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Abstract

Cactus species are plants that grow in the arid and semiarid regions of the world. They
have long fascinated the attention of the scientific community due to their unusual biology.
Cactus species are used for a variety of purposes, such as food, fodder, ornamental, and as
medicinal plants. In the last regard, they have been used in traditional medicine for eras by
the ancient people to cure several diseases. Recent scientific investigations suggest that
cactus materials may be used as a source of naturally-occurring products, such as mucilage,
fiber, pigments, and antioxidants. For this reason, numerous species under this family are
becoming endangered and extinct. This review provides an overview of the habitat,
classification, phytochemistry, chemical constituents, extraction and isolation of bioactive
compounds, nutritional and pharmacological potential with pre-clinical and clinical studies of
different Cactus species. Furthermore, conservation strategies for the ornamental and

endangered species have also been discussed.

Keywords: Bioactive compounds; cactus; pharmaceutical properties; phytotherapy;

neutraceutical
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1. Introduction

Cactus (plural cacti, cactuses or cactus) is described as a distinct flora that can be
found in the arid areas around the world. The Cactaceae family has mainly a tropical
distribution, comprises 124 genera and 1438 species distributed in the world (del Socorro
Santos-Diaz & Camarena-Rangel, 2019). In the Columbus voyage to the New World in 1492,

wn 2 "

Melocactus is among the “"bizarre”-" species that he presumably collected (Barthlott et al.,

2015). In Einnaeus’s-Linnaeus's Species Plantarum (1753), he listed around 22 cactus species

wn

and tried to differentiate species using morphological characters amidst their “"exotic

appearance™-." From then on, numerous studies were conducted on the ecology, taxonomy,
and biogeography of these plants. Fhere-are-mMany cactus species that-can be found around
the world (Figure 1).

Cacti have diverse uses and applications across different cultures around the world.
For instance, in America, cacti were used as food, medicine, and cosmetics, even before the
time of Christopher Columbus (Lema-Ruminska & Kulus, 2014; Shetty, Rana, & Preetham,
2012). Cacti are still used as food in Mexico and Spain, and there is a growing demand for it
in the United States and Canada, which by 2016 had a value of 31 and 2.89 million dollars,
respectively. Cactus has excellent flavor and nutrition and often eaten as fresh in the form of
nutritious vegetables and salad dishes for the young leaves, while its fruits are made as juice
(Shetty et al., 2012).

The ethnobotanical use of cacti may vary depending on the country; for instance, in
Cuba, they are commonly used as herbal medicines for treating infectious diseases (Andrade,
Lucero Mosquera, & Armijos, 2017; Jiménez-Sierra & Eguiarte, 2010). They are widely
cultivated due to their fruits, which serve as food for the people in Mexico, Colombia, and the

United States of America (Arellano & Casas, 2003). Other cactus species are included in the

traditional and cultural practices of different ethnic groups (de Lucena et al., 2013). Moreover,
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they are also utilized as fodder species for goats and other ruminants in the dry season,
together with native grasses, to increase milk production and weight of the flock (Duque,
1980).

Some commercial products, such as shampoos and soaps, are mainly produced from
cactus species. Food products like biscuits, candies, puddings, and cakes could also be
sourced out from cacti (de Lucena et al., 2013). Additionally, some species are also used in
constructing house roofs (Pedrosa, 2000). These opportunities provide economic relief to
local communities. In India, Shetty et al. (Shetty et al., 2012), reported that cacti are used as a
source of livelihood, which provides employment opportunities to the community.

Further reports from ethnobotanical works on cacti species suggest the importance of
these species in the daily lives of local cultures. Due to its popularity as medicinal plants in
different countries, many experiments have been done to test the biological activities of
compounds isolated from cactus species. For example, extracts from Opuntia species contain
phenolic compounds, other antioxidants such as ascorbate, pigments such as carotenoids and
betalains, and other phytochemicals (Aruwa, Amoo, & Kudanga, 2018). More research also
suggests that phytochemical compounds derived from cacti species have high medical and
nutritional importance (El-Mostafa et al., 2014a; Shetty et al., 2012; Ventura-Aguilar,
Bosquez-Molina, Bautista-Bafios, & Rivera-Cabrera, 2017).

In this review, we will present a general overview of the traditional and folkloric uses
of cactus around the world as food and medicine. This review will also list down studies on
the biological activity of isolated compounds from cactus, including the phytochemistry and
pharmacological potentials. Moreover, recent pre-clinical and clinical trial information on

different cactus species are also discussed.

2. Classification and habitat of cactus plants
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Cacti are easily recognized because of their distinct morphological features.
According to the Angiosperm Phylogeny Group IV (The Angiosperm Phylogeny Group. et
al., 2016), cacti belong to the Family Cactaceae under the Order Caryophyllales. A picture
depicting the 12 types of growth forms of Family Cactaceae is shown in Figure 2 (Novoa, Le
Roux, Robertson, Wilson, & Richardson, 2015). Previous molecular phylogenetic studies
confirm its placement under the Order Caryophyllales (Cuénoud et al., 2002; Schéferhoff,
Miiller, & Borsch, 2010; Yang et al., 2015). Cactus species have fleshy stems, and most are
succulents and is composed of around 130 genera with 1,600 species. The International
Cactaceae Systematics Group (ICSG) further divides the Family Cactaceae into the four
subfamilies Cactoideae, Maihuenioideae, Opuntioideae, and Pereskioideae.

The extreme diversity of the Cactaceae family is documented in Mexico (586 species)
and southwestern USA, the Central Andes (Peru, Bolivia, southern Ecuador, northeastern
Chile, and northwestern Argentina), Brazil, Paraguay, Uruguay. and Argentina (Ortega-Baes
et al., 2010). It can also be found in places with a wet season characterized by high
temperatures like South Africa and Australia (Ochoa & Barbera, 2017). Cactus are endemic
to America, and their distribution ranges from Canada to Argentina, with the only exception
being Rhipsalis baccifera, which was thought to have originated in tropical Americas,
followed by dispersal across the Atlantic Ocean by birds to reach southern Africa,
Madagascar, and Sri Lanka (Rebman & Pinkava, 2001). These plants can survive in diverse
habitats, including coastal areas, mountains, and deserts. However, they are most abundant
and diverse in arid and semiarid regions (Ortega-Baes & Godinez-Alvarez, 2006).

These species have developed mechanisms and adaptations that allow them to survive
in environments with high temperatures. These adaptations include succulence, low stomatal
density, thick cuticles, spines, lengthy root systems, and stem tissue alterations to increase the

storage of excess water and the Crassulacean acid metabolism (CAM) pathway. This
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photosynthetic pathway allows the uptake of carbon dioxide at night and stomatal closure at
daytime, thus, reducing the water loss from transpiration (Cushman, 2001). Hence, their high
adaptability in dry or xeric environments. Their seeds can also become dormant to prevent
germination during periods of water scarcity (Pérez-Molphe-Balch, Santos-Diaz, Ramirez-
Malagon, & Ochoa-Alejo, 2015).

Correct taxonomic identification of cactus species remains a big challenge in their use
as medicinal plants. This confusion often results in the use of different cactus with the same
common name to treat the same disease. For example, common prickly pear can be Opuntia
ficus-indica, Opuntia monacantha, or Opuntia stricta, any of these cactus species can be used
for diseases treated with common prickly pear, which may result in lack of efficacy of the
cactus used as medicinal plants. Some bioactive compounds may not be present in other

species of cactus with the same common or local names of cactus species.

3. Traditional uses of cactus plants

More than 80% of the world population still uses traditional herbal medicines to treat
common diseases (Woo, Lau, & El-Nezami, 2012). Cactus has been widely used as herbal
medicines worldwide, especially in developing countries, since ancient times. Numerous
ethnobotanical studies have already reported the application of different cactus species in
treating different diseases. This traditional knowledge has been passed down from generation
to generation orally or through written documents.

Based on published studies, we found 42 species of cactus with ethnobotanical use as
herbal medicines (Table 1). Different parts of the cactus (leaf, stem, flower, fruit, exudate,
latex) were used in treating different disease conditions. For example, different parts of
Opuntia monacantha Haw. can be used to treat different types of diseases. Its latex can be

used for constipation; its mucilage can be used to treat piles, pox strains, rheumatism, and
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leprosy; its fruit can be used for gonorrhea and syphilis; and the stem can be used as a
cathartic and treatment for dysentery (Arshad et al., 2014; Chetry et al., 2018). The modes of
administration can be via an external application (topical applications such as lotions,
poultices, eye drops, fumigations, baths, and gargles) or by oral intake as a decoction,
infusion, or food.

Most cactus species have poor specificity regarding its medicinal use. One cactus
species has different medicinal applications in different countries. For example, Opuntia
ficus-indica is used as a medicinal plant in 18 different countries. It has different preparation,
mode of administration, and diseases that can be treated in different countries. The fruit of O.
ficus-indica is used in Italy as a diuretic, and for digestive disorders, while in Mexico it is
used to treat wounds; in Morocco to treat stretch marks and wrinkles; in Turkey for joint
dislocation, tonsillitis, and anemia; in India as an antispasmodic, diuretic, emollient,
astringent, treatment for diarrhea, colitis, irritable bowel syndrome, and benign prostatic
hypertrophy; in Peru for liver and kidney inflammation; and in Pakistan as a digestion
enhancer -(Ahmet Sargin, 2015; de la Cruz, Malpartida, Santiago, Jullian, & Bourdy, 2014;
Erbay, Anil, & Melikoglu, 2016; Khan & Ahmad, 2015; Maroyi, 2017; Messaoudi et al.,
2015; Pandita, Pandita, & Pandita, 2013; T. Tuttolomondo et al., 2014; Teresa Tuttolomondo
etal., 2014).

There were cactus species that were reported as medicinal plants in only one country.
For example, Melocactus bahiensis (Britton & Rose) Luetzelb., which is mainly distributed
in the northern part of eastern Brazil, was only used in Brazil to treat amoeba, catarrh, cough,
and whooping cough (de Lucena et al., 2013). Opuntia engelmannii Salm-Dyck ex Engelm is
common in south-central and southwestern United States and northern Mexico. Its use as a

medicinal plant for diabetes was only reported in Mexico (Estrada-Castillon et al., 2018).
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Aside from medicinal use, cacti also serve as an important source of food in different
countries (Shetty et al., 2012). The fruit is the most eaten part of the cactus, but other parts
such as the flowers, leaves, roots, and stem can also be consumed food. It can be eaten raw,
cooked (roasted, baked, boiled, or mixed with other food), processed as candy or marmalade,
preserved in sugar syrup, and made into a drink, juice, or alcoholic beverage.

Additionally, cactus are also popular for agricultural, industrial, and ornamental uses.
The sturdy structure of various cactus such as Cereus jamacaru DC. and Echinopsis
atacamensis (Phil.) Friedrich & G.D. Rowley makes them suitable for construction of fence,
laths, boards, doors, and window (Aldunate, Villagran, Armesto, & Castro, 1983; Lima-
Nascimento, Bento-Silva, Lucena, & Lucena, 2019; Nunes, Lucena, dos Santos, &
Albuquerque, 2015). Mucilage from different species of cactus such as Opuntia ficus indica
and Pereskia aculeata is now being used in the food packaging industry as raw materials for

films and coating, and more recently, it—and has is—new—beening developed as a food

preservatives (Gheribi & Khwaldia, 2019). Cactus are also popular ornamental plants in
different countries, usually planted in gardens and yards (de Lucena et al., 2013; Estrada-
Castillon et al., 2018).

Several cactus, such as Cylindropuntia leptocaulis, Opuntia ficus-indica, and
Pilosocereus pachycladus, are also used for personal hygiene. Opuntia maxima Mill and
Opuntia cochenillifera are used as cosmetics (de Lucena et al., 2013; Estrada-Castillon et al.,
2018; Gras et al., 2016; Jost, Ansel, Lecellier, Raharivelomanana, & Butaud, 2016). Other
species such as Trichocereus pachanoi and Lophophora williamsii are used for magic and
religious practices in Colombia, while Opuntia dillenii is used in China for exorcising evil

spirits (Gao et al., 2019; Gras et al., 2016).

4. Phytochemistry and chemical constituents of Cactus plants
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Plants from the genus Opuntia, particularly O. ficus-indica, are widely investigated
from a chemical perspective. Opuntia is one of the most recognized generaus in the family
Cactaceae because their fruits and cladodes are traditionally included in the human diet in
several countries, and have a vast array of applications in food, pharmaceutical, and cosmetic
industries. The performed studies have been focused in different parts of the plant including
the pulp of the fruit (the edible part), but also their by-products (peels and seeds), the
cladodes, and the flowers (Aruwa et al., 2018; El-Mostafa et al., 2014b; Ventura-Aguilar,
Bosquez-Molina, Bautista-Banos, & Rivera-Cabrera, 2017). Cactus plants contain a wide
range of chemical constituents that are synthesized in response to biotic and abiotic factors.
The main produced compounds predueed-are polyphenols, alkaloids, betalains, terpenes, and

fatty acids with nutritional value; also, those related to;—and pharmacological and —food

applications.

4.1 Alkaloids

Alkaloids are a widespread group of complex and diverse phytochemicals, which
generally nitrogen-containing cyclic structures with, at least, one nitrogen atom (Mondal,
Gandhi, Fimognari, Atanasov, & Bishayee, 2019). Alkaloids are also a valuable class of
secondary metabolites found in cactus plants that have been studied for over 100 years being
mainly isoquinoline and phenethylamine derivatives (Cassels, 2019; del Socorro Santos-Diaz
& Camarena-Rangel, 2019). Alkaloids are one of the main groups of natural compounds
present in plants that comprise one or more nitrogen atoms in their structure. Fifty
phenethylamines and almost eighty isoquinolines have been detected in cactus plants.
Mescaline, hordenine, N-methyltyramine, tyramine, and macromerine are some of the most
commonly found alkaloids in these plants (del Socorro Santos-Diaz & Camarena-Rangel,

2019).
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Phenethylamines have been much more investigated than isoquinolines that have
attracted little interest. Among phenethylamines, mescaline and hordenine have been widely
investigated due to their extraordinary hallucinogenic effects, among other interesting
biological properties (Cassels, 2019). Mescaline is mainly found in Lophophora williamsii
and L. diffusa, but also in Trichocereus pachanoi, T. peruvianus, and T. bridgesii, while
hordenine appears in the genera Turbinicarpus, Mammillaria, and Ariocarpus (Cassels, 2019;

del Socorro Santos-Diaz & Camarena-Rangel, 2019).

4.2 Phenolic

Phenolic acids, flavonoids, and lignans; are the main phenolic compounds identified
in plant species. These compounds can be classified based on the number and arrangement of
their carbon atoms in several sub-classifications (Gutiérrez-Grijalva et al., 2018). Phenolic
compounds comprise about 8000 structures and are classified in flavonoids (phenolic acids,
lignans, stilbenes, tannins, among others.) and non-flavonoids (flavanols, flavones, flavonols,
isoflavones, flavanones, and anthocyanins) (Manach, Scalbert, Morand, Rémésy, & Jiménez,
2004). These compounds have a vast array of biological functions that are linked to their
chemical structure comprising a benzene ring with at least one hydroxyl group attached to it.

