77-79]. Haemoglobin S forms polymers that aggregate to
tube-like fibers when deoxygenated [22,78]. As a result, this causes a remarkably colossal number of immature erythrocytes
cells with the crescent-shape, which prevents the oxygen from being effectively supplied throughout the body [80,81]. The
patient would experience shortness of breath, anaemia, paleness, abdominal pain, heart palpitations and muscular pains
[80].

The use of C. papaya in treating sickle cell patients has been described in several in vivo research studies. The five days
of ethanolic fermentation of unripe C. papaya fruit pulp gave an average of 87% inhibition and 74% reversal activities on the
erythrocyte’s cells. The anti-sickling activity tends to increase with increased incubation time when the methanolic extract
is used compared to chloroform [81]. Afolabi [80] documented the rise in the amount of normal erythrocytes cells by 98.7%
in comparison to the sickle blood cells (1.3%) when the methanolic extract on the ripe fruit was used. In another study,
there was no considerable difference in anti-sickling effect amidst the positive control with the ethanolic extract and NaOH
extract of ripe C. papaya fruits [82]. When petroleum ether leaves extract was used, it lowered the frequency of erythrocytes
cells lysis [83]. Moreover, the seed oil of C. papaya holds anti-sickling properties and likely to lessen suffering in sickle cell
patients [79-81].

The immature fruit of C. papaya is described to contain possible anti-sickling compounds such as tyrosine, glycine, and
phenylalanine. The anti-sickling activity of immature C. papaya fruit result from the presence of phenolic acids, aromatic
amino acids, and antioxidant compounds [79,83]. Clinical trials and formulations of potential papaya bioactive compounds
are important for the provision of relief to sickle cell patients.

Anti-thrombocytopenic and immunomodulatory activities

Immune thrombocytopenic purpura (ITP) is a common hematologic disorder in which the immune system act against
platelets autoantigens and causes it to be below average, which can lead to internal hemorrhage [84]. The standard num-
ber of platelets in the blood is between 150,000 - 400,000 platelets per micro-liter [84]. The ITP can be the outcome of
decreased thrombopoiesis in the bone marrow, amplified platelets exploitation in the liver, or platelet sequestration in the
spleen [85-87]. This condition is also the second prevalent hematological problem in at least 10% of pregnant women as the
result of physiological changes and obstetric conditions such as Low Platelet level syndrome, hemolytic uraemic syndrome,
and amniotic embolism [88]. It can also be triggered by infections resulting from viruses such as Dengue fever (DF), fungus,
or bacteria [89]. Dengue fever is an arthropod-borne flavivirus named dengue virus (DENV) spread by Aedes aegypti as the
vector in which 40% of the global population is at risk [90]. Consuming drugs that have blood-thinning properties such as
aspirin can also induce platelet aggregation in the blood plasma [91,92]. Although steroids are the first-line therapy for ITP,
splenectomy is sometimes performed on patients as last resort to reduce platelet damage [86].

The use of C. papaya leaves extract has demonstrated to be a potential alternative for chronic ITP when given to 4
patients while waiting for the second-line treatments [93]. When ITP was induced through the injection of a carboplatin
drug to Swiss albino mice, there was a substantial rise in platelets count among the group given the high concentration
of C. papaya leaves extract compared to low concentration and the control (distilled water) [94]. A clinical randomized
controlled trial revealed the significant increase in the platelets number (p < 0.003 [89], p < 0.01 [88], p < 0.001 [90] of
dengue viral-infected patients when C. papaya leaves juice was administered in contrast to the positive control when the
therapy was completed. In another study conducted in vivo on mice, there was a remarkable rise in platelet number (p =
0.00004), reaching four times higher on day 21 as to the comparison group [95]. Additionally, the increased synthesis of
thrombopoietic cytokines was observed, that is, a protein that regulates the production of platelets when exfoliated human
primary teeth were treated with immature C. papaya juice in vitro [96]. Ranasinghe [97] concluded that any compounds
that have a stabilizing effect on the plasma membrane would be able to protect the platelets from destruction.

