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In the chronology of Biochemistry, as a new science that emerged in the mid-nine-

teenth century after its separation from Organic Chemistry and Physiology, its beginnings 

were characterized by an intense search and subsequent isolation and characterization of 

different organic compounds that were part of the chemical composition of living organ-

isms. Scientists, such as Schwann, Pasteur, Berthelot, Bernard, Liebig, Wöhler and Büch-

ner, played a fundamental role in these origins. For example, Schwann discovered in 1836 

that gastric fluid contained, in addition to hydrochloric acid, another digestive component 

that he called pepsin, or Wöhler, who obtained in 1828 an organic molecule, urea, using 

the method of chemical synthesis that bears his name. All these initial studies formed 

what, for a long time, was known as Elemental and Structural Biochemistry. The compi-

lation of all these organic elements for more than a hundred years served as the chemical 

basis for the classification of most of the natural compounds present in the biosphere [1]. 

The next step in the “construction” of Biochemistry, well into the 20th century, was 

an intensive study of the functionality and dynamics of each of the organic molecules 

present in living beings. Some of them are used as ashlars in the construction of macro-

molecules destined, mainly, in the formation of the macrostructures of the living being, 

while others play an effective functional and dynamic role. In this way, the circle of the 

structure-function binomial, basic for the understanding of all biological sciences, is 

closed. All this constitutes what is known as Functional and Dynamic Biochemistry, and 

although the first known vestiges of metabolism date back to the middle of the 13th cen-

tury by the hand of a doctor from Damascus called Ibn al-Nafis (1213–1288), who stated, 

in his best known work, Theologus Autodidactus, that “... the body and all its parts are in a 

continuous state of dissolution and nutrition, so they are inevitably in permanent 

change”, its greatest exponent was HA Krebs, Nobel Prize in Physiology or Medicine in 

1953, after the publication in 1932 of his work on the discovery of the urea cycle, a cyclical 

metabolic process through which different nitrogenous compounds, mainly amino acids, 

are processed when they are not recycled, generating urea as a final product [2]. 

From a functional point of view, a good example of the latter class of molecules is a 

group of natural compounds known as “phytochemicals.” An extraordinary, and almost 

inexhaustible source of these compounds is made up of a large part of terrestrial and 

aquatic plants, along with numerous species from the kingdom of fungi. Over time, it has 

become known that these molecules play a decisive role in the defence of these plants and 

fungi against herbivores, competitors, pathogens and predators, preventing, on the one 

hand, recurrent infections caused by parasites, bacteria and viruses, and on the other, of 

the destruction of the organism produced by different types of phytophages and my-

cophages [3]. A large number of these compounds are found in foods and although they 

are not considered as nutrients or macronutrients, nor are they included in the group of 

vitamins or minerals, they provide various beneficial functions. That is why foods that 
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contain them are called functional foods since, in addition to their nutritional component, 

they also provide other types of health benefits. 

In view of how the development of phytochemicals has evolved, and paraphrasing 

the recapitulation theory of Ernst Haeckel, who in 1866 defended that “…embryonic on-

togeny is a brief and rapid recapitulation of phylogeny”, it can be said, in a certain way, 

that the history of phytochemicals recapitulates the history of biochemistry; first it was 

the discovery of molecules together with the decipherment of their structure and later, the 

recognition of their functions and bioactivities. At present, and especially in the last 20 

years, there is a real explosion in the search for these compounds, capable of presenting 

important and abundant biological properties. Although many of them act as real poisons 

and teratogens, many more are being investigated thanks to their beneficial effects on 

health and can be used as new drugs or adjuvants in the treatment of various diseases [4]. 

Taking advantage of the anti-inflammatory capacities of many of them, their therapeutic 

use could be very useful in all those infectious diseases with a huge increase in cytokines, 

as is the case of the pandemic produced by SARS-CoV-2. In this sense, in several countries 

a clinical trial is being carried out using maslinic acid (pentacyclic triterpene) together 

with hydroxytyrosol (polyphenol), which have both demonstrated high antiviral and anti-

inflammatory capabilities, to treat COVID-19 patients. 

