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Abstract

This study focused on describing the bioavailability of ursolic/oleanolic acids (UA/OA) and the methods to in-
crease it, so that these 2 bioactive compounds can have therapeutic and preventive effects in chronic diseases
and cancer. Ursolic/oleanolic acids are natural compounds that have been known since the 19 century. They
are very widespread and offer special benefits for human health — especially that their high absorbability
makes them suitable for use in therapeutic and preventive treatment. One of the important aspects of their
bioavailability is related to their interaction with other bioactive compounds or drugs. In chronic diseases
and cancer, UA/OA may affect the absorption of other nutrients and interact with bioactive compounds.
By increasing the bioavailability of UA/OA with various technical processes, especially using nanocarriers and
nanoparticles, these compounds can affect collagen production, contributing to maintaining skin elasticity
and preventing the appearance of wrinkles. Today, UA/OA are frequently used to treat many conditions,
ranging from chronic to metabolic.
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Introduction

Bioavailability is defined as the percentage (fraction)
of an orally administered, unchanged dose of a drug that
has reached the bloodstream (systemic circulation) or,
more simply: bioavailability, is the fraction of an orally
administered drug that reaches the systemic circulation.

Wagner' defined bioavailability as a drug-specific, orally
administered parameter that defines both the amount
of active substance released from the drug and absorbed
into the bloodstream (systemic circulation) and the rate
at which the active substance is released and absorbed.

The World Health Organization (WHO) defines bio-
availability as the amount of absorbable (potential) active
substance, while the U.S. Food and Drug Administration
(FDA)?3 as the amount of active substance that is released,
absorbed and reaches the internal organ, the site of action,
and manifests its therapeutic effect. The American Phar-
maceutical Association (APA)* describes bioavailability
as the amount of active substance absorbed unchanged.
Therefore, bioavailability is seen as both the amount of ac-
tive substance released and absorbed, and the rate at which
the active substance is released and absorbed, getting
to the site of action, thus manifesting its therapeutic ef-
fect. This parameter is a key step in ensuring the biological
efficacy of bioactive food compounds or oral medicines.
Food bioactive compounds, whether from plant or animal
sources, must be bioavailable to exert beneficial effects
on human health.

Numerous plant compounds provide multiple benefits
for human health, among which ursolic/oleanolic acids
(UA/OA) play an important role. One of the essential as-
pects of UA/OA is their bioavailability, i.e., the ability to be
efficiently absorbed, used and eliminated by the body. De-
spite its pentacyclic structure, the UA/OA molecule can
be embedded in lipid nanoparticles to ensure its trans-
port and digestion in the small intestine, metabolism
in the liver, entry into the systemic circuit, and interaction
with other substances.

Ursolic and oleanolic acids are primarily absorbed
in the small intestine and can subsequently circulate
throughout the body, reaching all tissues and organs. This
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is due to the entry of these compounds into the systemic
and enterohepatic circulation. The enterohepatic commu-
nication pathway is essential for the UA/OA to reach differ-
ent organs, and exert beneficial effects in various diseases.
Low oral bioavailability, demonstrated in some clinical
studies, is a major reason why new drugs researched and
proposed for approval fail to reach the market.

In this article, we reviewed the practical ways of incor-
porating UA/OA into inorganic/organic structures and
nanoparticles to increase their absorption (bioavailability).
Natural plant compounds are an important source of raw
materials for obtaining drugs and food supplements with
antitumor effect, with a selective mechanism of action
and minimal side effects. Ursolic acid and its isomer, OA,
are 2 natural compounds with multiple health benefits.
The chemical structure of UA/OA is pentacyclic triterpe-
nic, with the following formula: C3oHys05 (Fig. 1).°

Plants rich in UA

Ursolic acid is found in the peel of many fruits, espe-
cially apples, but also in herbs such as rosemary, lavender,
thyme, sage, marigolds, etc. Oleanolic acid is found in large
quantites in rosemary, lavender, sage, and olive. Table 16-1°
shows that:

— Thebest represented plant family in terms of the UA/OA
presence is Lamiaceae-Labiatae (66%);

— The highest amounts of UA are found in marigold
flowers, rosemary, sage, and lavender (aerial parts);

— The highest amounts of OA are found in olives (leaves
and fruits) and Silphium trifoliatum leaves (rich in UA and
OA; Fig. 2).11

Discussion

The presence of UA/OA in fruits and plants offers
the potential for a wide range of therapeutic effects due
to a unique quality of these compounds, namely their bio-
availability. This parameter of UA/OA has a significant
impact on the use of this compounds in therapeutic and
preventive purposes.

Fig. 1. Chemical structure

of ursolic/oleanolic acid, isomers
differentiated by the position

of the methyl group®
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Table 1. Natural sources for UA and OA [mg/g dw]!