Clinical researches are necessary to evaluate the effect of PLE in chronic ITP and pregnancy-related thrombocytopenia. To
minimize the number of patients requiring splenectomy, more research on how plants like C. papaya can regulate platelet
sequestration in the spleen is needed. Moreover, there is a need to identify the active compounds and their potential sites,
i.e., to increase thrombopoiesis in the bone marrow or reduce platelet sequestration in the spleen for ITP patients.

6



J-M. Dotto and S.A. Abihudi

Scientific African 13 (2021) e00933

Table 6
Antiparasitic activities of C. papaya extracts on the different human parasites.
Parasite Model Dosage Significance Reference
Ascaris lumbricoides Human clinical 20 mL of C. papaya seed Parasite stool clearance rate Okeniyi [106]
trial powder was 71%. No harmful effects to
the subjects were observed
Strongyloides stercoralis
Caenorhabditis elegans In vitro culture 20 mL of 0.06 seed crude Significant decrease in the Kermanshai
extracts viability of Caenorhabditis [103]
elegans by 90%.
Ancylostoma caninum In-vivo albino 0.2 mL papaya extract Reduced the number of larva Bi and Goya
mice within 24 h. Digested and [101]

Haemonchus spp.,
Trichostrongylus spp., Codperia
spp. and Oesophagostomum
spp.

In vivo test

350 mL of PLE and extract
from unripe fruit of C. papaya

removed the cuticle
Fecal egg count reduction by
60%

Bastiaensen
[108]

Haemonchus contortus In vitro culture 300-1200 pg/mL PSE for eggs Inhibited egg-hatching and Hounzangbe-
1200-2400 pg/mL PSE for morbidity of both larva and Adote
larval adult worms [99]
1200-2400 pg/mL PSE for
adult
Trichostrongylus colubriformis In vivo test 600 pg/mL PSE for larval Suppressed egg-hatching and Hounzangbe-
2500 pg/mL PSE for adult morbidity of larva and adult in Adote
a dose-dependent style [99]
Trypanasoma cruzi In vitro culture 50 mg/kg, 75 mg/kg Decreased the number of Odhong [18]
chloroform PSE parasites in growth stages
(blood trypomastigote and
amastigote)
Entamoeba histolytica In vitro culture Minimum Inhibitory Inhibit the growth of amoeba Tona [1]
Concentration (MIC) Tona [109]

< 8.0 pg/mL maceration of
mature seeds; 62.5 pg/mL
decoction of immature seeds

Antiparasitic activity

Anthelmintic properties

Intestinal parasites are among the global health issues with substantial economic implications, particularly in developing
world. In traditional medicine, the seeds of C. papaya have been utilized in the management of helminthes [10,98]. The leave,
seed, latex and fruit of C. papaya contain anthelmintic alkaloid and carpaine which are effective in expelling worms from
human alimentary canal [99-101] (Table 6). Studies report that the latex from the immature fruit of C. papaya expelled the
Hemogmosomoides polygyrus in a dose-dependent fashion in a study of infected mice conducted in-vivo [102]. In another
study, PSE was potent in killing all the Caenorhabditis elegans after 12 h of administration [103]. Additionally, there was
an in-vitro inhibition of eggs hutching (99%) and larvae (60%) when the dried leaves of C. papaya were used against the
gastrointestinal nematodes in sheeps [18]. In addition to their alkaloid effect, benzyl isothiocyanate (BITC) could explain
the parasiticidal properties of the seeds of C. papaya [104,105]. In another study, Okeniyi [106] stated a notable clearance
of intestinal worms (p = 0.00001) in the fecal sample of Nigerian children when C. papaya seeds were mixed with honey
when administered to the children compared to the control (honey alone). Although C. papaya seeds were successful in
expelling the worms, it resulted in side effects such as nausea and loose stools without such experience when the control
was used. These findings suggest that the papaya latex and seed extract have a potential anthelmintic property against
interior nematodes of various mammalian hosts.

