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ARTICLEINFO ABSTRACT

Artifle Type: Hylocereus polyrhizus (Red dragon) fruit, a Cactaceae plant with traditional and medicinal

Review uses, is found in America and South Asia. These fruits have diversified bioactive components,
which make them both therapeutically and nutritionally important. This review focuses on
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the various aspects of this potential plant. This literature review looked at the nutritional
information, botanical description, traditional medical use, nutritional values, medicinal
uses, chemical compounds, and pharmacological activities of H. polyrhizus. To evaluate
the required resources, Scopus, PubMed, Science Direct, Cochrane electronic databases,
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Ke}; words: Iorhi and Google Scholar search engines were searched (for example, Hylocereus polyrhizus OR
I;y docclereus potyriizus dragon fruit, red pitaya OR pitaya, pharmacological AND phytochemical, nutritional AND
ed dragon

ethnomedicinal). Prominent bioactive elements in this plant included phenolic compounds
such as a-amyrin (15.87%) and B-amyrin (13.90%). H. polyrhizus also contains antioxidant,
cardioprotective, anti-inflammatory, antifungal, antibacterial, hypolipidemic, antiviral,
thrombolytic, antiplasmodial, anticancer, hepatoprotective, and antidiabetic activities.
Because of its colouring pigments, carbohydrates, proteins, and fat substitution properties,
the fruit is commonly used in culinary and grooming. An improved understanding of H.
polyrhizus, according to this study, could pave the way for the discovery of new, beneficial
chemicals with therapeutic potential.

Ethnomedicinal property
Pharmacological activity
Cardioprotective activity
Hepatoprotective activity

Implication for health policy/practice/research/medical education:

This vital review on Hylocereus polyrhizus (Red dragon) fruit will provide a promising array for researchers to investigate
the potential lead chemical compounds responsible for significant pharmacological activities at the molecular level and for
pharmaceutical industries to build new therapeutics.
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uses, phytochemistry, nutritional values, and pharmacological activities of Hylocereus polyrhizus. ] Herbmed Pharmacol.
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Introduction

In many countries around the world, traditional medicines
have been used for many years as herbal cures, dietary
supplements, and other medicinal approaches (1). The
use of traditional medicine has expanded in recent years,
with people all across the nation relying on it for some of
their primary therapy (2). According to the World Health
Organization (WHO), approximately 88% of all countries
are using traditional medicines in the form of herbal
medicines, yoga, acupuncture, indigenous therapies, and
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other relevant traditional approaches (3). One of the most
potent antidiabetic drugs, metformin, is linked to Galega
officinalis (also known as goat’s rue), a traditional medicine
that essentially emerged in Europe (4). During the 1920s
and 1930s, guanidine derivatives from G. officinalis were
synthesized and used to mitigate diabetes (4).
Hylocereus polyrhizus (Red dragon) is a species of the
Cactaceae family belonging to the genus Hylocereus. H.
polyrhizus is distinguished by its red pulp compared to
other Hylocereus species. Red pitaya is a common name,


https://orcid.org/0000-0001-7887-1090
https://orcid.org/0009-0008-2626-1387
https://orcid.org/0000-0002-7632-5157
https://orcid.org/0009-0003-0378-7945
https://orcid.org/0009-0001-6518-2218
https://orcid.org/0000-0003-3556-9734
https://orcid.org/0009-0009-1724-1007
https://orcid.org/0009-0004-8206-8662
https://orcid.org/0000-0003-3462-1086
http://www.herbmedpharmacol.com
https://doi.org/10.34172/jhp.2024.49411
https://crossmark.crossref.org/dialog/?doi=10.34172/jhp.2024.49411&domain=pdf

Chowdhury et al

and further, it is known as a red dragon fruit in South
Asia (5,6). It is widely cultivated in Malaysia, Thailand,
Vietnam, Australia, Taiwan, and some other parts of the
world. This fruit is survived in the dry tropical climate and
can withstand temperature as high as 40 °C (7). It contains
several secondary metabolites, including alkaloids,
coumarins, flavonoids, phenols, and triterpenoids (8).
Due to its betalains content, red dragon fruit has the
potential to be used as a red pigment source. Betacyanin
is a betalain pigment that produces purplish-red shades,
whereas betaxanthin is a betalain pigment that may
produce yellow-orange shades (9,10). One of the best
uses for red pitaya is as a natural food colourant because
of the presence of betacyanin pigments (11). The peels of
this fruits are rich in vitamins, antioxidants, soluble and
insoluble fibers, pectin, and betacyanin (12-14). Due to
the presence of various phytochemicals, these fruits show
different pharmacological activities (15).