Moreover, phenolic compounds are one of the most studied phytochemicals in cacti
species (Table 2) due to their antioxidant activity and potential to prevent or delay the onset
of noncommunicable diseases (del Socorro Santos-Diaz & Camarena-Rangel, 2019).
Phytochemical investigations reported distinct categories of polyphenols in cactus plants,
such as phenolic acids, flavonoids, tannins, coumarins, lignans, stilbenes, among others. The
occurrence of polyphenols is mainly reported in Opuntia species, particularly in O. ficus-

indica, but also in Hylocereus, Pereskia, Ariocarpus, and Coryphantha genera.
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Mena et al. (Mena et al., 2018), compared the phytochemical profile of young and old
cladodes from O. ficus-indica and observed that young cladodes, which are consumed in
some countries, contain the largest amounts of phenolics. The flavonol profiles of fruits and
cladodes of different cultivars of O. ficus-indica from different countries, analyzed by
HPLC-DAD, were similar (Moussa-Ayoub et al., 2014; Moussa-Ayoub, Youssef, El-Samahy,
Kroh, & Rohn, 2015). Results also showed that samples from peels and cladodes mainly
contained isorhamnetin glycosides that were not detected in pulps.

The flowers O. ficus-indica were also chemically analyzed. Tunisian O. ficus-indica
flowers contain lipids as linoleic, oleic, and palmitic acids; its essential oil is a complex
monoterpene mixture with 29 components (Ouerghemmi et al., 2017). Besides, the RP-HPLC
analysis allowed the identification of 20 phenolic compounds (phenolic acids and flavonoids)
in the methanol extract. Phenolic acids and flavonoids were the main phenolic components
identified by LC-ESI-MS in the methanol extract from flowers of the same species (Ammar
et al., 2018). Overall, the extensive reports available indicate that polyphenols and betalains
(betaxanthins and betacyanins) (Table 2) are the main compounds found in Opuntia species.
However, they also contain fatty acids, coumarins, alkaloids, and terpenes, as well as
carotenoids, amino acids, vitamins C and E, fibers, polysaccharides, sterols, and esters
(Aruwa et al., 2018).

Recently, Kivrak et al. (Kivrak, Kivrak, & Karababa, 2018), investigated the phenolic
composition of fruits of two other Opuntia species, O. robusta, and Opuntia ficus-barbarica,
UPLC-ESI-MS/MS. Nineteen compounds were detected with some variations between both
species; for instance, syringic acid was only detected in O. robusta and trans-cinnamic acid
in O. ficus-barbarica; however, ferulic acid was found in both species. The fruits of O.
dillenii (Ker Gawl) have been reported with betalains and polyphenols (Betancourt, Cejudo-

Bastante, Heredia, & Hurtado, 2017). Also, the phenolic content of Opuntia fruits might be
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species-dependant, as some reports show that the chemical profile of Opuntia fruits is
affected by different factors, like the ripening stage (Pinedo-Espinoza et al., 2017), drying
methods (Gouws, D"“Cunha, Georgousopoulou, Mellor, & Naumovski, 2019), storage

conditions and duration (Cruz-Bravo, Guzman-Maldonado, Araiza-Herrera, & Zegbe, 2019).

4.3 Natural pigments

Betalains are classified as polar chromo-alkaloid nitrogenous pigments that are the
central group of compounds produced by cactus plants that are mainly described in the
Opuntia genus (Hussain, Sadiq, & Zia-Ul-Haq, 2018) (Table 2) but are also present in other
genera like Hylocereus, Mammillaria, Schlumbergera, among other. Betalains are natural
pigments with ionizable carboxyl groups and a positive charge on the nitrogen molecule, with
many applications for food, cosmetic, and pharmaceutical industries (Kaur, Thawkar, Dubey,
& Jadhav, 2018; Rahimi, Abedimanesh, Mesbah-Namin, & Ostadrahimi, 2019).

Albano et al. (Albano et al., 2015), analyzed the betacyanin and phenolic contents in
fruits of two varieties of O. ficus-indica fruits (edible part) from Apulia (South Italy). Results
showed that betacyanin and phenolic contents were significantly greater in the purple variety
in comparison with the orange variety. Also, Jiménez-Aguilar et al. (Jiménez-Aguilar, Lopez-
Martinez, Hernandez-Brenes, Gutiérrez-Uribe, & Welti-Chanes, 2015), observed that total
betalains (betaxanthins and betacyanins) and phenolic contents varied considerably in fruit
pulps of different Mexican varieties of this species. Additionally, HPLC-PDA analysis did
not detect flavonoids in the pulp and juice of these varieties.

A recent UHPLC-ESI-MS" analysis led to the identification of 41 compounds
(betalains and mainly polyphenols) in the pulp of this species from Spain (Mena et al., 2018).
A significant part of the compounds (23 compounds) was described for the first time and

included flavonoids. According to these authors, these inconsistencies in the flavonoid profile
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can be explained by geographic and genotypic factors but also by the sensitivity and accuracy
of the techniques used. Recently, the betalain profile of fruits of this species, of different
colors, collected in Messina (Italy), was analyzed by RP-LC-DAD-MS/MS (Smeriglio et al.,
2019). In total, 5-five betaxanthins and 4-four betacyanins were found, and considerable
differences were observed in betalains profile depending on the fruit color, which affected
their biological activity.

Previous investigations reported the chemical composition of fruits by-products, peels,
and seeds. Melgar et al. (Melgar et al., 2017), identified phenolic and betalain compounds in
hydroethanolic extracts from peels of O. ficus-indica var. sanguigna and gialla, and O.
engelmannii. Twelve phenolic compounds, 2-two phenolic acids (piscid and eucomic acids),
and 16-ten flavonoids (isorhamnetin, quercetin, and kaempferol derivatives) were identified,
and O. engelmannii had the highest concentration of these compounds, being isorhamnetin-
O-(deoxyhexosyl-hexoside) the major compound found in this species. Also, 7-seven betalain
compounds were identified, 2-two betaxanthins, and 5-five betacyanins. Betaxanthins were
only found in O. ficus-indica varieties, while O. engelmannii contained the largest amounts of
betacyanins.

Recently, Smeriglio et al. (Smeriglio et al., 2019), observed that peels of this species
contain higher amounts of betacyanins while pulps contain higher amounts of betaxanthins.
According to Jiménez-Aguilar et al. (Jiménez-Aguilar et al., 2015), the peel is the most
valuable fraction of this species since it contains the highest levels of phenolic compounds,
betalains as well as soluble dietary fiber, and has higher antioxidant activity. The results
obtained indicated that fruit peels, usually considered a waste product, are a good source of
bioactive molecules, particularly polyphenols, which can be used in combination with the

pulp to prepare juice with great functional properties.
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4.4 Other compounds

Terpenes were also described in several parts (e.g., seeds, cladodes, stems, fruits) of
cactus plants from different genera, namely Opuntia, Pereskia, Echinopsis, Hertrichocereus,
Machaerocereus. Terpenes are the most abundant class of secondary metabolites usually
stored in trichomes, and their structure contains five-carbon isoprene units gathered to each
other in numerous ways. In addition to the compounds mentioned above other classes of
compounds as saponins and sterols have been detected in cactus plants (Kakuta et al., 2012;
Okazaki et al., 2011; Okazaki, Kinoshita, Koyama, Takahashi, & Yuasa, 2007; Salazar &
Céspedes, 2013).

Some studies have also been performed concerning the phytochemical analysis of
Opuntia seeds, principally of oil composition. Recently, Ciriminna et al. (Ciriminna, Delisi,
Albanese, Meneguzzo, & Pagliaro, 2017), showed that the seeds oil from O. ficus-indica and

O. dilleniid 1s rich in unsaturated fatty acids. GC-MS examined tFhe lipid composition of O.

ficus-indica seeds from Algeria—was—examined-by-GC-MS, ;—and several fatty acids were

detected being linoleic acid, the major one (Benattia, Arrar, & Dergal, 2019). The Opuntia
cladodes have also been studied as a source of bioactive molecules (El-Mostafa et al., 2014b;
Mena et al., 2018; Moussa-Ayoub et al., 2014; Msaddak et al., 2017; Rocchetti, Pellizzoni,
Montesano, & Lucini, 2018).

Pereskia is another genus among Cactaceae family and some species such as Pereskia
aculeata Mill., Pereskia grandifolia Haw, and Pereskia bleo (Kunth) DC., are used in
traditional medicine in some countries (e.g., Brazil, Bolivia, Malaysia, and Singapore) to
threat several ailments (Pinto & Scio, 2014; Zareisedehizadeh, Tan, & Koh, 2014). Moreover,
some plants are consumed as food, as is the case of P. aculeata (J. A. A. Garcia et al., 2019).
Phytochemical studies indicate that plants from this genus contain mainly phenolics,

alkaloids, sterols, terpenoids, fatty acids, and carotenoids (Pinto & Scio, 2014;
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Zareisedehizadeh et al., 2014). P. aculeata is one of the most studied species from this genus.
Souza et al. (L. F. Souza et al., 2014); found 30 compounds in the essential oil from leaves of
this species, and 15 on P. grandifolia leaves being in both cases predominantly oxygenated
diterpenes. Phytol and manool oxide were the major compounds found in P. aculeata and P.
grandifolia, respectively.

Another study allows the identification of 24 compounds in the essential oil from P.
aculeata being acorone, the main compound found (Luc¢ia Fatima Souza et al., 2016). These
differences in the oil composition can be related with—to different factors, namely
environmental conditions, site and harvest period, plant age, and the method used to isolate
the essential oil, among others.ete: Recently, Garcia et al. (J. A. A. Garcia et al., 2019),
investigated the phenolic profile of leaf extract from this species by LC-DAD-ESI/MS" and
identified +0-ten compounds, including two phenolic acids and 8-cight flavonoids. Caftaric
acid was the main compound (49% of the phenolic content), but the extract also contained
considerable amounts of quercetin-3-O-rutinoside (14.99%) and isorhamnetin-O-pentoside-
O-rutinoside (9.56%). Berries and leaves of some Pereskia species have also been reported as
a source of carotenoids with health-promotion effects, which can also be used as important
biomarkers in these species (Agostini-Costa, Péssoa, Silva, Gomes, & Silva, 2014).

Besides the plants from the genus Opuntia and Pereskia that are the most interesting
and investigated cactus plants from a phytochemical point of view, there-are-other genera are
producing interesting bioactive compounds, mainlynamely Lophophora, Coryphantha,
Hylocereus, and Echinopsis, Turbinicarpuss—ete. As previously mentioned, Lophophora
plants are valuable sources of alkaloids (Cassels, 2019; del Socorro Santos-Diaz &
Camarena-Rangel, 2019), and Echinopsis spp. contain triterpenoid saponins (Okazaki et al.,
2011). The fruits of Hylocereus (e.g., H. undatus, H. polyrhizus), Stenocereus, and

Mammillaria have been reported for their contents in betalains and phenolics (Fathordoobady,
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Manap, Selamat, & Singh, 2019; Garcia-Cruz, Duenas, Santos-Buelgas, Valle-Guadarrama,
& Salinas-Moreno, 2017; Li et al.,, 2019; Wu et al., 2019; Wybraniec & Nowak-Wydra,
2007).

Metabolic profiling of pulp and peel of the fruits of H. polyrhizus (pitaya) at 9-nine
different developmental stages was studied using an untargeted approach, including GC-MS
and LC—MS analysis (Wu et al., 2019). It was observed that betalain content increased
noticeably during ripening. The peels contained more betaxanthin than betacyanin, and the
opposite was observed for the pulps. The results obtained by these authors demonstrated that
overall, the content of amino acids, soluble sugars, organic acids, and secondary metabolites
in pulp was greater than in peel. Using supercritical fluid extraction (SFE) Fathordoobady et
al. (Fathordoobady et al., 2019), optimized the extraction of betacyanins and observed that
the obtained extract contained both acylated and non-acylated betacyanins. The use of cold
plasma treatment stimulates the production of phenolics (mainly phenolic acids) on fruits of
H. undatus as well as their antioxidant activity (Li et al., 2019).

Garcia-Cruz et al. (Garcia-Cruz et al., 2017), investigated the betalains and phenolic
profiles of fruits of two Stenocereus spp._(-S. pruinosus, and S. stellatus). The betalain profile
was similar for both species, but the pattern was different from that observed for Hylocereus
spp. and Opuntia spp. The phenolic profile includes hydroxycinnamoyl derivatives, flavonols,
and flavanones; S. stellatus is richer in phenolic compounds than S. pruinosus. Turbinicarpus
spp. produce bioactive compounds, particularly alkaloids with hallucinogenic properties.
Recently, Kim et al. (D. H. Kim et al., 2019), observed that in vitro cultures of T. valdezianus
produce carotenoids, tocopherols, fatty acids, and phenolics. In vitro cultures have been used
to overcome the constraints of traditional propagation methods observed in some cactus
plants, such as the low growth rates, and are effective for bioactive compounds production (D.

H. Kim et al., 2019; Robles-Martinez et al., 2016).
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5. Extraction and isolation of bioactive compounds from Cactus plants

Extraction is an important stage in the search and recovery of plant compounds and
can be a hard task due to the complexity of plant tissues and the properties of plant
compounds. Thus, the choice of the suitable extraction approach and the optimization of
extraction conditions are very important. The extraction methods can be separated into
conventional (e.g., maceration, Soxhlet, and percolation using extraction solvents usually
organic) and modern (e.g., ultrasound-, microwave-, and enzyme-assisted extraction, and sub-
and supercritical fluid extraction). Conventional methods usually involve long extraction
periods, the consumption of high volumes of harmful solvents, and usually allow low
extraction yields (Wen, Zhang, Sun, Sivagnanam, & Tiwari, 2019). The modern techniques
require shorter periods for extraction, a lower amount of solvents, and normally are more
effective in terms of extraction yield and quality of the product obtained.

The vast literature available shows that the conventional extraction methods using
organic solvents are the most frequently used for the extraction of bioactive compounds from
cactus plants (fruits pulp and peel, seeds, cladodes, leaves, and flowers), although there also
reports on the use of advanced techniques like SFE (Fathordoobady et al., 2019; Sharif et al.,
2015), ultrasound-assisted extraction (Espinosa-Muioz et al., 2017), and sonication (Mena et
al., 2018; Moussa-Ayoub et al., 2014).