Anti-protozoal properties of C. papaya

The inhibitory effect of the C. papaya extracts in different solvents was evaluated against protozoa parasites. The antipar-
asitic activities of C. papaya extracts on the various human parasites are detailed in Table 6. Odhong [18] stated a substantial
reduction in the number of Trypanasoma cruzi in an in-vivo study when the albino mice were treated with chloroform ex-
tract of C. papaya seed as compared to the positive control (allopurinol 8.5 mg/kg). Although C. papaya notably reduced the
T. cruzi load, it did not eradicate the protozoa during its active infection phase. The PSE also kills amoeba parasites. In a
study by Tona [1] reported that a Minimum Inhibition Concentration (MIC) of 7.81 pg/mL of PSE from mature seeds and
MIC of 62.5 pg/mL of PSE from immature seeds destroyed the amoeba parasites. Among others, the bioactives contained
in C. papaya seeds and leaves are benzyl isothiocyanate (BITC) and alkaloids, which is proven to hold anti-protozoal and
anti-amoebic properties [104,105]. The BITC is thought to be specifically responsible for the mitochondrial dysfunction of
amoeba [107].
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Antibacterial activity
Strain

Model

Dosage

Significance

Reference

Salmonella typhi

Salmonella typhi
Pseudomonas aeruginosa
Proteus mirabilis

In vitro culture

In vitro assay

50-200 mg/mL ethanolic PLE
and root extract (PRE)

50-200 mg/mL papaya root
methanol extracts

Exhibited the highest
antimicrobial activity

Proved the highest
antibacterial activity

Nirosha and
Mangalanayaki
[113]

Doughari [111]

Bacillus subtilis Invitro agar 25-75 pL aqueous PLE Significantly prevented growth Suresh [114]

Escherichia coli Klebsiella well diffusion by 60% of tested

pneumoniae Pseudomonas method microorganisms

aeruginosa Staphylococcus

aureus

Pseudomonas aeruginosa In vitro broth 50 mg/mL (MIC) methanolic Demonstrated higher Anibijuwon
dilution root extract (PRE) antibacterial activities and Udeze
method [110]

Escherchia coli In vitro culture 0.5 mg/mL hot aqueous extract Exhibited antibacterial activity Khanja [129]

of the ripe papaya peels

Antifungal activity

Candida albicans In vitro broth 4 - 16 pg/mL (MIC) and Exhibited inhibitory effect of He [118]

Candida parapsilosis dilution 16 - 64 pg/mL (MFC) of 19.4 mm and 33.2 mm,
method papaya seed oil (PSO) respectively

Candida albicans In vitro agar 5, 10 and 20 pg/mL Displayed inhibition activity Singh and Ali

Aspergillus  flavus diffusion methanolic PSE [126]

Penicillium citrinium bioassay

Candida albicans Turbidimetry 16 - 32 pg/mL PSE Exhibited apoptosis of Collignon [130]

assay C. albicans cell in a
dose-dependent manner

MIC - minimum inhibitory concentration
MFC - minimum fungicidal concentration

Antimicrobial and antifungal activities

Antimicrobial activity

Several studies show that PSE and PLE have antibacterial activity media [110-113]. Suresh [114] demonstrated that
amongst five plant extracts, the PLE offered the uppermost antibacterial activities. The PLE strongly suppressed the develop-
ment of the tested Gram-positive bacteria (Staphylococcus aureus Bacillus subtilis and Pseudomonas aeruginosa) and reduced
outcome on gram-negative (Escherichia coli and Klebsiella pneumoniae) bacteria [113,114]. The impenetrable murein coat ex-
isting in the external membrane of gram-negative bacteria prohibits the entrance of plant extract into the cell [114]. The
microbial effect of C. papaya on gram-positive and negative strains of microbes is presented in Table 7. Some other study
where hot water, methanol, ethyl acetate, chloroform, ethanol, and acetone, and PLE were used. Papaya leaf extracts ex-
hibited exceptional bactericide effect against Micrococcus luteus, Bacillus cereus, Escherichia coli, Klebsiella pneumonia, Staphy-
lococcus aureus and Pseudomonas aeruginosa [115]. Furthermore, methanolic PLE displayed antimicrobial action against Es-
cherichia coli, Candida albicans and Staphylococcus aureus [116]. The mechanism of action of C. papaya is thought to involve
the distortion of the morphology of the cells on both bacteria cells which resulted in the irregular cell wall thus resulting
in inhibition of their growth [117]. The reviewed articles justify for more research in the molecular alterations linked to
antibacterial activities.