Oxidative stress is defined by increased amounts of
reactive oxygen species (ROS) and inadequate antioxidant
mechanisms. Reactive stress may damage cells and cause
tissue destruction (16). Extensive studies have been
conducted on several antioxidants such as superoxide
dismutase (SOD), epigallocatechin-3-O-gallate, catalase
(CAT), lycopene, coenzyme Q10, ellagic acid, quercetin,
indole-3-carbinol, genistein, vitamin E, and vitamin C for
their potential in disease prevention and treatment (17).
Studies have shown that polyphenol-rich extracts may
be responsible for the antioxidant activity in red pitaya
due to the presence of polyphenolic compounds (18,19).
Cardiovascular illnesses are complex conditions caused
by several factors (20,21). By reducing platelet aggregation
or hyperactivation, the polyphenols in red pitaya provide
anti-thrombotic and antiatherogenic actions (22,23). H.
polyrhizus fruit exhibited superior antioxidant properties
compared to other dragon fruits, for example, white meat
dragon fruit (Hylocereus undatus) (24). H. polyrhizus
fruit reduced plasma lipids and enhanced total and LDL
(low-density lipoprotein) cholesterol, glucose levels, and
serum antioxidant capacity in hyperlipidemic rats (25).
Inflammation is a common reaction of an organism to
mostly local tissue changes of many kinds. In general
pathology, inflammation is a complicated pathological
process that plays a key role in the development of
diseases (26). H. polyrhizus includes metabolites that serve
as precursors for the formation of betalains (betaxanthins
and betaines), which are responsible for the plant anti-
inflammatory properties (27). Betalain may suppress
inflammatory genes such as TNF-alpha and IL-1 by
blocking the transcription factor NF-«xB in mouse models
of endometriosis (22, 28). Betalanin in H. polyrhizus could
slow down the progression of alcoholic liver disease (ALD)
via modifying lipid metabolism and decreasing oxidative
stress and inflammation via the betalanin pigment (29).
Cancers are malignant neoplasms that result from the

aberrant and uncontrolled division of cells, including
both carcinoma and sarcoma. They penetrate and Kkill
surrounding tissues (30). a-Amyrin (31) found in H.
polyrhizus may be accountable for the cytotoxic effects
on cancer cells. Anthocyanin and betacyanin pigments
present in H. polyrhizus may alter the integrity of the
mitochondrial inner membrane in K562 cells, leading to
nuclear disintegration, cytochrome C leakage, and caspase
activation, contributing to human chronic myeloid
leukemia (32). The bioactive compounds in dragon fruit
inhibit the growth and reproduction of human breast
cancer MCF-7 cells and may disrupt the distribution of
cell cycle phases (33).

Various research reviews have been undertaken on the
dragon fruit, examining its phytochemicals, nutritional
qualities, pharmacological activities, botanical features,
and more (34-36). However, no detailed or succinct
material was added about the red dragon or H. polyrhizus.
Hence, our study covers several elements of red dragon
fruit, such as phytochemical analysis, nutritional value,
therapeutic uses, botanical characteristics, and laboratory-
based experimental results. The research provides
current information on red dragon fruit, focusing on its
molecular-based mechanism of action against various
ailments using a schematic diagram and a summary
table. This review might improve our healthcare system
by providing a detailed examination of its nutritional
composition, potential health benefits, and any associated
risks. Healthcare practitioners may use this information
to advise patients on dietary choices, perhaps resulting
in improved overall health outcomes. The findings in
this review might open up further windows on research
or clinical trials leading to the development of new
medications or treatments using the health-promoting
properties of red dragon fruit.

Methods

The results of the current review are based on a literature
search on the phytochemistry, pharmacological properties,
nutritional, traditional, and medicinal uses of H.
polyrhizus (Red dragon) using information derived from
several electronic databases and other additional sources.
Electronic databases, including Google Scholar, Scopus,
PubMed, Science Direct, and Cochrane were searched
using suitable keywords such as Hylocereus polyrhizus OR
red dragon fruit, red pitaya OR pitaya, pharmacological
AND phytochemical, nutritional AND ethnomedicinal.
All types of in vitro, in vivo, and clinical studies related
to Hylocereus polyrhizus were considered for this review
article.

Habitat

The dragon fruit is indigenous to tropical and subtropical
forests in North, Central, and South America (37).
Currently it is widely cultivated in tropical and subtropical
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regions worldwide, particularly in Asian countries
like Malaysia, Vietnam, Thailand, the Philippines, and
southern China (38).

Botanical description

The climbing cactus family Cactaceae includes the genus
Hylocereus, which is the source of dragon fruit. Dragon
fruit, particularly red-fleshed dragon fruit, may have grown
due to the suitability of a tropical environment, rainfall
demands, and soil types (37). In order to boost red-fleshed
pitaya off-season yield, which is normally cultivated in
Taiwan from May to December with a maximum output
period from July to September, a night-breaking approach
has been implemented (39). H. polyrhizus is a species of
the genus Hylocereus with strong red and sweet flavored
flesh and a climbing plant with aerial roots. These roots
have a huge, scaly, glabrous berry, a peel with large scales,
and a crimson pulp (40,41).

The fruit of the plant has an oblong shape, a red covering,
and a pulp that has a deep purple color (H. costaricensis).
It may grow from the ground or scale trees via aerial roots
and has a succulent stem (42). H. polyrhizus exhibits the
smallest fruit size among all species of Hylocereus, with
a maximum fruit weight of approximately 350 g. Seeds
can be used for generative reproduction, but germination
won't take place in the dark. The flesh possesses a pleasant
texture and an ample quantity of delectable black seeds
(41).