The classification of organic compounds has always been very ambiguous and that 

is also the case of phytochemicals. However, five groups can be included among them as 

the most significant: flavonoids, phytosterols, terpenoids, lignans and stilbenes [5], all of 

which are recognized for their large number of bioactive effects as nutraceuticals, essential 

nutrients and even allelopathic, thus influencing both the growth and survival, as well as 

the reproduction of other organisms [6]. Among all these phytochemicals, polyphenols 

and triterpenoids should be highlighted, as many of their bioactive capacities are known, 

both in vitro and in vivo [4]. Many of these compounds have various beneficial properties, 

such as anticancer, antiproliferative and antiangiogenic in different tumour lines [7–15], 

as well as antioxidant and anti-inflammatory [16–19], while others have properties related 

to metabolic syndromes, such as antidiabetogenic and cardio and neuroprotective [20–22], 

others anti-infectious, such as antifungal, antimicrobial, antiviral and antiparasitic [23–

25], and, finally, others that affect organic and metabolic activity, such as growth inducers, 

activators and inhibitors of enzymatic activity [26–30], as well as modulators in the pro-

duction of reducing equivalents in the form of NADPH. This explains most biosynthetic, 

cellular and organic growth, nutritional processes, as well as processes of differentiation, 

cellular detoxification and oxygen free radical scavenging [31–37]. 

On the other hand, the process of organic synthesis has been used recently with in-

creasing intensity, with the objective of finding chemical derivatives of natural com-

pounds that present improvements in functional effectiveness in relation to the bioactivity 

of the original compound. In this sense, different chemical groups are being used in the 

synthesis of these derivatives, significantly increasing their effectiveness [4]. Among these 

groups, acyls, aminoacyls and dipeptidyls [23,24,38,39], derivatives of pegylated and dia-

mino-pegylated groups [40–44], and even derivatives with coumarin [45], with which 

their activities are significantly increased, stand out. 

After a rigorous peer review process, the Special Issue entitled Natural Products and 

Derivatives in Human Disorders, (https://www.mdpi.com/journal/molecules/special_is-

sues/natural_products_chemoprevention, date accessed 20 January 2019), compiles a total 

of seven original articles in which different phytochemicals and chemical derivatives are 

used, delving into the study of the molecular roles they present in different human pa-

thologies, such as cancer, neuronal and ocular dysfunctions, arterial hypertension and os-

teoarthritis. A summary of the main characteristics of the original papers included in this 

Special Issue, both in terms of provenance and molecular type, as well as their molecular 

effects, are discussed below. 

It is relatively frequent that pathologies related to the production of tears by the lac-

rimal glands can occur both in elderly people and in patients with certain types of 

https://www.mdpi.com/journal/molecules/special_issues/natural_products_chemoprevention
https://www.mdpi.com/journal/molecules/special_issues/natural_products_chemoprevention
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autoimmune diseases or even by external aggressions such as chemical or thermal burns. 

When this problem worsens, the well-known dry eye disease (DED) or dry keratoconjunc-

tivitis appears, the main pathology of which consists of corneal ulcers and infections. The 

most common treatment is to moisten the eye with artificial tears composed basically with 

hyaluronic acid, or with lubricating ointments; Kang et al. [46], in a very interesting study, 

shows the beneficial effects of the extract of Aucuba japonica or spotted laurel, together 

with its bioactive compound, aucubin, an iridoid glycoside, that is, a monoterpene glyco-

sylated derivative. In their study, these authors demonstrate that in in vitro assays, human 

corneal cells (PCS-700-010), exposed to desiccation stress and treated with these com-

pounds, extract and active ingredient, increase their survival in a clearly dose-dependent 

effect. At the same time, overexpression of mRNA levels, generated by ocular desiccation, 