Plan species Plant part OA [mg/g dw] UA [mg/g dw] Reference
Marigold, calendula officinalis Compositae flowers - 20.5 ®
Whorled Rosinweeds, Silphium trifoliatum Asteraceae leaves 220 15.5 6
Lavender, lavandula angustifolia Lamiaceae, Labiatae aerial parts 45 15.9 Z
Lemon balm, mellisa officinalis Lamiaceae, Labiatae aerial parts 16 6.7 7
Basil, ocimum basilicum Lamiaceae, Labiatae aerial parts - 3.0 Z
Marjoram, origanum majorana Lamiaceae, Labiatae aerial parts 1.9 6.6 /
Oregano, origanum vulgare Lamiaceae, Labiatae aerial parts - 2.8 7
Sage, salvia officinalis Lamiacea, Labiatae aerial parts 6.7 18 /
Thyme, thymus vulgaris Lamiaceae, Labiatae aerial parts 37 94 Z
Mountain savory, winter savory, satureja montana Lamiaceae, Labiatae aerial parts 14 49 /
Black elderberry, sambucus nigra Adoxaceae Iebaavris g)é gg /
leaves 310
Olive, olea europaea Oleaceae fruits 210 38 7
bark 9.8
Apple, malus domestica Rosaceae otfiiepferilit = 94 8
fDritli'lskckeanil Korean perilla, japanese basil, Perilla Lamiaceae, Labiatae aerial parts 2.33 359 °
Rosemary, rosmarinus officinalis Lamiaceae, Labiatae aerial parts 798 16.06 10

UA — ursolic aid; OA - oleanolic acid; DW - dry weight.

poor oral bioavailability can result in decreased efficacy
and unpredictable response to drug administration.!23

In the context of dietary supplements, herbs and other
nutrients, where the route of administration is typically
oral, bioavailability refers to the amount or percentage
of the ingested dose that is absorbed.!* A significant
amount of the active ingredient is broken down dur-
ing digestion when herbal supplements are taken orally.
The acidic environment in the stomach, digestive enzymes
and gut microbes break down nutrients. As a result, only
a small fraction of the ingested nutrients become available
for absorption and used by cells.!®

Bioavailability studies have shown that UA/OA are ab-
sorbed primarily in the small intestine. Once in the sys-
temic circuit, these biocompounds can circulate and
reach various tissues of the human body, including
the liver, skin and muscles. The highly bioavailable form
in which UA/OA is administered must be the form that
makes them easy for the body to use. The molecular de-
tails of how UA/OA are absorbed in the body can be
clarified by conducting several studies regarding their
oral administration. A practical possibility would be
the absorption of UA/OA directly from the ethanolic
extract on natural carbonic adsorbents (herbal medicinal

Fig. 2. Silphium trifoliatum (whorled rosinweed)’

Oral bioavailability (F%) is the fraction of a medicine that
reaches the systemic circulation.® Bioavailability of orally
administered drugs is one of the most important proper-
ties in drug design and development. High oral bioavail-
ability consistently reduces the amount of drug admin-
istered to achieve the desired pharmacologic effect, and

charcoal) or their adsorption into the molecular lattice
of natural biopolymers (such as lignans in flaxseed meal)
using the molecular imprinting method.!*-!® Natural
polymers have a much higher adsorption capacity and
specificity in ethanol than in water at pH 7.0. Another
practical way to increase the bioavailability of UA/OA