Hylocereus polyrhizus fruits are 14 cm long, 8 cm wide,
and 500 g weight. Flowers need cross-pollination to
produce fruit. Before morning, it is customary for huge
flowers to attract a considerable number of bees, ranging
from 10 to 20 each, due to their irresistible allure to these
insects (43). The flowers have distinct borders and possess
waxy white stems. The stigma lobes are quite short and
have a yellowish coloration. Additionally, the outer
perianth sediments are reddish in hue, particularly at the
tips. The fruit is characterized by its oval shape, scales of
different sizes, and reddish-purple flesh with numerous
tiny black seeds. The fruit has a diameter ranging from 10
to 15 cm and weighs between 250 and 600 g (44).

Common/Vernacular name

Belle of the Night, Conderella plant, Nanettikafruit, Red-
fleshed Dragon Fruit, Red-fleshed Pitahaya, Queen of
the Night (45), Red pitaya (46), Dragon fruit in South
Asia (English) (47), Buah Naga or Buag Naga or Buah
mata naga (Indonesia/Malaysia) (48), Strawberry pear,
Night blooming cereus (42), and prickly pear (49) are the
popular names used in various countries.

Phytochemistry of Hylocereus polyrhizus

The phytochemical investigation of H. polyrhizus
has yielded numerous bioactive constituents such as
B-amyrin, a-amyrin, octacosane, octadecane, y-sitosterol,
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octadecane, 1-tetracosanol, stigmast-4-en-3-one, and
campesterol. In addition, there are other classes of
phytochemicals including alkaloids, amino acids, phenolic
compounds, phenolic acids, flavonoids, organic acids,
lipids, lignans, coumarins, betacyanins/chromo alkaloids,
and fatty acids. An overview of the phytochemical classes
and their compound data has been represented in Table 1.

Ethnomedicinal uses of Hylocereus polyrhizus

Pitaya peels would be a potential alternative to artificial
sunscreen agents due to the presence of naturally active
constituents in the lucrative makeup business (53). The
lipstick, derived from H. polyrhizus (54), contains betalain
pigments that possess antioxidant and antibacterial
properties.

In silico studies revealed a plausible link between the
selected chemicals and their modes of action (55). In
molecular docking research, 4-prenylresveratrol, vicenin,
and luteolin successfully interacted with the target
molecule, suggesting that H. polyrhizus contained anti-
glycation and antioxidants and might have uses in the
prevention and treatment of glycation linked to diabetes
and aging problems (55). The ethnomedicinal background
of this species revealed that it contained antioxidant,
anticancer, antibacterial, hepatoprotective, antidiabetic,
and wound-healing properties. Moreover, it has been
used to treat cough, diabetes, asthma, hyperactivity,
tuberculosis, mumps, bronchitis, and cervical lymph node
TB in local medicines (56). Red dragon fruit increased the
rate of milk fermentation, lactic acid concentration, total
phenolic content, antioxidant activity, and organoleptic
qualities of yoghurt (57). In addition to past uses of pitaya
as a natural dye for food products (58), albedo sections
of pitaya fruit were extracted to make a coloring powder
as a natural food ingredient (59). The use of betalain, a
secondary metabolite produced from L-tyrosine, as a
natural food dye is well documented (60).

Nutritional values of Hylocereus polyrhizus

In order to yield dietary fiber with a high amount
of soluble fiber, red pitaya pulp was dried at a low
temperature, which showed its promise as a fat substitute
in dieting as well as antioxidant properties (61). The fiber
was added to strawberry ice cream, which eventually led
to a product with a maximum acceptance rate and a 73.5%
improvement in the overrun and rheological behavior
of the sample’s fat content (61). This suggests that the
food sector has a choice in how to minimize fat while
boosting the nutritional value of goods. When compared
to Malaysian red pitaya, which was lyophilized, the crude
fiber content of the syrup was around 3.8 times lower (62).
In the study, the fiber and protein levels in Malaysian and
Australian red pitaya juice were measured to be 1.45 g/100
g and 2.65 g/100 g, respectively. It was found that the
protein level was higher than the fiber level (7).
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Table 1. Classes and names of compounds from Hylocereus polyrhizus

Compound class Compound name Ref.
N-benzylmethylene, dopamine hydrochloride, isomethylamine, choline, serotonin, spermine, trigonelline,

Alkaloids 6-deoxyfagomine, choline, dopamine hydrochloride, amaranthine, N-cis-feruloyl tyramine, and (46)
gomphrenin I.