of different inflammatory cytokines (interleukins 1β (IL-1β) and 8 (IL-8), and tumor ne-

crosis factor TNF-α) were significantly reduced by the administration of the extract and 

aucubin. Moreover, in in vivo tests using SD (Sprague-Dawley) rats as an animal model, 

they found that after unilateral excision of the exorbital lacrimal gland, both lacrimal vol-

umes and corneal irregularities recovered completely. In addition, they found that these 

compounds significantly reduced apoptotic cells in the cornea. All these results strongly 

suggest that these compounds can be considered as a novel therapy for this disease and 

that aucubin is probably responsible for this effect. 

The evolutionary appearance of vertebrate animals generated the need to implement 

an efficient bone turnover system that allows them to carry out an adequate regeneration 

of the entire osteoarticular system. To this end, it is essential to ensure a regulated and 

constant synthesis of collagen. A key element for this is a constant and adequate supply 

of glycine molecules [47,48]. However, the cellular synthesis of this amino acid is greatly 

reduced as it is linked to the concomitant synthesis of coenzymatic forms of tetrahydro-

folic acid (THF), preventing the production of sufficient and adequate amounts of this 

amino acid, thus fulfilling the restriction theorem of glycine biosynthesis which states: “If 

the only significant metabolic pathway for glycine synthesis is the reaction catalyzed by glycine 

hydroxymethyl transferase, the steady-state metabolic flux for net glycine production cannot, un-

der any condition, exceed the flux for the consumption of the C1 units transferred via N5-N10 meth-

ylene THF”. Glycine must therefore be considered an essential amino acid because the ca-

pacity for its synthesis is much lower than its actual requirement and, as a consequence, 

the inevitable onset of degenerative diseases such as osteoarthrosis, osteoporosis and os-

teoarthritis [47,48]. Therefore, all these bone diseases are inevitably linked to the growth 

and development of large vertebrates. Within metabolic theory, this evolutionary “fail-

ure”, especially frequent and serious in large vertebrates, is classified as a so-called “de-

fault metabolic error”. In this context, traditional Korean medicine has been using an 

herbal preparation known as RyuPungHwan (RPH) consisting of extracts of seven differ-

ent plants, Astragalus membranaceus, Turnera diffusa, Achyranthes bidentata, Angelica gigas, 

Eclipta prostrata, Eucommia ulmoides and Ilex araguariensis, with high content of flavonoids 

and triterpenoids, in patients with osteoarthritis, not to cure the disease but to alleviate 

the inflammatory process and pain. Taking into account this background, Hong et al. [49], 

have studied the effects of this herbal preparation in SW1353 chondrosarcoma cell models, 

taking into account the inflammatory process associated with the disease. Administration 

of this preparation produced a significant inhibition of Interleukin-1β-stimulated inflam-

mation, making two active compounds isolated from the herbal preparation, isomucronu-

latol 7-O-β-D-glucoside, a flavonoid derivative, and ecliptasaponin A, a triterpenoid de-

rivative, responsible for this clear anti-inflammatory effect. They showed that both the 

preparation and the two identified compounds were able to reduce the expression of ma-

trix metalloproteinase 13 (MMP13), cyclooxygenases 1 and 2 (COX-1 and -2), Tumor ne-

crosis factor α (TNF-α), Interleukin-1β (IL-1β) or protein p65, previously increased by the 

administration of IL-1β to SW1353 cells. 

