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Summary

Natural products-based treatment for human diseases has been popular in earlier
civilizations due to its inexpensive properties and easy availability. Lupeol, a triterpene,
is one of the most extensively studied phytosterols found in edible fruits, vegetables,
and medicinal plants. Detailed in vitro and in vivo studies suggest that Lupeol has
important pharmacological activities, such as anti-inflammatory, anti-protozoal, anti-
invasive, anti-microbial, and anti-proliferative, etc.. Lupeol is also effective in wound
healing, hyperglycemia, heart diseases, renal diseases, and auto-immune disorders.
Lupeol is a class II biochemical compound in a bio-pharmaceutical classification system
that is readily absorbed in the body and has high therapeutic efficacy. The most notable
property of Lupeol is that it selectively targets the diseased cell while sparing the
healthy cells. Research findings from the authors’ and others’ labs confirmed the
pharmacological efficacy of Lupeol by targeting various cell signaling pathways. In this
chapter, we discuss the medicinal properties of Lupeol against multiple diseases,
including cancer.

1. Introduction
1.1. Phytochemicals

Phytochemicals, also known as phytobiotics or phytogenics, are naturally occurring
bioactive secondary metabolites produced by plants that give them their odor and color
while also defending them against pathogens, herbivores, and other dangers. The
inherent biological activities of the phytochemicals produced in plants may be suitable
for the plants, but they may adversely affect other organisms. However, not all
secondary metabolites produced by plants are harmful to other organisms. As it turns
out, some of the phytochemicals are propitious in a variety of human ailments. In
numerous biological reactions, phytochemicals operate as enzyme substrates, cofactors,
or inhibitors. They can also act as ligands for the receptors, catalytic scavengers of
reactive oxygen and nitrogen species, and substances that increase nutrient bio-
absorption and promote a healthy gut by promoting the growth of beneficial microbiota.

Recently, the use of phytochemicals as therapeutic agents against different diseases has
been on trend, and much research is being conducted in this area. In traditional
medicine, many plants have therapeutic characteristics due to the phytochemicals
produced by them. Research on phytochemicals proved that different phytochemicals
affect multiple signaling pathways that play important roles in different diseases.
Phytochemicals are broadly classified into six major subclasses: carbohydrates, lipids,
terpenoids, phenolic acids, and nitrogen-containing metabolites. A large subclass of
phytochemicals belongs to triterpenoids in the the class terpenoids, a group of
secondary metabolites derived from squalene. Triterpenoids contain six isoprene units
and are usually non-polar compounds. Triterpenoids benefit animals/humans due to
their diverse biological activities and ease of availability. Notably, triterpenes are
abundant in foods such as vegetable oils, grains, and fruits. Humans can safely consume
up to 25 g of triterpenes per day, with daily consumption ranging from 250 mg in
Western countries to 400 mg in Mediterranean countries. Recently, several preclinical
studies showed very encouraging results, culminating in several patents and clinical
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studies, which led to a flood of triterpene-based supplementals and cosmetic products
filling the shelves of pharmaceutical stores.

3. Lupeol propionate 4. 30-Hydroxylup-20(29)-en-3-one

8. Nitrogen derivatives 9. Hydroxyl derivatives 10. Acetate derivatives
of Lupeol of Lupeol of Lupeol

15. Benzylidene derivatives 16. Ether derivatives of
14. 3-hydroxylup-20(29)-en-30-al of Lupeol 3p-acetoxylup-20(29)-ene

Figure 1. Chemical structure of Lupeol and its derivatives

1.2. Lupeol

Lupeol [Lup-20(29)-en-3b-ol] is one of the pharmacologically active triterpenoids
found in various edible fruits, vegetables, and medicinal plants and is effective against a
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wide range of diseases. Lupeol has attracted the attention of medical practitioners,
researchers, and pharmaceutical marketers for its wide-ranging pharmacological
activities. According to many experts, Lupeol is a multitarget agent since it affects the
functioning of multiple proteins, and the literature is available in the public domain. In
this context, several investigations have been conducted to identify the pharmacological
properties of Lupeol using dogs, rodents, and cancer cell lines as test models. Moreover,
isolated, semi-modified, and synthetic Lupeol derivatives also demonstrated potent
pharmacological and pharmaco-kinetic activity. Common biologically active Lupeol
derivatives (synthetically or semi-synthetically modified of 3-beta alcohol moiety) are
Lupeol acetate, Lupeol stearate, Lupeol myristate, Lupeol laurate, and Lupeol palmitate.
The pharmacological activities of Lupeol and its derivatives are characterized by anti-
oxidant, anti-inflammatory, anti-diabetic, anti-mutagenic, anti-asthmatic, anti-arthritic,
cardioprotective,  hepato-protective, nephron-protective, and anti-carcinogenic
properties.