Amino acids and L-valine, 2-aminoisobutyric acid, tryptophan, D-(-)-valine, L-tyramine, methionine sulfoxide, L-2- (46)

derivatives chlorophenylalanine, DL-norvaline, L-methionine, and pipecolic acid.
y-Linolenic acid, octadecadienoic acid, punicic acid, hexadecylsphingosine, 9S-hyroxy-10E, 9,10-EODE,

Lipids 9-hydroxy-10, 13-hydroxy-9, 11-octadecadienoic acid, 12E-octadecadienoic acid, stearic acid, myristic acid, (46)
12-octadecadienoic acid, and LysoPC (16:1).
esculin (6,7-dihydroxycoumarin-6-glucoside), pinoresinol, syringaresinol-aceGlu, 7-methoxycoumarin,

Lignans and coumarins  pinoresinol-acetylglucose, syringaresinol-Hex, olivin diglucoside, (+)-medioresinol-aceGlu, pinoresinol (46)
diglucoside, and esculin hydrate.

L (Rs)-mevalonic acid, D-galacturonic acid (Gal A), 1-(+)-tartaric acid, methymalonic acid, 4-guanidinobutyric

Organic acids: ) ) A o o ) . (46)
acid, sodium valproate, 6-aminocaproic acid, anchoic acid, aldehydo-D-galacturonate, and citraconic acid.

Nucleotides and 5’-Deoxy-5’-(methylthio) adenosine, 2-deoxyryibose 5-phosphate, guanosine, cytidine, adenine, guanine, (46)

derivatives: deoxyadenosine, 2-(Diethylaino) guanosine, adenosine 5'-monophosphate, and adenosine.
Chlorogenic acid, protocatechuic acid-4-glucoside, 1-0-[(E)-p-Cumaroyl)-B-D-glcopyranose, 2,5-dihydroxy

Phenolic acids benzonic acid O-hexside, coniferin, echinacoside, regaloside L, phthalic anhydride, 1-0-[(E)-Caffeoyl)-B-D- (46)
glucopyranose, and trihydroxycinnamoylquinic acid.
Catechin (major flavonoids), calycosin, rutin, astragalin, quercetin, myricetin, kaempferol, tectorigenin,

Flavonoids grosvenorine, typhaneoside, lonicerin, isoquercetin, nicotiflorin, isorhamnetin-3-O-neohesperidine, (18,47)
gentiopicrin, isorhamnetin, flavonol glycoside, and epicatechin.

Hydrocarbon (Alkanes)  Octacosane (12.2%) and octadecane (6.27%) (31,50)

Steroids y-Sitosterol (9.35%), 1-tetracosanol (5.19%), stigmast-4-en-3-one (4.65%), and campesterol (4.16%). (31,50)

Fatty acids Stearic acid and oleic acid. (50)
Vanillin, esculetin, gallic acid, caffeic acid, syringic acid, ferulic acid, sinapic acid, cryptochlorogenic

Phenolic compounds acid, p-hydroxycinnamic acid, chlorogenic acid, p-coumaric acid, isoferulic acid, vanillic acid, methyl (3,18,51)
4-hydroxycinnamateb, and 7,8-dihydroxycoumarin.
Cyclo-dopa 5-O-R-glucoside, neobetanin, 17-decarboxybetanin, betalamic acid, isobetanidin 5-O-R-
glucoside(isobetanin), 17-decarboxyisobetanin, betanidin 5-O-(6’-O-3-hydroxybutyryl)- R-glucoside,

Betacyanins/Chromo 15-decarboxybetanin, betanidin 5-O-(6’-O-3-hydroxy-3-methyl-glutaryl)-R-glucoside (hylocerenin), (52)

alkaloids betanidin 5-0-(6’-0-malonyl)-R-glucoside (phyllocatin), isobetanidin 5-O-(6’-O-malonyl)-R-glucoside
(isophyllocactin), decarboxylated, neobetanidin 5-O-B-glucoside (neobetanin), isobetanidin 5-O-(6’-O-3-
hydroxy-3-methyl-glutaryl)- B-glucoside(isohylocerenin), and betanidin 5-O-R-glucoside(betanin).

Others Ascorbic acid, abscisic acid, D-(+)-trehaloseanhydrous, galactinol, D-glucose, D-(+)-glucose, isomaltulose, (18,46,47)

D-(+)-sucrose, D-glucoronic acid, phenethylamine, N-hydroxy tryptamine, and D-pantothenic acid.

According to research, red pitaya pulp has 0.1% fat
as opposed to 22.8% in the seeds (63). According to
Ruzainah et al, it is also an excellent source of vitamin
C (64), with 8-9 mg found in lyophilized red pitaya flesh
and a varying quantity ranging from 63.71-132.95 mg
found in the stems of red pitaya. Pitaya peel contains a
wealth of nutrients, including pectin and dietary fiber, as
well as functional phytonutrients like betacyanins. Studies
have revealed that pitaya peels or their preparations may
have therapeutic value and can be required to develop
unique foods. Again, pitaya peels show promise for usage
in food manufacturing, considering applications in food
products, recovery of nutritive components (amylase,
pectinase, pectin, and betacyanin), and packaged food
as well as edible films (36). Pitaya possesses higher
magnesium, potassium, phosphorus, salt, and potassium
content than mangosteen, mango, and pineapple, as
well as all other vitamin forms (65,66). The red surface

of the fruit contains a high concentration of vitamins
Bl1, B2, B3, C, and minerals (64); 50% of the necessary
fatty acids (specifically linoleic and linolenic acids) are
found in seeds (67). Compared to the flesh of the fruit,
the immature stem of the dragon fruit has more ascorbic
acid, which may also assist in the prevention of certain
conditions such as anemia, fatigue, and scurvy (64). Nur
Izalin et al proposed the use of dragon fruit peel pectin as
a thickening agent in dietary items, such as low-viscosity
foods and beverages (68).