Hypertension, which is very common nowadays, is a serious risk factor associated 

with cardiovascular diseases, which, together with other diseases such as obesity, diabetes 
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and atherosclerosis, constitute the characteristic tetrad of the metabolic syndrome. In this 

context, Hong et al. [50], belonging to the same research group as the previous work, an-

alyze the effects on the main molecular markers of hypertension of a plant preparation, 

commonly used in traditional Korean medicine and consisting of three species, Pine den-

siflora, Annona muricate and Momordica charantia, called No-ap (NA), as well as several of 

its main bioactive molecules, a roseoside (a compound belonging to the group of C13-

norisoprenoids generated by the degradation of 40-carbon terpenes) and the flavonoid, 

icariside E4. The authors used as a biological model H9C2 cells, rat cardiomyocytes de-

rived from myoblasts, treated with angiotensin II as a hypertensive molecule; with an an-

tihypertensive drug, termisartan; with gingenoside as a positive control; with different 

doses of the NA extract; and with the two isolated compounds (roseoside and icariside), 

both individually and together. Treatment with angiotensin II resulted in a significant in-

crease in myocyte angiotensin II receptor 1, (AT1), tumor necrosis factor α, (TNF-α), mon-

ocyte chemoattractant protein 1, (MCP-1), tumor growth factor β, (TGF-β) mRNA expres-

sion levels, NADPH oxidase enzyme activity, H2O2 and superoxide ion (•O2−) levels, while 

the activity levels of the antioxidant enzymes catalase and superoxide dismutase were 

significantly reduced. Subsequent treatment with the extract and the isolated components 

restored the levels of all markers to control values. The effect found was dose-dependent 

and, in addition, a synergistic effect of the active compounds was observed. The authors 

conclude that hypertension therapy with these compounds should be considered for fur-

ther clinical trials. 

Neurodegenerative diseases constitute, nowadays, a serious problem, afflicting peo-

ple of all ages, but especially older people, preventing them from adequate cognitive de-

velopment and thus seriously affecting their life and daily activities. Many are classified 

as neurodegenerative diseases and among the most important and visible are Alzheimer’s 

disease and dementia with Lewy bodies, as well as Friedreich’s ataxia, Huntington’s dis-

ease and Parkinson’s disease. In the first two, but especially in Alzheimer’s disease, one 

of the most important biochemical dysfunctions is the appearance of very high activity of 

the neurotransmitter degradation systems, mainly acetylcholine. Therefore, the role of 

cholinesterases, especially acetylcholinesterase and butyrylcholinesterase, plays a central 

role in the development of this disease. It is therefore of interest to develop potential 

drugs, based on natural compounds, that are capable of slowing down the rapid elimina-

tion of these neurotransmitters. In this regard, Loesche et al. [51] have succeeded in syn-

thesizing up to 40 types of carboxamides, molecules derived from ethylenediamine, from 

up to five different naturally occurring triterpenes, oleanolic, ursolic, maslinic, betulinic 

and platanic acids. These authors evaluated acetylcholinesterase and butyrylcholinester-

ase activities using the Ellman assay and both enzymes were derived, respectively, from 

Electrophorus electricus and equine serum. Among all the carboxamides tested, seven dif-

ferent compounds showed inhibition constant (Ki) values in the nanomolar to micromolar 

range. The inhibitions are of mixed type with competitive dominance, according to the 

molecular modelling studies performed. Therefore, the synthesis of molecules with these 

characteristics could be used in the therapy of this type of neurodegenerative disease. 

Teucrium mascatense is an understory shrub, the genus of which is widely distributed 

over several continents. Its medicinal value has been known since ancient times and, 

therefore, it has been used in both traditional and modern medicine, thanks to the pres-

ence of its bioactive components, including tannins, glycosides, phenols, steroids and ter-

penoids. Its bioactivities include antibacterial, antipyretic, anti-inflammatory, antidia-

betic, antioxidant, analgesic and antipyretic properties. In this case, Panicker et al. [52] 

have investigated the anticancer capacity of extracts from this plant, as well as that of one 

of its main components, triterpene IM60. In their studies they used four cell lines, one for 

cervical cancer, HeLa and three for breast cancer, MCF-7, MDA-MB-231 and MCF-10A. 