Numerous reports described the extraction of bioactive molecules, mainly betalains
and phenolics, from fruits of Opuntia spp. using solvents like acetone (Kivrak et al., 2018),
ethanol:_formic acid:_water (50:5:45 v/v/v) (Albano et al., 2015), methanol:_water (60:40)
(Betancourt et al., 2017), methanol (80%) acidified with formic acid (1%) (Mena et al., 2018),
among other. Kivrak et al. (Kivrak et al., 2018), used acetone to extract phenolics from pulps
of two Opuntia species, O. robusta, and O. ficus-barbarica, combining maceration and

ultrasonic extraction. An approach involving the purification and fractionation of extracts
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from another Opuntia spp. fruits, O. dillenii, obtained by maceration with methanol: water
(60:40) for 24 h and at 10 °C, was used to analyze the betalainic and phenolic profile by
HPLC-DAD-ESI-MS (Betancourt et al., 2017). This approach comprising the precipitation of
hydrocolloids and proteins, and the fractionation on C18 column allows the identification of a
larger number of compounds including new betalains [betacyanins: 17-decarboxybetanin and
17-decarboxyisobetanin, 6’-O-sinapoyl-O-gomphrenin and 6’-O-sinapoyl-O-isogomphrenin,
2'-0-apiosyl-4-O-phyllocactin and 5"-O-E-sinapoyl-2'-apiosyl-phyllocactin; betaxanthins:
tryptophan-betaxanthin and tyrosine-betaxanthin (portulacaxanthin II) and phenolics
(isoramnethin-3-glucuronide and quercetin-3-O-glucoside)].

DueOw _toimng the health--promoting properties and applications of betalains from
Opuntia spp. several works have been focused on the use of methodologies to separate,
concentrate, and purify these bioactive compounds. As an example, Tamba et al. (Tamba,
Servent, Mertz, Cissé, & Dornier, 2019), recently prove the effectiveness of microfiltration
and ultra or nanofiltration to separate betacyanins from O. dillenii juice.

With-the-atm-of-exploring Opuntia-by-produects;-Melgar et al. (Melgar et al., 2017);

prepared a hydroethanolic (ethanol: water, 80:20 v/v) extract by stirring Opuntia by-products

to analyze the phenolic and betalain profile in peels of O. ficus-indica var. sanguigna and O.
engelmannii. Several compounds were found (Table 2), and some differences in the profiles
and biological properties were observed between varieties and species. The authors
concluded that peels of these species are an important source of phytochemicals with health
benefits. More recently, sonication was also used for the recovery of phenolics from O. ficus-
indica fruit peels (Mena et al., 2018).

Ouerghemmi et al. (Ouerghemmi et al., 2017), studied the effect of solvents with
increased polarity (methanol, ethanol, acetone, methanol/ethanol/acetone, chloroform, and

petroleum ether) on the recovery of phenolic compounds from O. ficus-indica flowers
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obtained by stirring, observing that methanol allows the recovery of higher contents of
phenolics. Lately, different solvents (water, methanol, acetonitrile, acetone, ethyl acetate,
dichloromethane, and hexane) and two extraction techniques (maceration and soxhlet) were
tested to extract phenolics from O. ficus-indica flowers (Ammar et al., 2018), where soxhlet
extraction and methanol showed the highest extract yield, total phenolic and flavonoid
contents, and antioxidant activity.

There are also reports on the extraction of seed oil from cactus plants, mainly Opuntia
spp., using conventional and emerging techniques. The conventional method requires the use
of Soxhlet extraction with solvents like hexane and cyclohexane. Cyclohexane and a soxhlet
extractor were recently used to isolate seed oil from O. ficus-indica (Benattia et al., 2019).
Koubaa et al. (Koubaa et al., 2017), compared the composition and biological properties of O.
stricta seed oil recovered by SFE and conventional Soxhlet extraction with hexane. Although
similar extraction yields were obtained, the oil recovered by SFE contained higher amounts
of total phenolics, more compounds identified (45 and 11 in SFE and Soxhlet, respectively),
and higher antioxidant and antimicrobial properties. Ultrasound-assisted extraction showed to
be less effective than conventional techniques to extract seed oil from two O. ficus-indica
(Loizzo et al., 2019; Ortega-Ortega et al., 2017).

Overall, the reviewed reports on the extraction of chemical compounds from plants of
the genus Opuntia, particularly from O. ficus-indica, and bioactivity tests, indicate that
extracts from these species contain many bioactive molecules and showed important
biological properties valuable for many applications. Lately, a new bioactive flavonol,
opuntiol (6-hydroxymethyl-4-methoxy-2H-pyran-2-one), was isolated from this species,
adequately characterized (FT-IR, 'H and '3C NMR spectroscopy). and showed

antiproliferative activity (Veeramani Kandan et al., 2019).
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In addition to the Opuntia genus, the recovery of bioactive molecules has also been
conducted with plants from other genera of cactus plants. Souza et al. (Luc¢ia Fatima Souza
et al.,, 2016), investigated the effect of successive extraction with solvents of increasing
polarity (petroleum ether, chloroform, and methanol) on phenolic contents and biological
activity (antioxidant and antimicrobial) of P. aculeata leaves. The highest phenolic amount
and antioxidant properties were obtained in the methanol extract. On the other hand, the
petroleum ether extract displayed great antibacterial activity against Escherichia coli,
chloroform extract against Bacillus cereus and Staphylococcus aureus, and the petroleum
ether withand methanol extracts against Aspergillus versicolor. Lately, ten phenolic
compounds were identified in an ethanolic (70%) extract from this species prepared by
agitation at room temperature (J. A. A. Garcia et al., 2019). This extract displayed antioxidant
and antimicrobial effects.

Sharif et al. (Sharif et al., 2015), optimized the use of SFE for the recovery of
antioxidant compounds from leaves of another Pereskia spp., P. bleo, using carbon dioxide as
solvent and ethanol as a modifier and observed that this method increased extraction
efficiency of a-tocopherol, B-sitosterol, and erythritol. SFE (with CO, and ethanol/water as
co-solvent) was also used for the recovery of betacyanins from H. polyrhizus fruit peels
(Fathordoobady et al., 2019). The influence of several parameters was investigated, and the
best conditions were optimized using a mathematical model. There are some reports on the
isolation and structure characterization of saponins from cactus plants such as from the
genera Isolatocereus, Stenocereus, Echinopsis, and Polaskia (Fujihara, Takahashi, Koyama,
& Kinoshita, 2017; Kakuta et al., 2012; Okazaki et al., 2011; Okazaki et al., 2007). For
instance, Fujihara et al. (Fujihara et al., 2017), isolated several saponins from Polaskia
chichipe Backbg., some of them for the first time, and showed good effects on the

melanogenesis of melanoma cells.
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6. Pharmacological properties of active constituents from Cactus plants

Cactus plants were scientifically reported for various biological activities such as
antimicrobial, antioxidant, antidiabetic, hepato-protective, wound healing, anti-cancer,
antiviral, anti-obesity, cardiovascular, neuroprotective, and other activities. Some of their

important activities are discussed below (Table 3).

6.1 Antimicrobial potential

The immature and mature cladode extract of O. ficus-indica exhibited antimicrobial
activity against both Gram-negative (Escherichia coli, Salmonella enterica ser. Typhimurium,
Enterobacter aerogenes) and Gram-positive bacteria (Enterococcus faecalis, Staphylococcus
aureus). The minimum inhibitory concentration (MIC) value ranged between 700 to 1500
pg/ml for immature and 1000 to 2000 pg/ml for mature cladode extract, respectively. The
cladode extract exhibited antibiofilm activity against the strong biofilm producer,
Staphylococcus aureus (Blando, Russo, Negro, De Bellis, & Frassinetti, 2019).

The fruit extracts of O.dillenii (Ker Gawl.) Haw demonstrated antibacterial potential
against three Gram-positive (B. subtilis, M. lysodeikticus, and E. faecalis) and three Gram-
negative (K. pneumoniae, E. coli, and P. fluorescens) bacterial strains, with MIC values
between 0.63 and 2.5 mg/ml. However, the extracts of O. dillenii seeds showed the lowest
overall antifungal MIC values, in a range from 0.16 to 2.5 mg/ml for Candida albicans,
Trichoderma harzianum, Penicillium cyclopium, Aspergillus niger, Doratomyces stemonitis,
Phialophora fastigiata, Fusarium oxysporum (Katani¢ et al., 2019).

Seed oils from O. albicarpa and O. ficus-indica exhibited antibacterial activities
against Escherichia coli, Staphylococcus aureus, Listeria monocytogenes, Pseudomonas

aeruginosa and antifungal activity against Saccharomyces cerevisiae and Candida albicans
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(Ramirez-Moreno et al., 2017). The antimicrobial activity may be attributed to the potential
of these extracts to disrupt membrane or inactivating microbial adhesion or transport proteins.
The =xoconostle (O. oligacantha)extract could also actively inhibited Salmonella
typhimurium growth (Cenobio-Galindo et al., 2019).

The aqueous ethanolic leaf extract of Pereskia aculeata Miller exhibited antimicrobial
activity against both Gram (-) bacteria (Escherichia coli, Klebsiella pneumoniae, Morganella
morganii, Proteus mirabilis, and Pseudomonas aeruginosa with MIC value of 20, 5, 20, >20,
and 20 upg/ml respectively) and Gram (+) bacteria Enterococcus faecalis, Listeria
monocytogenes, Methicillin-resistant Staphylococcus aureus with MIC value of 10, 5, and 5
ug/ml respectively) (J. A. Garcia et al., 2019). The chloroform and methanolic leaf extract of
P. aculeate also reported for their potential to inhibit the growth of Staphylococcus aureus
and Pseudomonas aeruginosa, respectively (Lucéia Fatima Souza et al.,, 2016). The
methanolic leaf extract of Pereskia grandifolia exhibited antibacterial activity against
Pseudomonas aeruginosa, Staphylococcus aureus, and Bacillus subtilis (Philip et al., 2009).
The methanolic and ethyl acetate leaves extracts of Pereskia bleo exhibited antibacterial

activity against P. aeruginosa, whereas its dichloromethane extract was effective against

methicillin-resistant S. aureus (Malek, Shin, Wahab, & Yaacob, 2009).

6.2 Antiviral potential

The methanolic fruit extract of O. dillenii exhibited antiviral activity against herpes
simplex 1 (EC50= 25 pg/mL) and 2 (ECso = 20 pg/mL), vaccinia (EC50= 100 pg/mL) and
moderate activity against vesicular stomatitis virus, coxsackievirus, respiratory syncytial
virus, feline coronavirus, feline herpes virus, para-influenza virus, reo virus-1, sindbis virus
and puntatoro virus (ECsy = >100 pg/mL) (Jang, Kumar, Ganesh, & Peng, 2014). Gentile et

al. (Gentile, Tesoriere, Allegra, Livrea, & D'Alessio, 2004); demonstrated the antiviral
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activity of stem extract of O. ficus-indica against several DNA and RNA viruses. The cladode
extract of O. streptacantha demonstrated antiviral activity against both DNA and RNA virus,
herpes simplex, equine herpes, pseudorabies, influenza, respiratory syncytial, and human
immunodeficiency virus. The extract inhibited intracellular virus replication and inactivated

extracellular virus (Ahmad, Davies, Randall, & Skinner, 1996).

6.3 Antioxidant capacity

The immature and mature cladode extract of virus ficus-indica exhibited antioxidant
activity by both in vitro assays (Oxygen Radical Absorbance Capacity, ORAC) and Trolox
equivalent antioxidant capacity, TEAC) and by cellular assay (cellular antioxidant activity in
red blood cells, CAA-RBC). The TEAC values for mature and immature cladodes extracts
were reported as 8.23 and 12.55 umol TE/g dry weight along with 70.85 to 92.87 pumol
TE/100g fresh weight respectively. Similarly, the ORAC values for mature and immature
cladode extracts were demonstrated as 70.85 to 92.87 mmol TE/g dry weight and 2.47 to 6.52
mmol TE/100g fresh weight, respectively (Blando et al., 2019).

The hydroalcoholic extracts of O. ficus-indica showed DPPH scavenging potential
along with the better capacity to reduce Fe?" ions (Benattia & Arrar, 2018). The fruit juice of
O. ficus-indica exhibited a protective effect in the erythrocytes membrane by decreasing
malondialdehyde (MDA) and increasing of glutathione (GSH) level against the ethanol-
induced rat in a dose-dependent manner. The protective effect may be attributed to the
presence of several phytochemical compounds, including polyphenols, flavonoids, ascorbic
acid, carotenoids, and betalains (Alimi, Hfaeidh, Bouoni, Sakly, & Ben Rhouma, 2012). In
another study, Alimi et al. (Alimi, Hfaeidh, Bouoni, Sakly, & Rhouma, 2013) also
demonstrated that the administration of O. ficus-indica juice could protect lipid and protein

oxidation against ethanol-induced rat erythrocytes. The effect is attributed to the inhibition of
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ethanol-induced free radicals in rat erythrocytes or enhancement of endogenous antioxidants
activities.

The by-products obtained from cladodes and fruits of O. ficus-indica exhibited
antioxidant potential as studied by ABTS and FRAP assays (Bensadon, Hervert-Hernandez,
Sayago-Ayerdi, & Goii, 2010). The fruit juice of Sicilian cultivars of prickly pear (O. ficus
indica (L.) Mill.) showed antioxidant activity in the DPPH test. The antioxidant potential is
attributed_mainly to the presence of phenolic compounds like ferulic acid, rutin, and
isorhamnetin;-ete- that are effective radical scavengers (Enza Maria Galati et al., 2003). The
O. ficus indica f. inermis methanol root extract could scavenge DPPH radical (Alimi et al.,
2010).

Albano et al. (Albano et al., 2015), assayed the antioxidant potential of the cactus pear
(O. ficus-indica (L.) fruit extracts by TEAC and ORAC assays. The administration of O.
ficus-indica cladodes extracts exhibited a protective effect on oxidative lithium-induced
damage in rats, as revealed by a significant increase in hepatic catalase (CAT), superoxide
dismutase (SOD), and glutathione peroxidase (GPx) activities. The beneficial effect of
cladode extract could be explained by the antioxidant capacity of its constituents (Ben Saad et
al., 2017). The antioxidant activity may be attributed to the presence of phenolic substances
present in cladode extract that exhibits free radical-scavenging activities by their reactivity as
hydrogen- or electron-donating agents, as well as metal ion-chelating properties, preventing
metal-induced free radical formation. Seed oils from O. albicarpa and O. ficus-
indica exhibited DPPH free radical scavenging properties (Ramirez-Moreno et al., 2017).

The fruit extracts of O. dillenii (Ker Gawl.) Haw demonstrated DPPH and ABTS
radical scavenging activities, which may be attributed to the presence of wvarious
phytonutrients likeviz vitamins, carotenes, ascorbate or glutathione, and phenolics;—ete:

(Katani¢ et al., 2019). Loizzo et al. (Loizzo et al., 2019), reported that seed oil extract of two
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different varieties of O. ficus-indica such as Sanguigna and Surfarina exhibited antioxidant
activities as revealed by ABTS, DPPH, FRAP, and B-carotene bleaching tests. The
antioxidant potential may be attributed to the high carotenoid and y-tocopherol content. The
xoconostle (O. oligacantha) extract was also used for the development of an active film that
showed ABTS and DPPH scavenging potential with 29.11+0.48 and 41.42+1.81 mg EAA
for ABTS and DPPH, respectively (Cenobio-Galindo et al., 2019).