As a low-calorie, cholesterol-free, and antioxidant-rich
food, it helps to keep blood pressure stable and reduce the
risk of cardiovascular disease (69). In pregnant women, it
has enough iron to improve hemoglobin and erythrocyte
levels (13). The powdered red dragon fruit peel can be
added to meals as a supplement, which seems to claim to
avoid hyperlipidemia risk and remain healthy (70).
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Pharmacological activities of Hylocereus polyrhizus
Cardioprotective activity

Red pitaya has cardioprotective functions because of
the presence of antioxidant and polyphenol elements.
Polyphenols in red pitaya cause an anti-thrombotic
effect by inhibiting numerous platelet-activation
mechanisms, resulting in decreased platelet aggregation
or hyperactivation (22,23). Polyphenols can contribute
to inhibiting platelet degranulation (Figure 1). It can also
downregulate thromboxane A2 receptors, inhibit collagen
and adenosine diphosphate (ADP) receptors, and affect
other platelet-activation pathways. As a result, it may
operate as a replacement for presently employed anti-
platelet medications by targeting new platelet activation
pathways (23). In the 1* pathway, it has reduced the
attachment of fibrinogen to (GPIIb-IIla) receptors of
platelets to inhibit further platelet recruitment (Figure
1). Finally, it inhibited the aggregation of platelets to
show an antithrombotic effect. Besides this inhibition, it
can also attenuate the other pathways of 2, 3, 5-mediated
platelet activation (23). H. polyrhizus (RF) dragon fruits
demonstrated better free radical-neutralizing qualities
than white flesh (Hylocereus undatus) dragon fruits (24).
It lowered plasma lipids while improving total and LDL
cholesterol, glucose levels, and serum antioxidant capacity
in hyperlipidemic rats (25). Consuming red pitaya juice for
a duration of 8 weeks could enhance the diastolic stiffness
of the heart in rats that were fed with maize starch (71).

Anti-diabetic activity

An experiment was conducted in insulin-resistant rats, and
the results revealed that fresh pitaya dramatically reduced
insulin resistance while also treating hyperinsulinemia,
atherogenesis, and dyslipidemia. It increased serum

Review of ethnopharmacological studies on H. polyrhizus

insulin, insulin/glucose ratio, glucose, glucose intolerance,
TC (total cholesterol), and TG (total triglycerides) levels,
too. The inclusion of polyphenols, soluble dietary fiber,
and antioxidant content contributed to its anti-insulin-
resistant effect (72). Red dragon fruit extract (dosage 74.88
mg/200 g body weight) could demonstrate an impact
against diabetes that was statistically equivalent to the
standard diabetes treatment glibenclamide (sulfonylurea
class medications) at a dose of 0.09 mg/200 g body weight.
The fruit peel might exert its effect via reducing blood
glucose levels in rats with diabetes (73). In another study;,
H. polyrhizus peel extract (150 mg/kg and 300 mg/kg)
combined with glibenclamide reduced blood glucose
levels in diabetic mice caused by alloxan (74).

Hypolipidemic activity

A dosage of 200 mg/kg BW (body weight) of red dragon
fruit peel powder lowered total triglycerides, cholesterol,
LDL-c, VLDL, body weight, Lee index, obesity, and total
cholesterol ratio over HDL cholesterol. Furthermore, it
could increase the quantity of blood serum HDL-c levels
while also improving blood lipid levels. Experiments in
male hyperlipidaemic Balb-C mice (Mus musculus) and
obese female Wistar rats on a high-fat diet yielded these
results. The red dragon fruit peel contains approximately
69.3% dietary fibre, which facilitates the production of
fatty acid fermentation products. These products inhibit
the synthesis of liver fatty acids and cholesterol and also
decrease the release of triglycerol (70,75). In particular,
soluble kinds can keep bile acids and cholesterol in check
in the small intestine (70). Another in vivo investigation
found that a methanol extract of red pitaya had a
hypocholesterolemic impact on hypercholesterolemia-
induced rats (76).
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Figure 1. The schematic role of polyphenols in preventing platelet aggregation. ADP: Adenosine triphosphate; TXA2: Thromboxane A2; GP: Glycoprotein.
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Anti-inflammatory activity