To certify the possible antiproliferative activity, they studied the effects of the extract and 

the isolated triterpene on some of the most important apoptotic markers, such as cytotox-

icity at different times and concentrations; levels of caspases 3, 7, 8 and 9; levels of PARP 
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(Poly ADP ribose polymerase); measurements of cell apoptosis by Annexin V/Propidium 

iodide assays in order to decipher the different types of apoptosis, early, late and necrosis, 

as well as the morphological changes associated with apoptosis. The results indicate a 

clear anticancer effect by significantly increasing the levels of all molecular markers to-

gether with an increase in the apoptosis of malignant cells. This study identifies the triter-

pene IM60 as a potential drug that can be successfully used in breast cancer therapy. 

If it is important that certain compounds have the ability to cure diseases, some of 

them as serious as cancer, in which irreparable individual and collective problems are 

caused, the ability to prevent them is an incalculable advance, both from the personal 

point of view and social, by being able to avoid all its fatal consequences. We know that 

many of the phytochemicals present in nature have this property and we just need to be 

able to find them and find it. This is the case of the good work presented by Juan et al. 

[53]. In it, the chemopreventive capacity of maslinic acid, isolated from Olea europaea, is 

studied in vivo in an animal model that mimics sporadic human colorectal cancer. Male 

Sprague-Dawley rats were used in this test, to which for 49 days they were administered, 

orally, different doses of maslinic acid, 5, 10 or 25 mg kg of animal weight. Subsequently, 

and after a week of rest, the cancer was induced by means of three weekly injections of 20 

mg/kg of the carcinogenic inducer, 1,2-dimethylhydrazine. Under these conditions, dif-

ferent preneoplastic markers, aberrant crypt foci (ACF) and mucin-depleted foci (MDF) 

were analyzed. Since the administration of the lowest dose of maslinic acid, 5 mg/kg, de-

creases of 15% were found in ACF and up to 27% in MDF, achieving these significant 

decreases with the 25 mg/kg dose, with those that the reductions of these biomarkers were 

33% and 50%, respectively, in addition, these results were corroborated by their associa-

tion with the concentrations of maslinic acid found in the colon of the animals. The results 

of this work clearly demonstrate the preventive role that this phytochemical has on colon 

cancer, which allows us to conclude that with an adequate addition of this triterpene in 

the diet, this chemopreventive activity could be achieved, so important as to eliminate the 

problems inherent of this disease. 

The inclusion of bioinformatics studies in biological research is essential to advance 

our understanding of the molecular mechanisms involved in the functions being sought. 

At present, a very high percentage of molecular biology studies use this essential tool [10]. 

The work presented by Lv et al. [54] falls within this experimental concept, in which ex-

perimental studies are combined with computational studies. In their work, the authors 

use a saponin (glycosylated triterpene), saikosaponin D, from a preparation of Chinese 

origin known as Radix Bupleuri, used as a traditional medicine for over 2,000 years in 

China, Japan, Korea and other Asian countries, and consisting of the dried roots of two 

plant species, Bupleurum chinense and Bupleurum scorzonerifolium. It has previously been 

reported that saikosaponin D is able to inhibit cancer cell growth by inducing apoptosis 

and arresting the cell cycle in the G1 phase. The present work aims to further investigate 

the molecular anticancer mechanism of this saponin by combining both network pharma-

cology and metabolomics databases. Up to 35 targets were studied in the bioinformatics 

analysis, selecting neuropilin-1 (NRP-1) for further investigation based on the degree of 

molecular docking score, demonstrating that saikosaponin D combined with NRP-1 dele-

tion could significantly ameliorate HepG2 damage. As a consequence, metabolomics anal-

yses showed that NRP-1 blockade exhibited the lowest metabolite deregulation score, and 

among the metabolites analyzed, carnitines and short- or long-chain phospholipids were 

mainly implicated. These results clearly implicate NRP-1 as a key molecule to explain the 

anti-hepatoma activity of saikosaponin D. 