Oral administration of fruit juice of O. ficus-indica to alloxanized diabetic rats
increases levels of superoxide dismutase (SOD), reduced glutathione (GSH), leading to
normalization of the antioxidative status of the diabetic rats (Abd El-Razek & Hassan, 2011).
The hydroalcoholic extract of O. elatior fruit showed antioxidant effect by scavenging DPPH
radicals by 38.14 % at 200 pg/mL concentration (Chintu et al., 2017). The antioxidant
activity of methanolic fruit extracts of O. dillenii by DPPH, hydrogen peroxide, and hydroxyl
radicals scavenging method demonstrated a higher percentage of DPPH inhibition (ICs, value
of 58.7 ng/mL), hydrogen peroxide (131.1 pg/mL) and hydroxyl radicals (159.3 pg/mL)
scavenging potential (Kanungo & Satapathy, 2014). The anti--inflammatory activities of
ethanolic cladode extracts of O. stricta were assessed by different antioxidant assays such as
DPPH, nitric oxide, hydrogen peroxide, and phosphomolybdenum. These properties make O.
stricta a good choice as a complementary source to use against diseases that involve
oxidative stress (Izuegbuna, Otunola, & Bradley, 2019).

The aqueous ethanolic leaf extract of Pereskia aculeata Miller exhibited antioxidant
activity by inhibiting DPPH, ABTS, OH radicals with ICs, values of 72.9, 40.5, and 373.5
ug/ml respectively. The activity may be attributed to the presence of major phenolic
constituents like caffeic acid derivatives, quercetin, kaempferol, and isorhamnetin glycoside
derivatives (J. A. Garcia et al., 2019). In another study, Pinto et al. (Pinto et al., 2012);

demonstrated the antioxidant potential of P. aculeate leaf extract by thin-layer
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chromatography DPPH bioautography analysis. Out of the different solvent fraction, the
hexane fraction was most active due to higher phenolic content.

The methanolic leaf extract of P. aculeate exhibited antioxidant activity assessed by
44.99 Trolox/kg (da Silva et al., 2019; Silva, Seifert, Schiedeck, Dode, & Nora, 2018) and
DPPH scavenging activity (Luceia Fatima Souza et al., 2016). The ethyl acetate (IC5o = 168
ug/ml), hexane (ICsy = 244 pg/ml), methanol (ICsy = 278 pg/ml), and ethanol (ICsy = 540
ug/ml) extracts of Pereskia bleo leaves exhibited antioxidant activity as determined by DPPH
scavenging assay (Hassanbaglou et al., 2012; Sim, Sri Nurestri, & Norhanom, 2010). The
methanolic extracts of cactus plant species viz. Boucerosea lasiantha, Caralluma adscendens
var. attenuata, C.stalagmifera and C.longipetala exhibited DPPH scavenging activity with

ICs values 50, 37, 32, 27 ng/ml (Vajha, Amrutha, & Audipudi, 2010).

6.4 Antidiabetic potential

Loizzo et al. (Loizzo et al., 2019), reported that seed oil extract of two different
varieties of O. ficus-indica such as Sanguigna and Surfarina exhibited a-amylase and o-
glucosidase enzyme inhibitory activity in a dose-dependent manner. Both the variety could
inhibit the a-amylase (ICsy pg/ml 32.7 to 61.4) and a-glucosidase enzyme (ICs pg/ml 42.4 to
88.5) to a different extent. Several studies have demonstrated the antidiabetic potential of O.
ficus-indica. Oral administration of seed oil of O. ficus-indica decreased postprandial
hyperglycemia levels in both healthy and STZ-induced and alloxan-induced diabetic rats
(Berraaouan et al., 2015; Berraaouan et al., 2014). The antidiabetic effect can be attributed to
the partial reduction of D-glucose intestinal absorption, free radicals quenching, and
inhibition of pancreatic B-cells injuries. The oil containing linoleic acid and oleic acid may be
responsible for the said activities. Similarly, several other studies have also demonstrated that

boiled cactus stems and crude extracts of O. ficus-indica could reduce postprandial glycemia,
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serum insulin, and plasma glucose-dependent insulinotropic peaks in the diabetic patient
(Lopez-Romero et al., 2014; Roman-Ramos, Flores-Saenz, & Alarcon-Aguilar, 1995).

In another study, aqueous and fruit skin and pulp extract of O. ficus-indica
demonstrated a reduction in blood glucose levels in obese, prediabetic patients (Godard et al.,
2010; Van Proeyen, Ramaekers, Pischel, & Hespel, 2012). Hwang et al. (Hwang, Kang, &
Lim, 2017), also reported the a-glucosidase enzyme inhibitory (ICsy values of 67.33 and
86.68 ug/ml) and hypoglycaemic potential of aqueous extract and dry powder of O. ficus-
indica in STZ-induced diabetic rats. Oral administration of fruit juice of O. ficus-indica to
alloxanized diabetic rat leads to normalization of levels of glucose, cholesterol, urea,
creatinine, aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline
phosphatase (ALP), and malondialdehyde (MDA) towards normal condition (Abd El-Razek
& Hassan, 2011).

In another study, the commercial product OpunDia capsule containing fruit skin and
stem extracts of O. ficus-indica showed a significant decrease in acute blood glucose
concentrations at 60, 90, and 120 min compared to preintervention blood glucose levels in 29

obese prediabetic male and female subjects (Godard et al., 2010). The hydroalcoholic extract
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of O. elatior fruit showed antidiabetic effect by inhibiting the a-amylase enzyme up to 54.68 %

at 500 pg/mL concentration (Chintu et al., 2017). The methanolic cactus fruit extract of
xoconostle (O. oligacantha) inhibited a-amylase and a-glucosidase enzymes both in vitro and
under simulated intestinal conditions (Medina-Pérez et al., 2019).

Cenobio-Galindo et al. (Cenobio-Galindo et al., 2019) reported the presence of
different nutraceuticals like rutin, ferulic acid, quercetin, apigenin, caffeic acid, kaempferol in
xoconostle fruits contain might be responsible for its inhibitory effect over a-amylase and a-
glucosidase enzymes. The juice of O. streptacantha exhibited o—glucosidase inhibitory

activity. The active component was reported as a derivative of (4-hydroxy)-phenyl acetic acid
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(Becerra-Jiménez & Andrade-Cetto, 2012)._Similarly, two liquid and filtered extracts }a

another—study,—tHquid—extract—and—a—filtered—extract—of O. streptacantha exhibited an

antihyperglycemic effect in streptozotocin (STZ)-diabetic rats by blocking the hepatic

glucose output (Andrade-Cetto & Wiedenfeld, 2011). Also, tFhe methanolic extracts of

cactus plant species viz. Boucerosea lasiantha, Caralluma adscendens var. attenuata, C.
stalagmifera, and C. longipetala exhibited antidiabetic activities by inhibiting o- amylase
enzyme (Vajha et al., 2010). The leaf, stem, and root aqueous extract of Pereskia bleo at
500mg/kg decreased fasting plasma glucose levels by 66%, 65%, and 58%, respectively, in
alloxanized diabetic rats. It also showed decreased levels in total cholesterol, triglycerides,

and restored the HDL level (Mat Darus & Mohamad, 2017).

6.5 Hepatoprotective activity

O. ficus-indica cladode extract showed hepatoprotective potential against lithium-
induced hepatic injury in rats. The histopathological changes in the liver, such as sinusoidal
dilation, congested central veins, vacuolization, and inflammatory cell infiltration caused by
lithium poisoning, were reduced upon feeding with cladodes extract to the rat. Administration
of cladode extract significantly increased the hepatic CAT, SOD, and GPx activities (Ben
Saad et al., 2017). The aqueous extract from cladodes (2 mL/kg) decreased the AST and ALT
levels in the CClg-induced hepatotoxic Wistar male rats (Djerrou et al., 2015). Oral
administration of fruit juice of O. ficus-indica (Prickly Cactus Pear) to alloxanized diabetic
rats protect and restore the damages of the liver, showing the hepatoprotective potential of the
extract in diabetic rats (Abd El-Razek & Hassan, 2011). Polysaccharides extracted from O.
ficus-indica showed protective effects in the liver from organophosphorus pesticides (Ncibi,

Othman, Akacha, Krifi, & Zourgui, 2008).
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The fruit juice of O. robusta and O. streptacantha extracts exhibited hepatoprotective
effect against acetaminophen (APAP)-induced acute liver failure (ALF) male Wistar rat
model. Both extracts significantly attenuated APAP-induced injury markers AST, ALT, and
ALP, and improved liver histology. O. extracts significantly reduced leakage of LDH and cell
necrosis in cultured hepatocytes (Gonzalez-Ponce et al., 2016). The aqueous ethanolic leaf
extract of Pereskia aculeata Miller showed no hepatotoxicity against liver primary culture
PLP2 at a concentration of 400 pug/ml (J. A. Garcia et al., 2019). Similar studies were also
carried out by Pinto and Scio (Pinto & Scio, 2014), demonstrating the absence of toxicity of

Pereskia sp. for humans or animals.

6.6 Cytotoxic activity

The cytotoxic potential of the fruit extracts of O. dillenii (Ker Gawl.) Haw was
demonstrated on human breast cancer cells (MCF-7), human colon cancer cells (LoVo), and
human hepatocytes (HepG2) by MTT assay. The study revealed that the extract showed a low
cytotoxic effect against the cancer cell lines (Katani¢ et al., 2019). In another study,
methanolic fruit extract of O. dillenii exhibited cytotoxicity activity against HeLa, CRFK,
and Vero cell lines above 100 pg/ml (Jang et al., 2014). The cytotoxic activities of cladode
extracts of O. stricta were reported in U937 and Jurkat cell lines by MTT assay. The study
displayed the cytotoxic effect of acetone extract of dried cladode with IC50 was 110.1 ug/ml
(Izuegbuna et al., 2019). The alkaloid extracts isolated from the dried plants of Opuntia
polyacantha exhibited cytotoxic activity against MCF-7 and WRL-68 cell lines. The MTT
assay demonstrated that the extracted alkaloids at 400 pg/ml concentration could inhibit
MCF-7 and WRL-68 cells by 52.7 and 91.89%, respectively (Abdulazeem, Al-Alaq, Alrubaei,

Al-Mawlah, & Alwan, 2018).
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The methanolic extract of Lophophora williamsii exhibited an immunomodulatory effect
by activating nitric oxide production by murine macrophages and stimulated up to the 2.4-
fold proliferation of murine thymic lymphocytes. The extract also induced human leukocytes.
The extract also exhibited cytotoxic effects against MCF7, L5178Y-R, U937, and 1929 cell
lines as confirmed by MTT assay (Franco-Molina et al., 2003). The aqueous methanolic stem
extracts of Pachycereus marginatus exhibited in vitro cytotoxic effects against L5178Y-R
lymphoma murine cells. The extract contains bioactive compounds like lophenol, B-sitosterol,
and palmitic acid. Oral administration of aqueous extracts of P. marginatus to vincristine-
induced mice demonstrated 60% survival without altering the liver parenchyma (Gomez-
Flores et al., 2019). The hexane, dichloromethane, ethyl acetate, and methanol extracts
of Pereskia bleo leaves exhibited cytotoxic activity against MCF-7, HT-29, and CEM-

SS cell lines after 72 h incubation time (Malek et al., 2009).

6.7 Anti-inflammatory activity

The alcoholic extracts of the flowers, fruits, and stems of O. dillenii was were
reported for their anti-inflammatory activity (Ahmed, Tanbouly, Islam, Sleem, & Senousy,
2005). The aqueous fruit extract also demonstrated analgesic and anti-inflammatory and anti-
inflammatory effects in the carrageenan-induced rat paw edema model (Loro, del Rio, &
Pérez-Santana, 1999). The methanolic stem extract of O. ficus-indica demonstrated anti-
inflammatory activity in adjuvant-induced chronic inflammation mice model. The active anti-
inflammatory principle was reported as -sitosterol (Park, Kahng, Lee, & Shin, 2001).

The anti-inflammatory activities of ethanolic cladode extracts of O. stricta were
reported in RAW 264.7 cells by Cyclooxygenase 2 (COX-2) assay, and the study showed a
decrease in COX-2 reduction of about 15% (Izuegbuna et al., 2019). The methanolic extracts

of cactus plant species viz. Boucerosea lasiantha, Caralluma adscendens var. attenuata,
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C.stalagmifera, and C.longipetala exhibited anti-inflammatory activity (5-Lox assay) with
ICso values 27, 17, 12.8, 11.8 pg/ml (Vajha et al., 2010). The dichloromethane extracts of
Pereskia bleo leaves exhibited anti-inflammatory activity in carrageenan-induced paw edema
in rats (Qureshi, Afzal, & Kin, 2019). The methanolic leaf extract of the Pereskia aculeate
exhibited anti-inflammatory activity in acute and chronic ear dermatitis in mice model by

reducing IL-6 and TNF-a cytokines levels (Pinto Nde et al., 2015).

6.8 Anti-ulcer potential

The powder of cladodes, as well as purified mucilage of O. ficus-indica, exhibited
anti-ulcer activity against ethanol-induced ulcerative mice model (Maataoui, Maataoui,
Almesrarm, & Hilali, 2018). The ethanolic fraction of O. ficus-indica cladodes extract was
effective in protecting the small intestine against MTX-induced damage in male Wistar rats.
Treatment with O. ficus-indica extract caused a decrease in MDA level, peroxidase activities,
and protein carbonyls generation along with an increase in CAT levels (Akacha, Rebali,
Zourgui, & Amri, 2018). The methanolic root extract of O. ficus-indica f. inermis
demonstrated gastroprotective ability against an ethanol-induced ulcer in rats (Alimi et al.,
2010). The lyophilized cladodes of O. ficus-indica were reported for their anti-ulcer potential
in ethanol-induced ulcer in rats. The ultrastructural observations of gastric mucosa revealed
the protective action of cladode against ethanol-induced ulcers. The protective effect may be
due to the mucilage of O. ficus-indica (E. M. Galati, Monforte, Tripodo, d'Aquino, &

Mondello, 2001).

6.9 Antigenotoxic activity
The fruit extracts of O. dillenii (Ker Gawl.) Haw also exhibited antigenotoxic as it

could protect DNA from the harmful effect of hydroxyl radicals (Katani¢ et al., 2019).
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Madrigal-Santillan et al. (Madrigal-Santillan et al., 2013), also reported the antigenotoxic
effects of juice extract of O. ficus-indica as the extract could reduce the number of
micronucleated polychromatic erythrocytes. In another study, Zorgui et al. (Zorgui, Ayed-
Boussema, Ayed, Bacha, & Hassen, 2009); reported the antigenotoxic potential of O. ficus-
indica cladodes extracts in terms of effective protection from the clastogenic action and DNA

damages of zearalenone.