The ethanol extract of the fruit of H. polyrhizus can reduce
hapten reagent 2, 4, 6-trinitrobenzene sulfonic acid-
treated mice’s colitis, production of pro-inflammatory
cytokines, Ikb-alpha degradation, and nuclear NF-kb
protein levels in the colon. As a result, this fruit may be
useful as a treatment option for those suffering from
inflammatory bowel disorders. Furthermore, the ethanolic
extract of H. polyrhizus fruit contains luteolin and ellagic
acid. Ellagic acid reduces NF-«B transcriptional activity,
while luteolin suppresses both AP-1 and NF-«B. Luteolin
specifically modulated the activity of Akt (protein
kinase-B). Therefore, luteolin hindered the process of
Akt phosphorylation and the translocation of c-Jun and
p65 in LPS-activated RAW 264.7 cells, consequently
decreasing the production of LPS-induced inflammatory
transcriptional regulators and mediators (27,77) (Figure 2).
H. polyrhizus ethanolic and methanolic extracts can both
have anti-inflammatory properties. Its methanolic extract
includes metabolites that can function as precursors for
the production of betalains (betaxanthins and betaines),
which are responsible for the anti-inflammatory activity
(27). The ethanol extract of it, on the other hand, includes
betalain and can inhibit inflammatory genes like TNF-
alpha and IL-1 by inhibiting the transcription factor NF-
kB in mouse models of endometriosis (22, 28).

Antiviral activity
The red pitaya pulp contains betacyanins, which are

red-violet pigments possessing antiviral properties.
Betacyanin from red pitahaya, with an IC_| value of 125.8
pg/mL, proved efficacious against dengue virus type 2
(DENV-2) by attaching to viral particles and suppressing
virus infection (78). The method by which betacyanins
offer this function may include their attachment to a
non-structural protein, namely the envelope (E) protein
of DENV-2, which mediates initial engagement with
target sites (79). Furthermore, the attachment of envelope
protein to the targeted cell receptor may be an important
sign of infectivity (80).

Antioxidant activity

Free phenolic constituents in the pulp of two pitaya
species have excellent antioxidant activity (81). However,
the antioxidant properties of pitaya peel-bound phenolics
are unknown. The abundance of phenolic compounds
is closely connected to the antioxidant properties of
polyphenol-rich plant extracts (19). The base hydrolysis
produced a considerable number of phenolic compounds
after being extracted with 80% methanol. Nonetheless,
the hydrolysis of acid and composite enzymes showed low
effectiveness in liberating bound phenolics in WP (White
pitaya) and RP (Red pitaya), which may contribute to
limited antioxidant properties (18). In recent research,
using the DPPH method, higher free radical-scavenging
activity was shown by fruit peel pigment extract having
IC,, of 159.6 pg/mL (82). Only the ethanol extract
suppressed free radicals with significant antioxidant

Akt

~—LFS
TLR4

|[ERK1/2] [Unk_| PSR

—

NI NI N,

.
reei}— [ 698

G“ —— |Luteolin|——

(1)
(NN

[ Nosandcox2 |}«

Figure 2.The role of luteolin in preventing lipopolysaccharides (LPS)-induced inflammation, depicted schematically. Luteolin inhibited LPS-induced
inflammation signaling pathways in RAW 264.7 cells (a macrophage-like, Abelson leukemia virus-transformed cell line derived from BALB/c mice). MAPKs:
Mitogen-activated protein kinases; Akt: a type of serine/threonine protein kinase, also called protein kinase B; JNK: Jun N-terminal kinase; ERK: extracellular
signal-regulated kinase; TLR4: toll-like receptor 4; NF-xB: nuclear factor kappa B; p38: a mitogen-activated protein kinase; p65: transcription factor; p50:
NF-xB1: an effector protein in the cytotoxic response to DNA methylation damage; C-Fos: cellular oncogene; C-Jun: Jun-Proto-Oncogene; AP-1: Activator
protein 1; iINOS: inducible nitric oxide synthase; COX-2: cyclooxygenase 2.
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activity in a dose-dependent mode, but the n-hexane and
chloroform extracts showed very little effect. At 1000 pg/
mL, the ethanolic extract scavenged 74.76% of DPPH free
radicals, but the chloroformic and hexane extracts only
scavenged 17.53% and 18.28%, respectively (47).