Antifungal activity

Fungi can be detrimental to innumerable parts of the human body, including the skin, nail, reproductive parts, gas-
trointestinal canal, cardiovascular, and nervous system [118]. Some of the fungal infections, such as candida can be severe
and even deadly for immunocompromised patients [119,120]. There is an increase of drug-resistant to infectious fungi for
decades as the result of extensive usage of broad-spectrum antifungal drugs such as fluconazole, ketoconazole, and itra-
conazole [121]. Some of the antifungal drugs have proved to be toxic and result in profound side effects to patients, e.g.
Amphotericin B [122]. This had led the researchers to look back into the natural and safe alternatives that are locally avail-
able to fight off the fungal resistance strains in the fight of infections [123-125]. The antifungal effects of C. papaya extracts
on several strains of fungus are highlighted in Table 7.

The antifungal effects of bioactive compounds in papaya extracts are well explained in traditional medicine research ar-
ticles [22,112,118,121,126,127]. Aqueous and alcoholic extracts of papaya seeds, leaves, peels and roots, are acknowledged
to contain antifungal activity against Penicillium citrinium, Aspergillus flavus, Colletotrichum gloeosporioides, Fusarium spp. and
Candida albicans [118,128]. The leaf extract exhibits wide-ranging activity. The MICsq for the PLE was 0.625 mg/mL for Fusar-
ium spp. and more than 10 mg/mL for C. gloeosporioides, with a total of 20% mycelial spread prohibited [128].
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Few studies to test the effectiveness of C. papaya in treating fungus-related ailments are listed in Table 7. The generation
of oxygen radicals could explain the antifungal properties of PSE, breakdown of mitochondrial membrane potential (MMP)
and reduces the activities of the mitochondria respiratory chain enzymes [127]. Benzyl isothiocyanate (BITC) compound in
the C. papaya seed is said to be responsible for the inhibitory effect [118]. However, more researches are essential prior to
promoting extensive therapy.

Hypoglycemic and antidiabetic activities

Diabetes mellitus is a severe chronic disease resulting from the failure of the pancreas to create adequate insulin (type
1), or when the body fails to utilize the insulin effectively, it makes (type 2) hence causing the aggregation of blood glucose
[131]. The frequency of diabetes is snowballing owing to numerous influences such as obesity, unhealthy diets, an inactive
lifestyle, ageing as well as malnutrition. Shaw [132] projected 285 million people with diabetes in 2010 and foresaw an
upsurge in the figure up to 439 million in 2030. The same authors estimated that amid 2010 and 2030, there will be an in-
crease in diabetes by 69% in developing countries and 20% in developed countries among adults. The number of individuals
affected by type 2 has driven drastically, and now it affects even the children, which was not the case in the past decades
[131,133]. The increase of type 2 diabetes is associated with obesity, a sedentary lifestyle, and unhealthy diety. The preva-
lence of diabetes is high in urban areas compared with rural areas. It is estimated that half of the people living with type
2 diabetes are not aware of their illness [131]. All types of diabetes may result in complications involving leg amputation,
nerve damage, kidney failure, vision loss, and heart attack [131,133].

Many studies have been carried out to exploit traditional medicine as a substitute for the pharmaceutic drug in the man-
agement of diabetes. Lately, several herbs have been explored to be useful in treating and easing the symptoms related to
diabetes [134]. Juarez-Rojop [135] and Olubodun [136] reported the antihyperglycemic and hypolipidemic effects of PLE and
PSE in diabetic induced Wistar rats. In another study, the potential of PLE was proven to decreased serum glucose [137]. The
PLE brought a substantial reduction in glucose and triacylglycerol concentration to 0.75 and 1.5 g/100 mL, correspondingly
[13]. Moreover, there was improved lipid profile with the decrease in both basal and postprandial glycemia when fermented
papaya fruit was administered Aruoma [138].