6.10 Cardioprotective potential

The randomized clinical trials (RCT) study indicated that supplementation with O.
ficus indica decreased the percentage of body fat, blood pressure, and total cholesterol and
cardiovascular risk factors (Onakpoya, O'Sullivan, & Heneghan, 2015). Osuna-Martinez et al.
(Osuna-Martinez, Reyes-Esparza, & Rodriguez-Fragoso, 2014), reported the antiatherogenic
properties of Opuntia spp, which may be due to the presence of their high polyphenols
content, dietary fibers, and proteins that decreased lipid peroxidation. The cladodes of O.
streptacantha var. cardona, tuna loca, O. hyptiacantha, O. megacantha, O. albicarpa
inhibited LDL oxidation and foam cells formation by macrophages in a dose--dependent
manner suggesting the role of Opuntia spp. in inhibiting atherogenesis in its earlier stages
(Keller et al., 2015). In another study, Garoby-Salom et al. (Garoby-Salom et al., 2016),
demonstrated that supplementation with 10 mg/kg powdered cladodes of O. streptacantha or
O. ficus-indica for 15 weeks to apoE-KO mice reduced the development of atherosclerotic
lesions significantly.

Consumption of prickly pears from O. robusta lowered the LDL cholesterol and 8-
epi-prostaglandin F,a, an F2 isoprostane level (Budinsky et al., 2001). Arether study
revealed that ingestion O. robusta improved the platelet function and hemostatic balance and

decreased atherosclerotic risk (Wolfram, Kritz, Efthimiou, Stomatopoulos, & Sinzinger,
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2002). Consumption of O. ficus-indica dried leaves exhibited a rapid increase in HDL
cholesterol levels concomitantly with a decrease in LDL cholesterol and triglycerides in
women affected with metabolic syndrome, indicating the hypocholesterolemic effect of the

plant (Linarés, Thimonier, & Degre, 2007).

6.11 Neuroprotective potential

The polysaccharides isolated from O.dillenii exhibited neuroprotective activities
against brain ischemia-reperfusion injury in rats under in vivo conditions-and. They reduced
the oxidative stress-induced damage in the PC12 cells under in vitro conditions (X. Huang, Li,
Li, & Guo, 2009). The polysaccharide extracted from O. milpa also exhibited neuroprotective
activity against cerebral cortex and hippocampal slices from H,O,-induced injury by
normalization of neuroprotective biochemical markers like acetate dehydrogenase (LDH),
superoxide dismutase (SOD), glutathione (GSH), and total antioxidant competence (T-AOC)
level (Xianju Huang, Li, Guo, & Yan, 2008). The ethanolic extract of stems of O. ficus-
indica var. saboten exhibited enhanced cognitive performance in mice by ameliorating
scopolamine-induced cognitive dysfunction. Western blot analysis and the ex vivo study
revealed that the extract increased the levels of phosphorylated extracellular signal-regulated
kinase and cAMP response element-binding protein (CREB) and the levels of brain-derived
neurotrophic factor (BDNF) expression in the hippocampus. It also inhibited AChE activity
in the brain (Kwon et al., 2018).

The flavonoids quercetin, (+)-dihydroquercetin, and quercetin 3-methyl ether were
isolated from the ethyl acetate fractions of the fruits and stems of O. ficus-indica var. saboten
showed neuroprotective actions against the oxidative injuries induced in cortical cell cultures.
These compounds inhibited lipid peroxidation and scavenged 1,1-diphenyl-2-picrylhydrazyl

free radicals (Dok-Go et al., 2003). The methanol extract of O. ficus-indica also has a
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neuroprotective action against N-methyl-D-aspartate NMDA, kainate KA and OGD oxygen
deprivation oxygen, inducing neuronal alterations in cultures of mouse cortical cells (J. H.

Kim et al., 2006).

7. Clinical trials on Cactus-related substances

Different studies on cactus plants have revealed some relationship between
ethnomedicinal uses and experimental results at in vitro and in vivo levels (del Socorro
Santos Diaz, Barba de la Rosa, Hé¢li¢s-Toussaint, Guéraud, & Negre-Salvayre, 2017).
However, there are not enough pre-clinical and clinical studies to validate their
pharmaceutical use. Although the Cactaceae family gathered around 1400-1500 species, only
a few have been assessed for biological/pharmacological/beneficial attributes in clinical trials.
Opuntia plants are the most-known and evaluated cactus (Table 4), so continuous programs
to evaluate other plants are required to validate such effects recorded by cactus plants. In the
case of chemopreventive actions, a study reported the cytotoxic activity of a crude extract and
an isolated compound from Pereskia bleo, but a clinical trial is not mentioned (Malek et al.,
2009).

O. ficus-indica (also called Nopal) is well-known for its health effects. However, few
clinical trials evaluating O. ficus-indica have been reported. In this context, there is
information that leaves and stems of prickly pear can reduce plasma glucose levels in animal
studies (Butterweck et al., 2011). In humans, doses at 100-600 mg/day exhibited
hypoglycemic effects in patients with type-2 diabetes mellitus (Cicero, Derosa, & Gaddi,
2004). Although studies are scarce, their good profile of adverse reactions, together with the
available efficacy data concerning reducing blood glucose levels, indicates that it is safe to

conduct further studies.
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Additionally, Nopal fruit intake is generally suggested for healthy lifestyles, and its
consumption may be part of a well-balanced diet (Onakpoya et al., 2015). According to the
current clinical trials-derived information (Table 4), O. ficus-indica intake can cause
substantial reductions in the percentage of body fat, total cholesterol, and blood pressure,
beneficial for the body's redox cardiovascular balance, and type-2 diabetes conditions.
However, such trials vary in methodology, design, and results, and insufficient information is
a marked feature of such trials. Further clinical trials to validate the effects of cactus plants

are therefore required.

8. Conclusions

Cactus are noticeable components of arid and semi-arid regions of the World, where
the population deals with the subsistence economies. Cactus, as a multifunctional plant,
provides the opportunity of taking benefits from the whole plant: fruits, cladodes, flowers,
and seeds. This plant can offer not only fresh food but also processed products to the society
preserving its functional and medicinal potentials. During the last decade, the growing
interest in cactus has resulted in a large number of scientific papers describing the
conformation and the bioactivity of a whole extract and specific purified cactus compounds.

However, despite considerable research on its nutritional importance, medicinal uses,
and food value, cacti remain to be an underutilized and unexploited crop. The variety of uses
of cactus has immense potential to be an essential element of food and medicine in the future
society. This review provides an overview of the habitat, classification, phytochemistry,
chemical constituents, extraction and isolation of bioactive compounds, the nutritional and
pharmacological potential that contribute to its action as a constituent of the antimicrobial,
antioxidant, antidiabetic, anti-ulcer, cytotoxicity, cardioprotective, antigenotoxic, anti--

inflammatory, hepatoprotective and neuroprotective effects in order to give the basis of their
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use in the prevention and cure of some chronic diseases. Besides, information on pre-clinical

and clinical studies of different Cactus species have been discussed.
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Table 1. Traditional use of cactus as herbal medicines.

Parts of
Name Common Name | the cactus Therapeutic uses References
used*
Acanthocereus tetragonus . . ) (Estrada-Castillon et al.,
. Triangle cactus St Diabetes: eat raw or cooked (Mexico)
(L.) Hummelinck 2018)
Cephalocereus senilis (Haw.) P External wound: spread raw pulp on the affected (Estrada-Castillon et al.,
u
Pfeiff area (Mexico) 2018)
Cough, column, wound, furuncle, urinary infection,
Ma inflammation, kidney inflammation, rheumatism: (de Lucena et al., 2013)
drink syrup (Brazil)
Urinary tract infection and kidney problems: drink )
‘ \ ‘ ‘ (da Silva et al., 2019; de
Queen of the decoction (Brazil); Erysipelas: macerate in a bath
Cereus jamacaru DC. . ' Albuquerque, 2006;
night cactus St and apply as a plaster (Brazil); Sore throat, chest
_ ' Palheta, Tavares-
pain, lung problems, flu, quebranto: drink syrup
. _ ‘ ‘ ‘ Martins, Lucas, &
(Brazil); Kidney stone (Brazil); Kidney disease: _
) . ‘ Jardim, 2017)
scrape off the bark in the water and drink (Brazil)
Ro Kidney stone (Brazil) (da Silva et al., 2019)
Cereus hildmannianus ‘ o . (Quiroga, Meneses, &
Hedge cactus Mu Heat-stroke: direct application (Bolivia)

K.Schum.

Bussmann, 2012)
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Cereus spegazzinii

Snake-bite and wounds: grate, scorch and apply as a

compress to the wound (Argentina); Chest pain and

St ' ' (Suarez, 2019)
F.A.C.Weber myalgia: grate, scorch and directly apply to affected
muscles (Argentina)
Cipocereus bradei (Backeb. . _ _ _ o
) Ns Urinary tract infection (Brazil) (Bieski et al., 2015)
& Voll) Zappi & N.P.Taylor
Cylindropuntia imbricata Diabetes and cough: eat boiled fruit or drink (Estrada-Castillon et al.,
Tree cholla Fr o _
(Haw.) F. M. Knuth infusion (Mexico)! 2018)
Cylindropuntia leptocaulis . Dandruff: Cut into pieces, put them in water for a (Estrada-Castillon et al.,
Christmas cactus | Fr . .
(DC.) F.M. Knuth day, use the solution as shampoo (Mexico) 2018)
Disocactus alatus (Sw.) y O . ‘ o
‘ Ns Colic: infusion (Brazil) (Bieski et al., 2012)
Kimnach
Echinocereus poselgieri . Wound and muscle pain: Macerate raw roots and (Estrada-Castillon et al.,
Dabhlia cactus Ro ] )
Lem. use as a poultice (Mexico) 2018)
Anxiety: add to 1 liter of infusion prepared with .
Le . . (Armijos, Cota, &
plants that are used to treat anxiety and drink for
. Gonzalez, 2014)
Echinopsis pachanoi (Britton several days until recovery (Ecuador)
& Rose) Friedrich & G.D. San Pedro cactus Anti-inflammatory and wound disinfectant: clean
Rowley Pu the wound and use the cooked pulp as bandage (Armijos et al., 2014)
(Ecuador)
Ns Purgative: drink fresh juice is mixed with other (Armijos et al., 2014)
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plant preparations, known as cargados, in a fasting

state before breakfast for three days (Ecuador)

Epiphyllum phyllanthus (L.)

H Climbing cactus St Cancer and toothache: plaster (Brazil) (Palheta et al., 2017)
aw.
Harrisia adscendens (Giirke) o _ (L. F. Souza et al.,
) Ba Stomach acidity (Brazil)
Britton & Rose 2014)
Hylocereus trigonus (Haw.) Kidney stones, urinary tract problems, syphilis, (Randriamiharisoa et
Strawberry pear Ro
Saff. gonorrhea (Madagascar) al., 2015)
(Blanco & Thiagarajan,
-~ . _ _ _ 2017; Castro,
Hylocereus undatus (Haw.) . Digestive system disorder (Belize); Kidney stone _
‘ Dragon fruit Ns ¢ Lascurain-Rangel,
Britton & Rose (Mexico)
Gomez-Diaz, & Sosa,
2018)
Wounds and injuries: macerate in water and apply
Lepismium lumbricoides _ ‘ (Martinez & Barboza,
Wp with yerba mater (/lex paraguariensis A.St.-Hil.)
(Lem.) Barthlott ‘ 2010)
(Argentina)
Lophophora williamsii (Lem. . St R Arthritis: Cut into pieces, dip in alcohol and use as | (Estrada-Castillon et al.,
eyote t, Ro
Ex Salm-Dyck) J.M. Coult. a poultice (Mexico) 2018)
‘ Cardiovascular and dermatologic diseases, with _
Maihuenia patagonica (Phil.) . o ) (Molares & Ladio,
Ns analgesic and anti-inflammatory properties
Britton & Rose . 2014)
(Argentina)
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Marginatocereus marginatus | Mexican Ap Diarrhea: boil for ten minutes and drink (Mexico) (Hernandez et al., 2003)
(DC.) Backeb. fencepost cactus | Ns Diabetes (USA) (Johnson et al., 2006)
Melocactus bahiensis Amoeba, catarrh, whooping cough, cough: drink
. Ma ‘ (de Lucena et al., 2013)
(Britton & Rose) Luetzelb. syrup from marrow (Brazil)
Le Drink decoction for worm infection (Brazil) (Silva Fdos et al., 2014)
Melocactus zehntneri Contraceptive: One teaspoon plant powder mixed (Balakrishnan, Prema,
' Melon cactus
(Britton & Rose) Luetzelb. Ns with sugar taken on an empty stomach from the first | Ravindran, & Robinson,
day of the menstrual cycle up to 20 days (India) 2009)
Drink a hot or cold infusion of grated leaves for (Carag & Buot Jr, 2017,
cooling and cleanser (Trinidad and Tobago); Clement, Baksh-
Le Sprain: pound, put in the affected area, and wrapped | Comeau, & Seaforth,
with a piece of cloth (Philippines); Earache, 2015; Olowa &
toothache, and rheumatism (Philippines) Demayo, 2015)
Nopalea cochenillifera (L.) Cochineal nopal : —
Snake-bite (Trinidad and Tobago); Menopause, hot
Salm-Dyck cactus o ‘ (Cheryl Lans, 2007; C.
Jo flashes (Trinidad and Tobago); Kidney stones and
) o Lans, 2007; Lans, 2006)
hypertension (Trinidad and Tobago)
(Blanco & Thiagarajan,
Ns Infection and circulatory system disorder (Belize) 2017; Sewani-Rusike &
Mammen, 2014)
) ) Wound and sore healing: burn to ashes and mix
Opuntia aurantiaca Lindl. Tiger pear Le

with petroleum jelly for topical application (South
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Africa); Diabetes and hypertension: drink infusion
(South Africa)

Wound and abscess: remove the thorn and skin,
Cochineal nopal

(Samoisy &

Opuntia cochenillifera DC. St crush and bind onto the wound or abscess
cactus - Mahomoodally, 2015)
(Mauritius)
Constipation: Drink boiled ripe fruit in water with
sugar (Pakistan); Anti-inflammatory and _
‘ (Alagesaboopathi, 2009;
expectorant (Pakistan)
. ‘ ‘ Barkatullah et al., 2015;
Asthma and whooping cough: ripe fruit used as a
o Koche, 2008; Tariq et
Fr demulcent and expectorant while juice from the .
J . ' ' al., 2015; Upasani,
fruit is used in to treat asthma and whooping cough
‘ o ‘ ‘ Upasani, Beldar, Beldar,
(India); Gonorrhea: fruit is used (India); Snake-bite ‘ _
' ) ' ' & Gujarathi, 2018)
Opuntia dillenii (Ker-Gawl) and dog bite: fruit paste is applied on the wound
Erect prickly pear

Haw.