Antibacterial activity

Except for Campylobacter jejuni, the chloroform extract
of this fruit inhibited practically all of the bacteria tested,
including Bacillus cereus, Staphylococcus aureus, Listeria
monocytogenes, Escherichia coli, Enterococcus faecalis,
Salmonella typhimurium, Klebsiella pneumoniae, and
Yersinia enterocolitica. At the same time, except for S.
aureus, B. cereus, and C. jejuni, ethanol extract inhibited
six of the bacteria tested, whereas hexane extract inhibited
four: E. coli, S. aureus, S. typhimurium, and K. pneumonia.
In this test, the disc diffusion assay at 0.2 mg/disc revealed
that chloroform extract had the most antibacterial activity,
followed by ethanol extract and then hexane extract (83).
Freshly picked fruits had a higher antimicrobial response,
with MIC values of 50000 ug/mL against eight different
bacterial species (84). It was more effective against
gram-positive bacteria such as methicillin-resistant S.
aureus, vancomycin-resistant, enterococci and Bacillus.
Betacyanin is most probably the molecule accountable for
the action, and it can easily pass through the cell wall of
gram-positive bacteria, whereas tiny hydrophilic solutes
may pass via porin channels on the outer membrane of
gram-negative bacteria such as E. coli (84). At 20 pg/mL
concentration, four distinct extracts of this fruit, including
n-hexane, ethyl acetate, dichloromethane, and pigment,
inhibited growth by 67%-94.9% against S. aureus, E. coli,
B. subtilis, and Vibrio alginolyticu (85). H. polyrhizus peel
extract concentrations of 100% inhibited S. mutans growth
more successfully than 50% peel extract concentrations;
fruit pulp extract concentrations of 100% also impeded S.
mutans growth more successfully than 50% concentrations
but less competently than the positive control group
(chlorhexidine 0.2%) (86). Treating mice with different
quantities of aqueous extract of the H. polyrhizus peel and
chloramphenicol for 15 days had a substantial effect on
the number of Pseudomonas aeruginosa, particularly in a
group that represented 100 mg/mL of aqueous extract and
chloramphenicol, and the number of bacteria was greatly
decreased (87).

Antiplasmodial activity

The efficacy of the four extracts namely; pigment (betanin,
a Dbetacyanin), dichloromethane, ethyl acetate, and
n-hexane) of the plant was examined. The extracts from
betanin (a betacyanin) and ethyl acetate were not effective
against the chloroquine-sensitive 3D7 and chloroquine-
resistant W2 strains of Plasmodium falciparum. However,
the extracts from dichloromethane and n-hexane showed
a positive action. Dichloromethane had nearly three times

Review of ethnopharmacological studies on H. polyrhizus

the activity of n-hexane, with IC,, values of 2.13+0.42 and
6.51+0.49 g/mL, respectively (32). According to the WHO
guidelines and fundamental prerequisites of antiparasitic
pharmaceutical research, based on their IC_  values,
extract activities were classified into four categories: high
activity (IC_ < 5 pg/mL), promising activity (5 pug/mL
<IC,, 15< g/mL), moderate activity (15 pg/ml< IC, <50
pg/mL), and poor activity (IC,; >50 pg/mL) (33). As a
result, n-hexane extracts and dichloromethane had strong
and potential antiplasmodial effects (88).

Anticancer activity

Concerning the chemical components of this species
peel, Lou et al detected one main phytosterol, a-amyrin
(31), which could be responsible for the cytotoxicity
against the cancer cell. It was also tested for cytotoxic
action against the myoblasts (L-6) cells with an IC,  >90
pg/mL (89). According to Sreekanth et al (32), pitaya
extract components (anthocyanin and betacyanin) and
pigments function in K562 cells that cause human chronic
myeloid leukemia by modifying the integrity of the
mitochondrial inner membrane, resulting in cytochrome
C leakage, nuclear disintegration, and caspase activation.
These metabolic alterations are mirrored in the structural
reforms seen in apoptotic cells (programmed cell death).
The dragon fruit extract reduces the viability and
multiplication of human breast adenocarcinoma MCF-7,
and the bioactive chemicals in the dragon fruit have also
been shown to interfere with the cell cycle distribution
phases (33). Polymorphisms in the ER alpha-gene (ER-
alpha) have been linked to prostate and breast cancer,
osteoporosis, cardiovascular disease, and Alzheimer’s
disease (90). Pitaya’s proliferative action appears to be
based on lower ER alpha expression, which might directly
activate processes of cell viability suppression or perhaps
limit hormone affinity to the receptor and therefore
impede cell growth (39).

Antifungal activity

According to one investigation, the extract with significant
antimicrobial properties had high total phenolic and
flavonoid contents, and there might be a link between
phenolic and flavonoid chemicals with antifungal actions.
The existence of flavonoid components in ethyl acetate
extracts implies that they have antifungal properties. As
a result, chromatography and spectroscopic methods
are used to identify bioactive chemicals in extracts. All
extracts had moderate to low antifungal activity, with
ethyl acetate having the greatest activity, closely followed
by the colored extract. However, these activities were
lower than those of the positive control (91). For example,
quercetin, and kaempferol exhibited antimicrobial activity
against Bacillus spp (92). The antifungal activity of red
dragon fruit against Candida albicans revealed a range of
inhibition percentages at 500 ppm. The extracts with the
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greatest activity were ethyl acetate (74.27% inhibition) and
pigment extracts (60.88%) (91).