The prohibition of a-glucosidase and «-amylase enzyme in type 2 diabetes could be answerable for the antidiabetic
activity of PLE and PSE [137]. The flavonoids, quercetin, steroids, quinones, and kaempferol have also been reported to have
a substantial hypoglycemic property through regenerating pancreatic beta cells and increase insulin secretion [135,136].

Limited research investigating the antidiabetic potential of papaya seeds, leaves, and peels were reported in the available
literature. Hence, further studies are necessary to characterize the bioactive phytochemicals and explore the hypoglycemic
and anti-diabetic properties of papaya seeds, leaves, and peels in scientifically validated experimental models to advance
the value of papaya as a functional food ingredient.

Hepato- and reno-protective activities

Because of the recurrent cause of severe liver injury resulting from an overdose of cytotoxic agents, the ameliorative and
medicinal effects of papaya seeds were studied and compared with the existing hepatic protectants. Papaya seeds showed
a significant reduction of oxidative stress in liver [139,140]. The studies reported that papaya extract showed significant
hepatoprotective roles against APAP- and CCly-induced liver injury. In another study, papaya has also shown its inhibitory
potential in the of CCl4-induced hepatic fibrosis in mice by noticeably increasing the glutathione peroxidase activities while
lowering the amount of liver hydroxyproline and malondialdehyde [141]. Another study revealed that the hepatoprotective
activity of papaya leaves against ethanol-induced hepatic injury significantly reduced the levels of serum markers in rats
[142].

Similarly, PSEs have shown nephro- or reno-protective activities. One in vivo study showed the protective activities of
papaya seeds KBrOs-induced nephrotoxicity in rats. In this study, a methanolic PSE of 500 mg/kg for 2 days impeded KBrOs-
induced oxidative stress in a dose-response fashion [143]. Another study investigated the protective and ameliorative effects
of 500 mg/kg aqueous PSE against paracetamol-induced nephrotoxicity in mice. The extract protected the damaging im-
pact of paracetamol by reversing the changes caused in renal structure [144]. Gheith and El-Mahmoudy [145] evaluated
the nephroprotective potential of PLE against nephrotoxicity induced by gentamicin in forty-five male albino rats. Findings
showed that the PLE convincingly sheltered the kidney tissues against gentamicin nephrotoxic effects shown by a decline
of both the novel and the traditional biomarkers in a dose-response fashion. The study further reported that PLE-mediated
protection was attributed to its antioxidant potential indicated by significant inhibition of malondialdehyde (MDA) levels in
both serum and kidney homogenates. Furthermore, Olagunju [146] investigated the nephroprotective effects of the aqueous
PSE against renal CCly-induced damage in rats. Results revealed that the measured biochemical parameters (creatinine, urea,
and uric acid) were significantly diminished in rats, in a time and dose-related fashion.

The connotation between these biological mechanisms proposes that papaya extracts possess free radical scavenging
potential, particularly in inhibiting liver and kidney lipid peroxidation. Only baseline investigations on papaya’s potential
in treating liver and kidney oxidative damages were conducted. This offers a window of opportunities to further testing
the C. papaya activities in experimental and clinical models to establish its full potential and therapeutic application in the
treatment of liver and kidney complications in humans.
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Table 8

Infertility and contraceptive activities of C. papaya seeds.
Model Dosage Significance Reference
In vivo male Wistar rats 100 mg/kg of N-hexane, ethyl Reduced testicular and Nita [148]

In vivo male albino rats

In vivo male albino rats

In vivo female albino rats

In vivo female albino rat
uterus

In vivo male mice

In vivo male rats

Female albino rats

Albino male rats

acetate, and ethanol-water
papaya seed fraction for 24 d
100 mg/kg of alcoholic PSE for
15d

0.5 mg/kg of PSE for 7 d

200 mg/kg of PSE for 21 d

200 mg/kg of PSE for 21 d

20 mg/kg of PSE

50 or 150 mg/kg of alkaloid
PSE
100 mg/kg of chloroform PSE

250 mg/kg of PSE for 52
weeks

epididymis. Also, significantly
reduced sperm quality
Induced infertility by
inhibiting spermatogenesis in
testes