(India); Snake-bite (India)

Guinea worms: A poultice made from the leaves is

(Jain, Shrivastava, &

Le used to extract guinea worms (India); Wounds: Samar, 2018; Koche,
apply a poultice of the crushed stem (India) 2008)
' (Rahmatullah et al.,
Sa Applied to the paralyzed area (Bangladesh) 2011)

S Hypertension (Nigeria); Antiphlogosis and
t
unknown swollen part of the body (China); Dysuria

(Ajayi, Moody, &
Anthony, 2019; Gao et
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and constipation: remove the bark and take one
small slice of pulp on an empty stomach or take one

macerated with the piece with sugar (Bangladesh)

al., 2019; Rahmatullah
etal., 2013)

Parotitis, carbuncle, burn: Pound fresh part and

apply on the affected area (China); Joint pains:

(Anand, Velmurugan, &
Revathi, 2016; Hong et
al., 2015; Shaheen,

Wp
apply the paste to the affected area (Pakistan); Qaseem, Amjad, &
Cough, asthma, and gonorrhea (India); Bruschi, 2017;
Contraceptive (India) Vedavathy, Sudhakar,
& Mrdula, 1997)
% Al . ' (Das, Badore, Patel, &
Digestive disorder and rheumatism: Eat the pulp
‘ Deshmukh, 2016;
(India)
Ns D o S ‘ Panghal, Arya, Yadav,
Ulcers, syphilis, tuberculosis, jaundice, liver disease
. . ' Kumar, & Yadav, 2010;
(India); Fistula (India)
Sen & Bhakat, 2018)
Opuntia elata var.
Boils and abscess: remove thorns, cut in half, and (Martinez & Barboza,
cardiosperma (K. Schum.) R. Cl ‘
o place to the dew before use (Argentina) 2010)
Kiesling
Liver disorder: Drink two tablespoon of crushed (Pandey & Mavinkurve,
_ Red-flower . ‘ ‘ _ ‘
Opuntia elatior Mill. ‘ St stem mixed with warm water thrice a day (India); 2014; Pandita et al.,
prickly pear

Carminative, digestive, expectorant, diuretic,

2013)
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1
2
i purgative; bronchitis, leukoderma, splenomegaly,
5 dysuria, vesicular calculi, ophthalmic disorders,
6
7 whooping cough, asthma, and gonorrhea (India)
g Opuntia engelmannii Salm- Diabetes: Eat raw or boiled, cut into pieces (Estrada-Castillon et al.,
Cactus apple Fr ‘
1? Dyck ex Engelm (Mexico) 2018)
12 Contusions, digestive diseases, hematomas, kidney
13 ' ' ' o (Teresa Tuttolomondo
14 ‘ Cl diseases, and wounds: decoction, direct application,
15 S etal., 2014)
16 and infusion (Italy)
17 Heatstroke, sunburn, yellow fever, renal problems, _
18 Ex . o o (Quiroga et al., 2012)
19 ‘ gastritis: use cataplasm, bath, or infusion (Bolivia)
20
21 Contusions, digestive diseases, hematomas, kidney | (T. Tuttolomondo et al.,
;g ‘ diseases, and wounds: decoction, direct application | 2014; Teresa
Barbary fig; Fl

24 Opuntia ficus-indica (L.) ) and infusion (Italy); Digestive disorder: drink Tuttolomondo et al.,
25 . Common prickly
26 Miller infusion or decoction (Italy) 2014)
27 pear — FAR - -
28 Diuretic and treatment for digestive disorders (Ahmet Sargin, 2015;
;g ‘ (Italy); Wounds (Mexico); Stretch marks and de-De la Cruz et al.,
21 wrinkles: apply once a day for one week 2014; Erbay et al.,

2
33 Fr (Morocco); Joint dislocation and tonsillitis: apply 2016; Khan & Ahmad,
34 . . . . :
35 ‘ aerial parts boiled, heated, or made into a poultice 2015; Maroyi, 2017,
g? with salt once a day for one to two weeks (Turkey); | Messaoudi et al., 2015;
38 Antispasmodic, diuretic, emollient, astringent, Pandita et al., 2013; T.
39
40
41
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diarrhea, colitis, irritable bowel syndrome and
benign prostatic hypertrophy (India); Liver and
kidney inflammation: eat three raw fruits of the
white variety daily for three weeks (Peru); Anemia:
eat raw fruit (Turkey); Digestion enhancer: eat raw

or juice (Pakistan)

Tuttolomondo et al.,

2014)

Dandruff: Boil in sesame oil and rub hair skin

(Anand et al., 2016; Issa

La before wash (Sudan); Diabetes, burns, bronchial,
asthma, and indigestion (India) ctal, 2018)
Anthrax: Place it on fire and apply it on skin lesions | (Al-Fatimi, 2019;
while hot (Ethiopia); Wounds (Mexico); Amuri, Maseho, Simbi,
Cholesterol: Drink liquefied leaves (Mexico); Skin | Duez, & Byanga, 2018;
emollient (Italy); Malaria: Mix pounded sun-dried | Belayneh, Asfaw,
leaves into cold water for five minutes, filter and Demissew, & Bussa,
Lo drink 300 mL daily (Nigeria); Diabetes and 2012; Bussmann &

hemorrhage: chew (Congo); Chronic wound: Crush,
squeeze and drink the juice (Yemen); Burn: apply
the mucilaginous extract of the fresh leaves on the
burns (Morocco); Diabetes: drink 300 mL infusion
thrice a day (South Africa); Bronchitis and fatigue
(Brazil); Hair fungus: crush and apply topically

Glenn, 2010; da Silva et
al., 2019; Khan &
Ahmad, 2015; Lara
Reimers et al., 2019;
Loi, Maxia, & Maxia,
2005; Maema,
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(Ethiopia); Hair loss: apply fresh leaves topically
(Peru); Digestion enhancer: eat raw or extract

(Pakistan); Caries: pound and chew (Madagascar)

Potgieter, & Mahlo,
2016; Maroyi, 2017,
Omosun, Okoro,
Ekundayo, Ojimelukwe,
& Ibe, 2013; Ranjarisoa,
Razanamihaja, &
Rafatro, 2016; Salhi,
Bouyahya, Fettach,
Zellou, & Cherrah,
2019; Teklay, Abera, &

Giday, 2013)
Ma Asthma, whooping cough and cough (Brazil) (de Lucena et al., 2013)
Shingles from HIV-AIDS: Roots are cooked and
the resulting liquid is used to wash the sores (South | (Maema et al., 2016;
Africa); Chest complain: drink one cup of decoction | Mongalo & Makhafola,
Ro thrice a day (South Africa); Toothache: rinse the 2018; S Semenya,
mouth with a half cup of decoction (South Africa); | Potgieter, & Erasmus,
Diabetes mellitus and gonorrhea (South Africa); 2012; S. S. Semenya &
Asthma: pound and take orally with warm water Maroyi, 2018)
thrice a day (South Africa)
St Hypertension: drink decoction (South Africa); Inner | (Ahmet Sargin, 2015;
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gel is used as lenitive for skin (Italy); Joint
dislocation and tonsillitis: apply aerial parts boiled,
heated, or made into a poultice with salt once a day
for one to two weeks (Turkey); Diarrhea: drink
decoction (Philippines); Piles and toothache
(Lesotho); Acne: topical application; Diabetes: eat
raw or cooked (Mexico); Bronchitis and
rheumatism: drink one glass of the decoction three
times a day or compress the mashed stem to
affected muscles (Turkey); Antispasmodic, diuretic,
emollient, astringent, diarrhea, colitis, irritable
bowel syndrome and benign prostatic hypertrophy
(India); Tuberculosis: Cook peeled jelly-type
branch with wild onion and ghee until dry and eat
after meal three times a day (India); Bronchitis and

fatigue (Brazil)

Belayneh et al., 2012;
da Silva et al., 2019;
Estrada-Castillon et al.,
2018; Giines, Savran,
Paksoy, Kosar, &
Cakilcioglu, 2017;
Kose, Moteetee, & Van
Vuuren, 2015; Mautone,
De Martino, & De Feo,
2019; Pandita et al.,
2013; Raj et al., 2018;
SS Semenya &
Potgieter, 2014; Siew et
al., 2014; Tantengco,
Condes, Estadilla, &
Ragragio, 2018;
Tshikalange,
Mophuting, Mahore,
Winterboer, & Lall,
2016)

Ns

Cyst and goiter: applied by pounding gently as a

(Arquion, Galanida,

64

http://mc.manuscriptcentral.com/ptr

Page 64 of 91



Page 65 of 91

oNOYTULT D WN =

Phytotherapy Research

poultice (Philippines); Dandruff (Ethiopia); Malaria
(Italy); Postpartum hemorrhage: combined with
Periploca linearifolia

Quart.Dill. & A.Rich., the juice is collected,
filtered, and used as ink to write on paper as a

charm hung around the neck (Ethiopia)

Villamor, & Aguilar,
2015; Belayneh &
Bussa, 2014; d'Avigdor,
Wohlmuth, Asfaw, &
Awas, 2014; Tagarelli,
Tagarelli, & Piro, 2010)

' . - (Carri6 & Valles, 2012;
Fr Diarrhea: Eat raw (Spain); Bronchitis and cough: ' )
o ” W drink ® D Vinagre, Vinagre, &
untia maxima Mill. Pric ear rink syrup (Portuga
r yP s Carrilho, 2019)
La, Le Bronchitis and cough: drink syrup (Portugal) (Vinagre et al., 2019)
Constipation: take 4—6 drops of latex with +8-ten
La ‘ (Arshad et al., 2014)
drops of honey (Pakistan)
Piles, pox strains, rheumatism, and leprosy: applied
Mu . ' . ' (Arshad et al., 2014)
as an ointment with turmeric (Pakistan)
Common prickly — :
Opuntia monacantha Haw Fr Used to treat gonorrhea and syphilis (Pakistan) (Arshad et al., 2014)
pear
Ash of the stem is also act as cathartic (Pakistan);
St ) ) (Arshad et al., 2014)
Dysentery: decoction (India)
W Digestive disorder and rheumatism: Eat the pulp (Sen & Bhakat, 2018;
p
(India); Aids in digestion (Pakistan) Tariq et al., 2015)
Diabetes: broiled, scrambled with eggs, or blended | (Noé€l, Pugh, Larme, &
Opuntia streptacantha Lem. St

for juice (USA)

Marsh, 1997)
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FL. Fr Eaten raw for hoarseness of voice (India) (Pratap & Prasad, 2009)
Malaria: drink juice extract (Nigeria); Stroke: drink
_ . . . (Iyamah & Idu, 2015;
Opuntia stricta (Haw.) Haw. | Erect prickly pear | Le one cup of decoction thrice a day; Toothache: rinse
' o ' Maema et al., 2016)
the mouth with a half cup of infusion (South Africa)
Wp Skin and wound healing: Apply the pulp (India) (Sen & Bhakat, 2018)
. ' ' Dermatitis: extract their mucilaginous material from
Opuntia triacantha (Willd.) | Jumping prickly ' .
Le the leaf, add cooking oil, make a paste and apply (Adnan et al., 2014)
Sweet apple ) ‘
topically (Pakistan)
Pilosocereus pachycladus F. | Blue columnar _ .
_ Wp Anemia: eat cooked plant (Brazil) (de Lucena et al., 2013)
Ritter cactus
‘ Barbados N ‘ o
Pereskia aculeata Mill. Ns Anemia: infusion (Brazil) (Bieski et al., 2012)
gooseberry
Pang (muscle pain), sore muscles and dehydration _
Needle Seven Le o o -~ (Quiroga et al., 2012)
Pereskia sacharosa Griseb. Blad in children: infusion (Bolivia)
ade
Ns Anemia (Brazil) (Bieski et al., 2015)
Rhipsalis baccifera (J.S. . Drink infusion or decoction for diabetes (Trinidad
Mistletoe cactus | Le, St (Clement et al., 2015)
Muell.) Stearn and Tobago).
Stenocereus stellatus (Pfeiff.) | Baja organ pipe ) ‘ ‘ ‘
‘ Ap Dysentery: boil for ten minutes and drink (Mexico) | (Herndndez et al., 2003)
Riccob. cactus
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1

2

i 1 *Parts of the cactus used: Ap = Aerial part; Ba = Bast; Cl = Cladode; Ex = Exudate; FI1 = Flower; Fr = Fruit; In = Indument; Jo = Joint; La =
5 2 Latex; Le = Leaf; Ma = Marrow; Mu = Mucilage; Ns = Not specified; Pu = Pulp; Ro = Root; Sa = Sap; Se = Seed; St = Stem; Va = Vascular
6

7 3 tissue; Wo = Wood; Wp = Whole plant

8

9 4

10 5

11

12 6  Table 2. Selected examples of bioactive compounds recently identified in cactus plants.

13

14 Cactus species | Plant Product/Group | Compounds Extraction | Extraction Reference
12 part of compounds technique solvent

:273 Opuntia ficus- | Fruit Betalains Histidine, glutamine, y-aminobutyric acid-Bx, | QuEChERS | Methanol 90% | (Smeriglio et
19 indica (L.) pulp proline-Bx, methionine-Bx, al., 2019)
20 .