Hepatoprotective activity

Ithaslongbeen recognized that liver disorders are the most
devastating illnesses induced by hazardous substances,
whether by exposure or ingestion. For example, carbon
tetrachloride (CCL,) is a compound on a list of dangerous
substances linked to significant liver injury (93). In
comparison to the control group, administration of
H. polyrhizus fruit extract at a dosage of 300 mg/kg
considerably normalized the increased blood marker
enzymes ALT, AST, ALP (alanine transaminase, aspartate
transaminase, alkaline phosphatase, respectively), and
bilirubin in the treatment group, showing that the extract
reduced carbon tetrachloride-induced mortality (94). The
red dragon fruit peel was also studied and discovered to
have the capacity to lower triglyceride, total cholesterol,
and LDL-C levels while increasing HDL-C levels (70). The
extract's hepatoprotective properties were determined
seven days after CCIl, treatment by administering it

to mouse models and analyzing their post-SGPT and
SGOT levels. The results showed a positive response
after seven days of treatment, showing that dragon fruit
(H. polyrhizus) crude extract had a preventative effect on
the liver from the ongoing effect of the induced carbon
tetrachloride than the H. polyrhizus ethanolic extract, and
the dosage used for the test compounds was 2500 mg/kg
body weight (93). All the investigated findings in different
pharmacological interventions have been compiled in a
more specific way in Table 2.

Conclusion

Hylocereus polyrhizus, commonly referred to as red dragon,
is a botanical specimen with a diverse range of bioactive
compounds, which give rise to various therapeutic
properties. This review article presented ethnobotanical
descriptions and highlighted the various health benefits
of red dragon fruit and its primary component through
its antioxidant, anti-inflammatory, antibacterial, and
anticancer properties, among others. Further investigation
into the various components of the product is necessary to

Table 2. Summary of the pharmacological activities of different parts of Hylocereus polyrhizus

Activity Parts used

Chemical responsible  Mechanism of action

References

Cardioprotective
activity

Fruit pulp Polyphenols and

antioxidant N

Red pitaya

(22, 23)

Inhibit several platelet-activation mechanisms

N

Anti-thrombotic effect

Anticancer Peel
activity N2

Phytosterol (a-amyrin)  Anthocyanin and betacyanin

(31, 33)

Effects in K562 cells modify the integrity of the mitochondrial
inner membrane

N

Leakage of cytochrome C nuclear disintegration, and caspase

activation

N

Apoptosis(programmed cells death)

Antidiabetic Whole fruit

activity

Polyphenols, soluble
dietary fiber, and J
antioxidant content

N

Red pitaya

(72,73)

Decrease insulin resistance

Increase serum insulin

N

Antidiabetic effects

Betalains
(betaxanthins and N2

Anti- Flesh
inflammatory
activity

ellagic acid N2

Ellagic acid

(22,27,28,77)

betaines), luteolin and Inhibit the transcription factor NF-kB

Inhibit inflammatory genes like TNF-alpha and IL-1

N

Anti-inflammatory activity

Antiviral activity Pulp Betacyanin

N

Betacyanin

(78, 79)

Attachment to a non-structural protein, namely the envelope (E)
protein of DENV-2

N

Mediates initial engagement to target sites

N

Proved efficacious against dengue virus type 2 (DENV-2)
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Table 2. Continued
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Activity Parts used Chemical responsible  Mechanism of action References
Antioxidant Pulp Phenolic compounds,  Phenolic compounds (19, 82)
activity betalains(betanidine J
6-0-B-glucoside) Inhibit the formation of free radicals
N2
Anti-oxidant activity
Antibacterial Peel, fruit Betacyanin Betacyanins (84)
activity N2
Change the permeability of cellular membranes
N2
Lead to loss of cellular pH gradient
\Z
Decrease ATP levels, and lose the proton motive force
N2
Cause cell death.
Antifungal activity  Peel Quercetin, and Inhibit the cell growth of fungus (91)
kaempferol, phenolic  {
and flavonoid Antifungal activity
compounds
Hypolipidemic Fruit peel Soluble fiber, Dietary fiber (75, 76, 95)
activity unsaturated fatty N2
acids, and minerals Creation of fatty acid fermentation products
especially potassium,
sodium, magnesium, Prevents the synthesis of liver fatty acids, cholesterol
phosphorus, and zinc
Reduces the release of triglycerol release
Antiplasmodial Peel B-Amyrin and B-sitosterol (88, 96)
activity B-sitosterol N2
Inhibit SK-OV-3 cells
\Z
Antiplasmodial activity
Hepatoprotective ~ Whole fruits  Phenolic compounds  Red pitaya (94, 97)
activity and total tocopherol NE

Inhibit the synthesis of ALT, AST, ALP and Bilirubin

N

Hepatoprotective activity

ALT: Alanine transaminase; AST: Aspartate transferase; ALP: Alkaline phosphatase; K562: Myelogenous leukemia cell line; SK-OV-3 cells: Ovarian cancer
cells; ATP: Adenosine triphosphate; DENV-2: Dengue virus 2; TNF-alpha: Tumor necrosis factor alpha; IL-1: Interleukin-1; ellagic: An acid; Caspase: a
family of endoproteases; NF-kB: Nuclear factor kappa-light-chain-enhancer of activated B cells.

ascertain the precise mechanism of action and the specific
molecular processes involved in health management. This
vital review provides a promising array for researchers
to investigate the potential lead chemical compounds
responsible for significant pharmacological activities at
the molecular level and for pharmaceutical industries to
build new therapeutics.
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