Reduced the contractile
response of epididymal
tubules

Caused infertility, abortion,
and anti-implantation
decreasing progesterone levels
Triggered abortion by inducing
contractions of the isolated rat
uteri in a dose-response
fashion

Lowered sperm
concentrations, motility, and
viability

Blocked fertilization and
lowered sperm count
Inhibited estrogen secretion,
thus interfere with a normal
oestrous cycle

Adverse effects on the process
of spermatogenesis

Verma and Chinoy [154]

Verma and Chinoy [154]

Memudu and Oluwole [147]

Airaodion [156]

Wiryawan [157]

Udoh [158]

Raji [159]

Goyal [155]

Infertility and contraceptive activities

The increasing burden in raising children, unplanned pregnancies, high number of street children, and the need to pro-
tect our environment from the ever-increasing population has introduced the need for family planning in the 21st century
[147,148]. The family planning agenda has also aimed at reducing maternal and child mortality as well as reducing hunger
and poverty, especially in developing countries [149]. Different birth control methods have been used in family planning
such as oral contraceptives, intrauterine devices, diaphragm, hysterectomy, vasectomy, tubal ligation, condom, foams, gel,
and rhythm [150,151]. More often than not, these birth control methods have been described to have adverse effects, such
as permanent infertility, unsafe, ineffective, irregular menses, abdominal and pelvic pain, bleeding, permanent infertility, not
to mention weight gain and loss of libido [150]. Due to numberless complaints about modern contraception, the use of tra-
ditional herbs with negligible or fewer side effects has been researched. Papaya was not excluded. Carica papaya has shown
to be relatively effective in family planning as a contraceptive in both males and females.

The preliminary studies on PSE and PLE suggest that C. papaya extracts have beneficial effects as male contraceptives
(Table 8). The extracts may cause reversible infertility through reducing sperm motility, viability, quantity, and interfer-
ing with their morphology when it was tested on Wistar male rats with no or negligible side effects [148,152]. A 1,2,3,4-
tetrahydropyridin-3-yl-octanoate is reported to be the compound behind contraceptive activity by inhibiting spermatogen-
esis in testes [153]. Furthermore, the extracts induced a significant reduction of contractile response of epididymal tubules
and sperm count and quality male rats [148,154]. It caused infertility by significantly inhibiting spermatogenesis in testes
[154,155]. The PSEs also induced abortion, caused interference of a normal estrous cycle, and reduced progesterone levels in
female rats considerably [148,157-160].

Studies suggest that PSE and PLE may possess contraceptive properties that work in both male and female mice. There-
fore, it is worth to carry out further clinical studies to investigate the activity and quantify efficacy on both male and female
humans using the validated experimental models. Furthermore, the phytochemical characterization of C. papaya extracts
with the investigation into the biological activity of the resultant products is warranted to unravel the bioactives in the
extract with both female and male reproductive system.

Concluding remarks

In a nutshell, many studies on seeds, leaves and peels of C. papaya worldwide have attempted to examine the activi-
ties of their bioactive compounds and reported to possess anticancer, gastroprotective, antioxidant, antifungal, antiparasitic,
hypoglycemic, antimicrobial, contraceptive, and hepatoreno-protective activities. Existing data shows that papaya nutraceu-
ticals hold promise for the management of mild and deadly health conditions. At the same time, some research gaps were
identified in the available literature on papaya (seed, peel, and leaf) bioactives to be proven for their claimed biological
mechanisms and confirm their safety profiles as nutraceutical food using the recently developed models.
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Limited literature is documented on the identification, characterization, and pharmacokinetics of papaya’s bioactives and
metabolites. Further investigation is necessary to associate pharmacodynamics with the pharmacokinetics of papaya’s bioac-
tives and their metabolites.

Despite the considerable progress made in papaya bioactives’ researches over decades, more data of mode of actions
and animal and human clinical trials are needed to validate the safety and efficacy of papaya seeds, peels, and leaves using
advanced approaches, not to mention the dosage, duration, mode of administration which are equally important to prevent
possible adverse health effects and improve their nutraceutical potential.

This review highlights various nutraceutical activities of C. papaya bioactives that would be useful for researchers to
further examine the potential of C. papaya seeds, peels, and leaves as a functional food.
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