2 Mill. betanidin-5-0-B-glucoside,

;g 1sobetanidin-5-O-B-glucoside,

;;‘ betanidin-6-0O-B-glucoside, and betanidin

26 O. ficus-indica | Fruit Phenolics Protocatechuic acid-hexoside, myricetin- Sonication | Methanol (Mena et al.,
27

28 pulp hexoside, ferulic acid derivative, ferulic acid- (80%) 2018)

gg hexoside, guaiacyl(t§8-O-4)guaiacyl-hexoside, acidified with

g; sinapic acid-hexoside, syrinigyl(t8-O- formic acid

33 4)guaiacyl, isorhamnetin-rhamnose-rutinoside, (1%)

34

35 quercetin-hexoside-pentoside, isorhamnetin

g? derivative, dihydrosinapic acid hexoside,

38 secoisolariciresinol-hexoside, isorhamnetin

39

40

41

42 67
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derivative, quercetin-hexoside, syringaresinol,
naringenin-hexoside, isorhamnetin-rutinoside,
naringin, guaiacyl(8-O-4)syrinigyl(8—
8)guaiacyl-hexoside, feruloyl derivative,

trihydroxy-methoxy-flavonol

O. ficus-indica

var. gialla

Fruit

peels

Betalains and

phenolics

Betalains: indicaxanthin isomer I,
indicaxanthin isomer II, and betanidin-5-O--
glucoside (betanin); Phenolics: piscidic acid,
eucomic acid, isorhamnetin-O-(di-
deoxyhexosyl-hexoside), isorhamnetin-O-(di-
deoxyhexosyl-hexoside),
iserhamentinisorhamnetin-O-(deoxyhexosyl-
pentosyl-hexoside),
isorhamentinisorhamnetin-O-(deoxyhexosyl-
pentosyl-hexoside),
iserhamentinisorhamnetin-O-(pentosyl-
hexoside), iserhamentinisorhamnetin-O-
(deoxyhexosyl-hexoside), and
isorhamentinisorhamnetin-O-(deoxyhexosyl-

hexoside)

Maceration

with stirring

Ethanol:
water, 80:20

viv

(Melgar et al.,
2017)

O. ficus-indica

Fruit

Phenolics

Protocatechuic acid-hexoside, myricetin-

Sonication

Methanol

(Mena et al.,
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peels

hexoside, ferulic acid derivative, ferulic acid-
hexoside, guaiacyl(t8-0O-4)guaiacyl-hexoside,
sinapic acid-hexoside, quercetin-rhamnose-
hexoside-rhamnose, rutin-pentoside,
syrinigyl(t8-O-4)guaiacyl, kaempferol-di-
rhamnose-hexoside, isorhamnetin- rhamnose-
rutinoside, quercetin-hexoside-pentoside,
isorhamnetin derivative,dihydrosinapic acid
hexoside quercetin-3-O-rutinoside (rutin),
secoisolariciresinol-hexoside, isorhamnetin
derivative, quercetin-hexoside, kaempferol-
rutinoside, syringaresinol, naringenin-
hexoside, isorhamnetin-rutinoside,
isorhamnetin-C-hexoside, naringin,
guaiacyl(8-0-4)syrinigyl(8—8)guaiacyl-

hexoside, and trihydroxy-methoxy-flavonol

(80%)
acidified with
formic acid

(1%)

2018)

O. ficus-indica

var. sanguigna

Fruit

peels

Betalains and

phenolics

Betalains: indicaxanthin isomer I,

indicaxanthin isomer II, betanidin-5-O-f-

glucoside (betanin), and isobetanin; Phenolics:

eucomic acid, isorhamnetin-O-(di-

deoxyhexosyl-hexoside), isorhamnetin-O-(di-

Maceration

with stirring

Ethanol:
water, 80:20

v/iv

(Melgar et al.,
2017)
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deoxyhexosyl-hexoside),
isorhamentinisorhamnetin-O-(deoxyhexosyl-
pentosyl-hexoside),
iserhamentinisorhamnetin-O-(deoxyhexosyl-
pentosyl-hexoside),
isorhamentinisorhamnetin-O-(pentosyl-
hexoside), iserhamentinisorhamnetin-O-
(deoxyhexosyl-hexoside), and
isorhamentinisorhamnetin-O-(deoxyhexosyl-

hexoside)

O. ficus-indica

Young

cladodes

Phenolics

Protocatechuic acid-hexoside, myricetin-
hexoside, ferulic acid derivative, ferulic acid-
hexoside, guaiacyl(t§8-O-4)guaiacyl-hexoside,
sinapic acid-hexoside, quercetin-rhamnose-
hexoside-rhamnose, rutin-pentoside,
syrinigyl(t8-O-4)guaiacyl, kaempferol-di-
rhamnose-hexoside, isorhamnetin- rhamnose-
rutinoside, quercetin-hexoside-pentoside,
isorhamnetin derivative, dihydrosinapic acid
hexoside quercetin-3-O-rutinoside (rutin),

secoisolariciresinol-hexoside, isorhamnetin

Sonication

Methanol
(80%)
acidified with
formic acid

(1)

(Mena et al.,
2018)
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derivative, quercetin-hexoside, kaempferol-
rutinoside, syringaresinol, naringenin-
hexoside, isorhamnetin-rutinoside,
isorhamnetin-C-hexoside, naringin,
guaiacyl(8-0-4)syrinigyl(8—8)guaiacyl-

hexoside, and trihydroxy-methoxy-flavonol

O. ficus-indica

Old

cladodes

Phenolics

Protocatechuic acid-hexoside, myricetin-
hexoside, ferulic acid derivative, ferulic acid-
hexoside, guaiacyl(t8-0O-4)guaiacyl-hexoside,
sinapic acid-hexoside, quercetin-rhamnose-
hexoside-rhamnose, rutin-pentoside,
syrinigyl(t8-O-4)guaiacyl, kaempferol-di-
rhamnose-hexoside, isorhamnetin- rhamnose-
rutinoside, quercetin-hexoside-pentoside,
isorhamnetin derivative, quercetin-hexoside,
dihydrosinapic acid hexoside quercetin-3-O-
rutinoside (rutin), secoisolariciresinol-
hexoside, isorhamnetin derivative, quercetin-
hexoside, kaempferol-rutinoside,
syringaresinol, naringenin-hexoside,

isorhamnetin-rutinoside, isorhamnetin-C-

Sonication

Methanol
(80%)
acidified with
formic acid

(1)

(Mena et al.,
2018)
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hexoside, naringin, guaiacyl(8-O-
4)syrinigyl(8—8)guaiacyl-hexoside, and

trihydroxy-methoxy-flavonol

O. ficus-indica | Cladodes | Phenolics Cyanidin-Glu, pelargonidin-Glu, petunidin- Ultra-turrax | Formic acid (Rocchetti et
Glu, delphinidin-Glu, malvidin-Glu, luteolin- (0.1%) in al., 2018)
Glu;, apigenin-Glu, isoflavonoids, myricetin- 80:20 (v/v)
Glu, quercetin-Glu, kaempferol-Glu, methanol/wate
isorhamnetin-Glu, furofurans, r
dibenzylbutyrolactone, alkylphenols,
hydroxybenzaldehydes, hydroxycoumarins,
tyrosols, hydroxybenzoics,
hydroxyphenylpropanoics, and
hydroxycinnamics

O. ficus-indica | Flowers | Phenolics Phenolic acids (quinic, gallic, protocatechuic, | Maceration | Water, (Ammar et al.,
chlorogenic, 4-O-caffeoylquinic, caffeic, p- and soxhlet | methanol, 2018)
coumaric, trans ferulic and rosmarinic acids); acetonitrile,
flavonoids (Kaempferol-3-O-rutinoside, rutin, acetone,
hyperoside, 4.5-di-O-caffeoyl quinic acid, ethylacetate,
quercetin-3-O-rhamonoside, isorhamnetin-3- dichlorometha

O-rutinoside, isorhamnetin, 3-O-glucoside,

apegenin and kaempferol 3-O-arabinoside)

ne, and hexane
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O. ficus-indica | Seeds Oil Fatty acids (linoleic, oleic acid, palmitic and Soxhlet and | Hexane (Loizzo et al.,
stearic acids), y-tocopherol, and carotenoids ultrasound- 2019)
assisted
maceration
process
Opuntia ficus- | Fruit Phenolics p-Hydroxy benzoic acid, vanillin, gentisic Combinatio | Acetone (Kivrak et al.,
barbarica A. pulp acid, protocatechuic acid, p-coumaric acid, n of 2018)
Berger canillic acid, chrysin, gallic acid, cacid, ferulic | maceration
acid, homogentisic acid, luteolin, naringenin, | and
myricetin, pyrogallol, rutin, quercetin, ultrasonic
pyrocatechol, 3,4-dihydroxy benzaldehyde, extraction
trans-cinnamic acid
Opuntia Fuit pulp | Betalains and Betalains: Betanin, 17-decarboxy-betanin, Maceration | Methanol: (Betancourt et
dillenii (Ker- phenolics isobetanin, 17-decarboxy-isobetanin, 6'-O- at 10 °C water (60:40) | al., 2017)
Gawl) Haw sinapoyl-O-gomphrenin, 6'-O-sinapoyl-O- followed by
isogomphrenin, 2'-0-apiosyl-4-O- purification
phyllocactin, 5"-O-E-sinapoyl-2'-apiosyl- and
phyllocactin, tryptophan-betaxanthin, fractionatio
tyrosine-betaxanthin, and proline-betaxanthin; | n

Phenolics: isorhamnetin-3-glucuronide and

quercetin-3-O-glucoside
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Opuntia Fruit Betalains and Betalains: betanidin-5-O-B-sophoroside, Maceration | Ethanol: (Melgar et al.,
engelmannii peels phenolics Betanidin-5-O-B-glucoside (betanin), with stirring | water, 80:20 2017)
Salm-Dyck ex isobetanin, gomphrenin, and betanidin; v/v
Engelm. Phenolics: quercetin-3-O-rutinoside,

kaempferol-3-O-rutinoside,

isorhamentinisorhamnetin-O-(deoxyhexosyl-

hexoside), iserhamentinisorhamnetin-O-

(deoxyhexosyl-hexoside), and isorhamnetin-3-

O-glucoside
Opuntia Fruit Phenolics p-Hydroxy benzoic acid, vanillin, gentisic Combinatio | Acetone (Kivrak et al.,
robusta J.C. pulp acid, protocatechuic acid, p-coumaric acid, n of 2018)
Wendl. canillic acid, chrysin, gallic acid, cacid, ferulic | maceration

acid, homogentisic acid, luteolin, naringenin, | and

myricetin, pyrogallol, rutin, quercetin, ultrasonic

pyrocatechol, 3,4-dihydroxy benzaldehyde, extraction

syringic acid
Hylocereus Fruit Betalains Betanin, isobetanin, phyllocactin, SFE CO; and (Fathordoobady
polyrhizus peels butyrylbetanin, hylocerenin, isophyllocactin, ethanol/water | et al., 2019)
(F.A.C.Weber) isobutyrylbetanin, 2'-apiosyl-phyllocactin, and as co-solvent
Britton & Rose 2'-apiosyl-isophyllocactin
Mammillaria | Fruits Betacyanins Betanidin 5-O-B-sophoroside, isobetanidin 5- | Grinding Water (Wybraniec &
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Spp.

O-B-sophoroside, betanin, isobetanin,
betanidin 5-O-(6"-O-malonyl)-B-sophoroside,
isobetanidin 5-O-(6'-O-malonyl)-f-
sophoroside, betanidin 5-O-(4'-O-malonyl)-p-
sophoroside, isobetanidin 5-O-(4'-O-malonyl)-
B-sophoroside, phyllocactin, isophyllocactin,
4'-0O-malonyl-betanin, 4’-O-malonyl-
isobetanin, 2'-O-apiosyl-phyllocactin, and 2'-
O-apiosyl-isophyllocactin

Nowak-Wydra,
2007)

Pereskia

aculeata Mill.

Leaves

Phenolics

cis Caftaric acid, frans caftaric acid, caffeic
acid derivative, quercetin-O-pentoside-O-
rutinoside, quercetin-O-pentoside-O-hexoside,
quercetin-3-O-rutinoside, isorhamnetin-O-
pentoside-O-rutinoside, isorhamnetin-O-
pentoside-O-hexoside, kaempferol-3-O-

rutinoside, and isorhamnetin-3-O-rutinoside

Maceration
with

agitation

70% Ethanol

(J. A. Garcia et
al., 2019)

P. aculeata

Leaves

Phenolics

Total content

Maceration

Successively
with
petroleum
ether,

chloroform,

(Lucéia Fatima
Souza et al.,

2016)
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and methanol

P. aculeata Leaves | Essential oils (E)-B-Lonone, dihydro-B-agarofuran, cis- Hydrodistill | Water

dihydro-mayurone, caryophyllene oxide, a- ation

Muurolol, ar-tumerone, 14-hydroxy-(Z)-

caryophyllene,(Z)-3-hexenyl salicylate, 14-

hydroxy-9-epi-(E)-caryophyllene, 2-hexyl-

(E)-cinnamaldehyde, 1-octadecene, 2-

ethylhexyl , acorone, cyclopentadecanolide, 1-

nonadecen-ol, (Z, Z)-methyl-4,6-

hexadecadiene, (SE,9E)-farnesyl acetone,

methyl hexadecanoate, isopropyl

hexadecanoate, methyl linoleate, methyl

octadecanoate, linoleic acid, and phytol
Pereskia bleo | Leaves Antioxidants a-Tocopherol, B-sitosterol, and erythritol SFE CO; and (Sharif et al.,
(Kunth) DC. ethanol 2015)
Polaskia Plant Triterpenoid Chichipenoside A methyl ester, Maceration | Chloroform (Fujihara et al.,
chichipe saponins chichipenoside A, chichipenoside B, / isolation followed by 2017)
Backbg. chichipenoside B methyl ester, chichipenoside | silica gel methanol

C, oleanolic acid 3-O-B-D- column

glucopyranosyl(1—2)-[a-L- chromatogr

rhamnopyranosyl(1—3)]-B-D-glucopyranosyl | aphy
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28-0-B-D glucuronopyranoside, and -

sitosterol 3-O-glucoside

Stenocereus Red Betalains and Betalains: Gomphrenin I, isogomphrenin I, 2- | Ultrasonic | Methanol:trifl | (Garcia-Cruz et
pruinosus fruits phenolics descarboxy-betanin, phyllocactin, 4’-O- bath uoroacetic al., 2017)
(Otto ex malonyl-betanin or betanidin-5-O-(6’-O-3- acid 1% in
Pfeiff.) Buxb. hydroxy-butyryl)-pB-glucoside, water (80:20,

isophyllocactin, 6’-O-malonyl-2- v/v)

descarboxybetanin, betanidin derivative, 6’-O-

malonyl-2-descarboxyisobetanin,

isoindicaxanthin, and indicaxanthin,;

Phenolics: caffeoyl hexoside I, caffeoyl

hexoside II, p-coumaroyl quinic acid,

quercetin 3-O-rutinoside, and isorhamnetin

hexoside
Stenocereus Red Betalains and Betalains: Gomphrenin I, isogomphrenin I, 2- | Ultrasonic | Methanol:trifl | (Garcia-Cruz et
stellatus fruits phenolics descarboxy-betanin, phyllocactin, 4’-O- bath uoroacetic al., 2017)
(Pfeiff.) malonyl-betanin or betanidin-5-O-(6’-O-3- acid 1% in
Riccob. hydroxy-butyryl)-B-glucoside, water (80:20,

isophyllocactin, 6’-O-malonyl-2- V/v)

descarboxybetanin, betanidin derivative, 6’-O-

malonyl-2-descarboxyisobetanin,
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isoindicaxanthin, and indicaxanthin;
Phenolics: caffeoyl hexoside I, caffeoyl
hexoside 11, feruloyl dihexoside, p-coumaroyl
quinic acid, quercetin 3-O-rutinoside,
kaempferol hexoside, eriodictyol hexoside,
eriodictyol acetylhexoside, naringenin

acetylhexoside, and taxifolin acetylhexoside

Table 3: Pharmacological potentials of Cactus

B. subtilis, M. lysodeikticus,

E. faecalis, K. pneumoniae,

oxysporum

E. coli, P. fluorescens Candida albicans, Trichoderma
harzianum, Penicillium cyclopium, Aspergillus niger,

Doratomyces stemonitis, Phialophora fastigiata, Fusarium

Cactus species Part/Extract Mode of action/study References
Antimicrobial
Opuntia dillenii Fruit extract Disc diffusion assay against (Katani¢ et al., 2019)
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Opuntia albicarpa | Seed oil Disc diffusion assay against Escherichia coli, (Ramirez-Moreno et al., 2017)
Staphylococcus aureus, Listeria monocytogenes,
Pseudomonas aeruginosa, Saccharomyces cerevisiae, and
Candida albicans
Opuntia ficus- Seed oil Disc diffusion assay against Escherichia coli,
indica Staphylococcus aureus, Listeria monocytogenes,
Pseudomonas aeruginosa Saccharomyces cerevisiae, and
Candida albicans
Opuntia ficus- Cladode extract Antibacterial activity against Escherichia coli, Salmonella (Blando et al., 2019)
indica enterica ser. Typhimurium,
Enterobacter aerogenes, Enterococcus faecalis,
Staphylococcus aureus
Antibiofilm activity against Staphylococcus aureus
Opuntia Bioextract Disc diffusion assay against Salmonella typhimurium (Cenobio-Galindo et al., 2019)
oligacantha