1176

is to incorporate them into a nanocarrier lipid fraction
(liposomes), which facilitates the transport and diges-
tion of these compounds in the small intestine and their
metabolism in the liver, since digestion in the stomach
degrades these compounds due to the acidic environ-
ment of the stomach, digestive enzymes and intestinal
microbes. In this case, only a part of the total compounds
that we ingest becomes available for their metabolism
in the intestine and the liver, and thus for absorption
and use at the cellular level. Liposomes make the UA/
OA easy to use by the organism. Another practical
way is to get some UA/OA inclusion complexes with
hydrophilic semisynthetic cyclodextrins, which repre-
sent a possibility to increase the aqueous solubility and
to optimize the pharmacokinetic properties of the guest
molecule.’ Another theoretical and practical possibility
is the derivatization of UA/OA by a condensation reaction
(at the COOH group, Cyg) with a primary amino group
present in the structure of 3-R-4-amino-mercapto-1,2,4-
triazoles and the use of gold nanoparticles as transport-
ers, for the compounds thus produced.?® Finally, triazole
derivatives of triterpenic acids (UA/OA) bioconjugated
with gold particles are obtained, with a cytotoxic effect
on malignant melanoma cell lines. Another practical pos-
sibility by which a maximum bioactivity of UA/OA can
be obtained, with the minimum amount of triterpenes
used, is the use of inorganic nanostructures (complex
nanostructures, composites, silicon oxide, titanium ox-
ide, etc.) for the incorporation (adsorption) of UA/OA.
The inorganic nanostructures have a large surface area,
inhibit bacterial growth, are stable, have low toxicity,
and are capable of activating many molecules.?'~2* As in-
dicated above,? in addition to bioavailability, research
has also focused on how UA/OA act in the body. In this
regard, studies have found that UA/OA have anti-inflam-
matory, antioxidant and anti-cancer properties. They can
help lower blood cholesterol and fat levels by influencing
lipid metabolism. These multiple effects make UA/OA
potential allies in the prevention and treatment of can-
cer, cardiovascular disease and chronic inflammation,
in cosmetic applications (these compounds can influ-
ence collagen production, helping maintain skin elasticity
and prevent the appearance of wrinkles), and sometimes
as ingredients in the food industry.2>~2° The bioavailabil-
ity of UA/OA is a crucial aspect in understanding and
exploiting their benefits and their ability to be efficiently
absorbed, circulate in the body and interact with other
substances. This demonstrates remarkable potential for
improving human health. Laboratory studies have shown
that UA/OA may inhibit the growth of cancer cells in sev-
eral types of cancer, including stomach, colon, pancre-
atic, and liver cancer.3%3! Ursolic/oleanolic acids inhibit
the viability and proliferation of cancer cells, prevent
their migration and metastasis, and induce their apop-
tosis. Both in vitro and in vivo studies indicate that UA/
OA are promising anti-cancer agents that may prevent
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carcinogenesis at every step. Furthermore, cancers at all
stages are susceptible to the UA/OA activity. The anti-tu-
morigenic effect of UA/OA on gastric, colon, pancreatic,
and liver cancers, as well as the mechanisms underlying
this process, have already been presented.® Furthermore,
other authors have showed the antitumor effects of UA/
OA in vitro with gastric cancer cell line BGC-823.3!

Ursolic/oleanolic acids induce apoptosis, inhibit cancer
cell proliferation and prevent tumor growth and metas-
tasis. Nanoformulations with UA/OA and their bioavail-
ability have a very good inhibitory effect preventing tumor
growth and metastasis.?? Zou et al.3? reviewed the great
potential of UA as a drug candidate in the field of cancer
therapy in terms of suppressing tumor initiation, progres-
sion and metastasis.

Due to their cytotoxicity against cancer cell cultures,
the group of triterpenoid derivatives of UA/OA is consid-
ered a promising anticancer drug. In addition, due to their
various pharmacological activities, including antiangio-
genic, anti-inflammatory and antioxidant effect and their
ability to improve cell differentiation, they are more than
just an anticancer drug. The group of triterpenoid deriva-
tives of UA/OA is indicated and suitable for future modern
anticancer strategies. Furthermore, they are considered
essential parts of human nutrition due to their chemo-
preventive potential to combat the development of can-
cer.® Ursolic acid is a promising biomolecule with anti-
inflammatory and analgesic activity, in applications with
anti-arthritic potential, as presented in the study by Ah-
mad et al.3* In this study, formulations and evaluations
of nanostructured lipid carriers with Ocimum sanctum L.
(holy basil) were described, for a transdermal application,
improved in UA, in anti-arthritic treatment.

The Ocimum sanctum leaf extract was prepared
by the extraction method with supercritical CO,. Vari-
ous surfactants (Tween 80), solid lipids (glyceryl mono-
stearate) and liquid lipids (Capryol-90) have been used
to prepare nanostructures loaded with Ocimum sanctum
(Fig. 3; visual representation of the technological flow).3>36
The resulting nanoparticles facilitate the transport of Oci-
mum sanctum through tissues via passive or active target-
ing. Passive targeting involves diffusion into transdermal
tissue, while active targeting involves conjugation of li-
gands (mannitol) to nanoparticles for greater specificity
and absorption at the site of inflammation. The results
demonstrated the efficiency of treatment with lipid nano-
structures compared to the standard formulation with
diclofenac topical gel, in antiarthritic applications.

Conclusions

The bioavailability of UA/OA can be shaped by their in-
teractions with other substances or bioactive compounds,
such as certain receptors or proteins in the body, which
can modify or amplify the effects of UA/OA. For instance,
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interactions with plant flavones can create synergies that
enhance human health benefits by increasing the anti-
oxidant, anti-inflammatory and anticancer activity
of these plant compounds. The availability of these acids
in the body creates promising perspectives in the fields
of human health. It is essential to continue research
to fully understand their potential and to develop practical
applications in medicine. Establishing the optimal dosage
of UA/OA is essential for their use in long-term treat-
ment programs. Additional studies may provide guidance
on appropriate dosing and can evaluate side effects and
potential interactions of UA/OA with other substances
and metabolites.
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Fig. 3. Obtaining lipid
nanostructures loaded
with Ocimum sanctum leaf
extract3>3
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