A number of derivatives are synthesized in the lab that possesses the same carbon
skeleton as Lupeol. H: Hydrogen; N: Nitrogen; O: Oxygen; OH: Hydroxy group.

1.3. Properties of Lupeol

Lupeol is a pentacyclic triterpenoid Lupane, with a hydroxyl group at the 3-beta
position in place of hydrogen. The chemical formula of Lupeol is C3;oHs0O and is
soluble in organic solvents such as ethanol, acetone, and chloroform. Lupeol has a
lower solubility in water, an exact mass of 426.7 g/mol, and a density of 0.9457 g/cubic
cm at 218° C. The melting point of Lupeol is 215-216° C, and specific optical rotation
of +27.2 deg at 20° C/D. Furthermore, results from Lupeol’s high-performance liquid
chromatography (HPLC) and mass spectrometry (MS) show a parent ionic peak at m/z
409 [M+H—18]. [+].

1.4. Sources of Lupeol

Lupeol is found in variable amounts in a wide range of terrestrial and marine plants. The
common sources of Lupeol are:
mango pulp,
mulberries,
strawberries,

white cabbage,
soybean,

black tea,

pepper,

carrot,

cucumber,

pea,

tomato,

hazelnuts,

olive oil,

figs,
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e red grapes,
e guava, ivy gourd, and
e date palm.

Lupeol is also found in:

e Senegalia visco (Fabaceae),
Strobilanthes callosa (Acanthaceae),
Gossampinus malabarica (Malvaceae),
Abronia villosa (Nyctaginaceace),
Zanthoxylum monogynum,

Gueira senegalensis,
Bombax ceiba, and
dandelion coffee.

The sources of Lupeol are found in all the major continents, including North America,
South America, Africa, and Asia.

1.5. Bioavailability of Lupeol

It is critical to understand how long it takes for a compound to enter the systemic
circulation and reach the site of action. In its natural state, Lupeol has low
bioavailability as the serum level of Lupeol was recorded to be 3.08 and 5.22 uM after 4
h and 8 h when treated with the single treatment of Lupeol (200 mg/Kg). However,
various Lupeol derivatives isolated from natural plants or synthesized in the lab have
shown improved water solubility, absorption, distribution, bioavailability, and potency.
In Table 1, the quantity of Lupeol isolated from different edible plants has been
documented. Consumption of fruits or vegetables rich in Lupeol can help alleviate
various physiological problems, but the amount found in edible fruits is relatively less.
Consumption of 1 kg of olive fruits provides 3 g of Lupeol to the body, whereas 1kg of
mango pulp contains 180 g of Lupeol. Moreover, the biosynthesis of Lupeol in the lab
can significantly increase the titer produced per liter. Recently, the Lupeol biosynthesis
pathway was engineered in E. coli, and approximately 200.1 mg/L Lupeol was obtained
after 72 h of culture.

Drugs
Lab ‘
synthesis — N Various
= Lupeol ‘ PATIENTS pharmacological
—V/ effects
Isolation f
from plants PEGlated liposome

Figure 2. Sources and bioavailability of Lupeol.
Lupeol is a secondary metabolite found in fruits, vegetables, and medicinal plants.

Lupeol can be isolated from plants or synthesized in lab. Lupeol has various levels of
pharmacological efficiency and can target multiple diseases.
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SN | Name of the Plant Amount References

1. |Olive fruit 3 ug/g Siddique et al., 2011
2. |Mango fruit 1.80 pg/g pulp Siddique et al., 2011
3. |Aloe leaf 280 ug/g dry leaf Siddique et al., 2011
4. | Elm plant 800 pg/g bark Siddique et al., 2011
5. |Japanese Pear 175 pg/g twig bark Siddique et al., 2011
6. |Ginseng oil 15.2 mg/100 g of oil Siddique et al., 2011
7. |Derris scandens 32.79mg/ 100 g Ethanolic extract |Somwong et al., 2021
8. | Diospyros rhodocalyx |40.72mg/100g Ethanolic extract |Somwong et al., 2021
9. |Albizia procera 21.44 mg/ 100 g Ethanolic extract | Somwong et al., 2021
10. | Hibiscus deflersii 7.47 ug/mg of dried weight Alam et al., 2018

11. |Hibiscus micranthus  |5.37 ug/mg of dried weight Alam et al., 2018

12. | Calotropis gigantea 0.473 mg/100 mg of dried leaves |Loice et al., 2018

13. |Crateva nurvala 0.29% (w/w) in stem bark Sadhwani et al., 2020

Table 1. Quantity of Lupeol present in different edible and medicinal plants
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