Pereskia aculeata

Ethanolic leaf;
chloroform and
methanholic leaf

extract

MIC study against Escherichia coli, Klebsiella pneumoniae,
Morganella morganii, Proteus mirabilis, Pseudomonas
aeruginosa, Enterococcus faecalis, Listeria

monocytogenes, Methicillin-resistant Staphylococcus aureus

(J. A. Garcia et al., 2019;
Lucéia Fatima Souza et al.,

2016)

Pereskia

grandifolia

Methanolic leaf

Pseudomonas aeruginosa, Staphylococcus aureus, and

Bacillus subtilis

(Philip et al., 2009)

79

http://mc.manuscriptcentral.com/ptr




oNOYTULT D WN =

Phytotherapy Research

Pereskia bleo

Methanolic and ethyl
acetate leaves extracts;

its dichloromethane

P. aeruginosa,

methicillin-resistant S.aureus

(Wahab et al., 2009)

Antiviral
Opuntia Cladode extract Intracellular virus replication inhibition and extracellular (Ahmad et al., 1996)
streptacantha virus inactivation
Opuntia spp. Stem extract Inhibits intracellular replication (Gentile et al., 2004)
Opuntia dillenii Methanolic fruit Antiviral activity against herpes simplex, vaccinia, vesicular | (Jang et al., 2014)
extract stomatitis virus, coxsackie-virus, respiratory syncytieal
virus, feline corona-virus, feline herpes virus, para-influenza
virus, reo virus-1, sindbis virus, and puntatorovirus
Antioxidant
Opuntia Hydroalcoholic extract | Scavenging DPPH radical (Benattia & Arrar, 2018)

ficus-indica

Reducing power of Fe?*

(FRAP assay)

Opuntia

ficus-indica

Fruit extract

MDA and GSH study in rat erythrocytes, Increase in the

level of superoxide dismutase (SOD), reduced glutathione

(GSH)

(Abd El-Razek & Hassan,
2011; Alimi et al., 2012; Alimi
etal., 2013)

Opuntia
fleusindicaficus
Indica

By-products obtained
from cladodes and

fruits (fibers)

ABTS and FRAP assay

(Bensadon et al., 2010)
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Opuntia ficus indica

(L.) Mill.

Whole fruit juice

DPPH scavenging assay, Trolox-equivalent antioxidant
capacity (TEAC). and oxygen radical absorbance capacity
(ORAC) assays

(Albano et al., 2015; Enza
Maria Galati et al., 2003)

Opuntia ficus indica

f. inermis

Methanolic root

extract

DPPH, reducing power

(Alimi et al., 2010)

Opuntia ficus-
indica (L.) Mill.

Polysachharides

Polysaccharides from

cladode extracts

DPPH, reducing power, metal chelating assay

(Ben Saad et al., 2017)

Opuntia ficus- Cladode extract Oxygen Radical Absorbance Capacity (ORAC) Trolox (Blando et al., 2019)
indica equivalent antioxidant capacity (TEAC) and cellular
antioxidant activity in red blood cells (CAA-RBC)
Opuntia dillenii Fruit extract DPPH, ABTS scavenging assay, (Katani¢ et al., 2019)
Opuntia ficus- Seed oil extract ABTS, DPPH, FRAP, and B-carotene bleaching tests (Loizzo et al., 2019; Ramirez-

indica (variety:
Sanguigna and

Surfarina)

Moreno et al., 2017)

Opuntia albicarpa

Seed oil extract

DPPH scavenging assay

(Ramirez-Moreno et al., 2017)

Opuntia Bioextract DPPH, ABTS scavenging assay (Cenobio-Galindo et al., 2019)
oligacantha
Opuntia elatior Hydroalcoholic extract | DPPH scavenging assay (Chintu et al., 2017)
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of the fruit

Opuntia dillenii

Methanolic fruit

extract

DPPH, hydrogen peroxide and hydroxyl radicals scavenging

assay

(Jang et al., 2014)

Opuntia stricta

Ethanol extract of

cladode

DPPH, Nitric oxide, Hydrogen peroxide,

Phosphomolybdenum scavenging assay

(Izuegbuna et al., 2019)

Pereskia aculeata

Aqueous ethanolic
leaf extract;

Leaf extract;
methanolic leaf
extract;

Fruit extract

DPPH, ABTS, OH radicals scavenging assay; DPPH
bioautography; ORAC assay

(da Silva et al., 2019; Pinto et
al., 2012; Ruiz del Castillo,
Santa-Maria, Herraiz, &

Blanch, 2003; Luc¢ia Fatima

Souza et al., 2016)

Pereskia bleo

Ethyl acetate, hexane,
methanol, ethanol leaf

extract

DPPH scavenging

(Hassanbaglou et al., 2012;
Sim et al., 2010; Wahab et al.,

2009)

Antidiabetic

Opuntia ficus-
indica (variety:

Sanguigna and

Seed oil extract

a-amylase and a-glucosidase enzyme inhibitory assay

(Loizzo et al., 2019)

Surfarina)
Opuntia ficus- Oil extract Decrease post-prandial hyperglycaemia. Decrease serum (Abd El-Razek & Hassan,
indica Boiled cactus stem glucose level, decrease serum insulin, and plasma glucose- | 2011; Berraaouan et al., 2015;
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Aqueous extract fruit
skin and pulp extract
aqueous extract dry

powder

dependent insulinotropic peaks,

Increase in plasma insulin

Berraaouan et al., 2014;
Godard et al., 2010; Hwang et
al., 2017; Lopez-Romero et al.,
2014; Roman-Ramos et al.,
1995; Van Proeyen et al.,
2012)

14 Opuntia

oligacantha

Methanolic fruit

extract

a-Amylase and a-glucosidase enzyme inhibitory assay

(Medina-Pérez et al., 2019)

17 Opuntia elatior

Hydro-alcoholic

extract of the fruit

a-Amylase inhibitory assay

(Chintu et al., 2017)

21 Opuntia

streptacantha

Fruit juice

a-Glucosidase enzyme inhibitory assay;

blocking the hepatic glucose output in streptozetoein
streptozotocin-induced diabetic rats

(Andrade-Cetto & Wiedenfeld,
2011; Becerra-Jiménez &

Andrade-Cetto, 2012)

26 Pereskia bleo

Aqueous leaf, stem

and root extracts

decreased fasting plasma glucose level in alloxanised

alloxanized diabetic rat

(Mat Darus & Mohamad,
2017)

Anti-inflammatory

31 Opuntia dillenii

Alcoholic flower,
fruits, and stem

Aqueous fruit extracts

Anti-inflammatory

Analgesic in carrageenan-induced rat paw eedema test

(Ahmed et al., 2005; Loro et
al., 1999)

Opuntia ficus-
38 indica

Methanol extract of

stem

Anti-inflammatory activity in adjuvant-induced chronic

inflammation model in mice

(Park et al., 2001)
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Opuntia stricta

Ethanol extract of

cladode

RAW 264.7 cells based anti-inflammatory assay

(Izuegbuna et al., 2019)

Pereskia bleo

Dichloromethane

extract of leaves

Carrageenan-induced paw edema in rats

(Qureshi et al., 2019)

Pereskia aculeate

Methanolic leaf

extract

Acute and chronic dermatitis mice model

(Pinto Nde et al., 2015)

Antiulcer

Opuntia ficus indica

Methanolic root

In vivo ulcerative mice model,

(Akacha et al., 2018; Alimi et

f. inermis extract Ethanel-Ethanol-induced rat model; | MDA level, peroxidase | al., 2010; E. M. Galati et al.,
Cladode powder activities, and protein carbonyls generation, T CAT level 2001; Maataoui et al., 2018)
Purified mucilage

Hepatoprotective

Opuntia ficus- Polysaccharides from | Decreased LPO, MDA, increase in hepatic CAT, SOD, and | (Abd El-Razek & Hassan,

indica (L.) Mill.

cladode extracts

Fruit juice

GPx activities;

Protects the liver from organophosphoreus pesticides
Protect and restore the damages of liver tissue.
Normalization of aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP) level
in the rat model;

| AST, ALT level

2011; Ben Saad et al., 2017;
Ncibi et al., 2008)

Opuntia robusta

Fruit juice extracts

Attenuated Acetaminophen-induced injury markers AST,

(Gonzélez-Ponce et al., 2016)
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ALT, and ALP, and improved liver histology

Opuntia Fruit juice extracts Attenuated Acetaminophen-induced injury markers AST,

streptacantha ALT, and ALP, and improved liver histology

Cytotoxic

Opuntia dillenii Fruit extract MTT assay on Human breast cancer cells (MCF-7), human | (Jang et al., 2014; Katani¢ et

methanolic fruit

extract

colon cancer cells (LoVo), and human hepatocytes (HepG2)
HeLa, CRFK, and Vero cell lines

al., 2019)

Opuntia stricta

Ethanol extract of

cladode

MTT assay on U937 and Jurkat cell lines

(Izuegbuna et al., 2019)

Opuntia Alkaloids from dried | MTT assay on MCF-7 and WRL-68 cell lines (Abdulazeem et al., 2018)
polyacantha plants

Lophophora Methanol extract Cytotoxic effects against MCF7, L5178Y-R, U937, and (Franco-Molina et al., 2003)
williamsii L929 cell lines by MTT assay

Pachycereus Aqueous methanolic Cytotoxic effects against L5178Y-R lamphoma-lymphoma | (Gomez-Flores et al., 2019)
marginatus stem extract murine cells

Pereskia bleo

Ethyl acetate, hexane,

methanol, ethanol leaf

Cytotoxic activity towards MCF-7, HT-29, and CEM-
SS cell lines

(Wahab et al., 2009)

extract
Antigenotoxic
Opuntia dillenii Fruit extract DNA protection assay (Katani¢ et al., 2019)
(Ker Gawl.)
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Opuntia ficus- Fruit extract DNA protection assay (Madrigal-Santillan et al.,
indica Cladode extract 2013; Zorgui et al., 2009)
Cardioprotective
Opuntia ficus- Cladode extract Inhibited LDL oxidation and formation of foam cells; (Garoby-Salom et al., 2016;
indica dried leaves inhibition of NADPH oxidase (NOX2); reduced Keller et al., 2015; Linarés et

development of atherosclerotic lesions; al., 2007)

1 in HDL cholesterol level concomitantly with | in LDL

cholesterol
Opuntia Cladode extract Inhibited LDL oxidation and formation of foam cells; (Garoby-Salom et al., 2016;
streptacantha inhibition of NADPH oxidase (NOX2); reduced Keller et al., 2015)

development of atherosclerotic lesions

Opuntia robusta Fruit extract Lowered the plasma levels of LDL cholesterol; (Budinsky et al., 2001,
improves the platelet function and haemostatic balance Wolfram et al., 2002)

Neuroprotective

Opuntia dillenii Polysaccharide Ischemia-reperfusion injury in rats (X. Huang et al., 2009)

Opuntia milpa Polysaccharide Normalization of neuroprotective biochemical markers like

aktaalta

lactate dehydrogenase (LDH), superoxide dismutase (SOD),
glutathione (GSH), and total antioxidant competence (T-
AOC) level

Opuntia ficus-

indica

Ethyl acetate fractions

of the fruits and stems

Inhibited lipid peroxidation and scavenged 1,1-diphenyl-2-
picrylhydrazyl free radicals.

(Dok-Go et al., 2003; J. H.
Kim et al., 2006; Kwon et al.,
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enhanced cognitive performance in the mouse by
ameliorating scopolamine-induced cognitive dysfunction;
Neuroprotective action against N-methyl-D-aspartate

NMDA, kainate KA, and OGD oxygen deprivation oxygen

2018)

Table 4: Some examples of clinical trials using cacti species

Plant Type dose Time Main conclusion Reference
Pereskia 6 Consumption  improves
Flour 400 g (Vieira et al., 2019)
aculeata months | intestinal health.
Nopalea fresh 50 g/250 304 Good alternative  for | (Fabela-Illescas, Avila-Dominguez, Hernandez-Pacheco, Ariza,
ays
cochenillifera | beverage mL diabetes-II & Betanzos-Cabrera, 2015)
steamed 50 and ~ | Good  properties  for
150 min . o (Lépez-Romero et al., 2014)
nopal 300 g patients with diabetes-I1.
Litramine
IQP G-
Opuntia  ficus-|002AS™ 12 Effective in promoting ‘
300 mg . (Grube, Chong, Lau, & Orzechowski, 2013)
indica tablets (a weeks | weight loss.
natural fiber
complex)
cladode and Good properties during
lg 1 hour (Van Proeyen et al., 2012)

fruit-skin

rest and after endurance
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extract exercise in healthy men.
capsules
Lowering effects and the
OpunDia™ 16 long-term safety for—of
400 mg (Godard et al., 2010)
Capsules weeks | blood glucose
management.
_ Improvement of
NeOpuntia® | 1.6 g per ‘ _
6 weeks | parameters associated | (Linares et al., 2007)
M capsules |meal
with cardiovascular risks.
Positive effects on the
Fresh fruit
| 250 g 6 weeks |body's redox balance in|(Tesoriere, Butera, Pintaudi, Allegra, & Livrea, 2004)
pulp

healthy humans
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1  Figure captions

2 Figure 1: Aspect of some of the widely found Cactus species in the world. Some pictures are reproduced under the terms of the Creative

oNOYTULT D WN =

3 Commons CC BY license from Shackleton et al. (Shackleton, Witt, Piroris, & van Wilgen, 2017); Grace (Grace, 2019).
10 4  Figure 2: Representation of 12 types of growth forms of the Cactaceae family. Reproduced under the terms of the Creative Commons CC BY

5 license from Novoa et al. (Novoa et al., 2015).
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