An example of the importance the use of different phytochemicals has had in recent 

years in order to help prevent, alleviate or, in its best version, cure the numerous pathol-

ogies that currently afflict humanity, is precisely the content of this Special Issue that we 

are commenting on. Diseases such as dry keratoconjunctivitis, osteoarthrosis, hyperten-

sion as a risk factor in cardiovascular diseases, the role of certain cholinesterase inhibitors 

in some neurodegenerative diseases, or some types of cancers, such as breast, colon and 



Molecules 2021, 26, 6159 6 of 8 
 

 

liver, are the subject of the works presented here. For all these reasons, the academic edi-

tors of this issue would like to sincerely thank all our colleagues, authors and reviewers, 

whose efforts and collaboration have contributed to the realization of this Special Issue, 

allowing it to become a reality. 

Author Contributions: Study design, J.A.L.; Data Collect, J.A.L.; Data analysis and interpretation, 

J.A.L. and E.E.R.-P.; Writing—original draft preparation, J.A.L.; Writing—review and editing. J.A.L. 

and E.E.R.-P. All authors have read and agreed to the published version of the manuscript. 

Funding: This work did not receive external funding. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: Not applicable. 

Acknowledgments: The authors thank Alejandro L. Lupiáñez for the critical revision of the English 

version of the text. We are also grateful to all colleagues, authors and reviewers whose efforts have 

contributed to the realization of this special issue. And of course, we would like to thank the MDPI 

publishing group and the Molecules editorial team for their help, constant support and profession-

alism. 

Conflicts of Interest: The authors of this work declare that its content was carried out in the absence 

of any commercial or financial relationship and, therefore, does not present any conflict of interest 

now or in the future. 

References 

1. Cordón, F. History of Biochemistry. Historical-Critical Consideration of Biochemistry from the Theory of Biological Levels of Integration, 

1st ed.; Literary Company L.P.: Madrid, Spain, 1997; pp. 1–319, ISBN 84-8213-038-2. 

2. Krebs, H.A.; Henseleit, K. Untersuchungen über die Harnstoffbildung im tierkorper. Z. Physiol. Chem. 1932, 210, 33–66, 

doi:10.1515/bchm2.1932.210.1-2.33. 

3. Molyneux, R.J.; Lee, S.T.; Gardner, D.R.; Panter, K.E.; James, L.F. Phytochemicals: The good, the bad and the ugly? Phytochem-

istry 2007, 68, 2973–2985, doi:10.1016/j.phytochem.2007.09.004. 

4. Rufino-Palomares, E.E.; Pérez-Jiménez, A.; Reyes-Zurita, F.J.; García-Salguero, L.; Mokhtari, K.; Herrera-Merchán, A.; Medina, 

P.P.; Peragón, J.; Lupiáñez, J.A. Anti-cancer and Anti-angiogenic Properties of Various Natural Pentacyclic Tri-terpenoids and 

Some of their Chemical Derivatives. Curr. Org. Chem. 2015, 19, 919–947, doi:10.2174/1385272819666150119225952. 

5. Dinkova-Kostova, A. Phytochemicals as Protectors against Ultraviolet Radiation: Versatility of Effects and Mechanisms. Planta 

Med. 2008, 74, 1548–1559, doi:10.1055/s-2008-1081296. 

6. Lupiáñez, J.A.; Rufino-Palomares, E.E.; Pérez-Jiménez, A. Are Ancestral Medical Practices the Future Solution to Today’s Med-

ical Problems? Molecules 2021, 26, 4701, doi:10.3390/molecules26154701. 

7. Reyes-Zurita, F.J.; Centelles, J.J.; Lupiáñez, J.A.; Cascante, M. (2α, 3β)-2,3-Dihydroxyolean-12-en-28-oic acid, a new natural 

triterpene from Olea europea, induces caspase dependent apoptosis selectively in colon adenocarcinoma cells. FEBS Lett. 2006, 

580, 6302–6310, doi:10.1016/j.febslet.2006.10.038. 

8. Laszczyk, M.N. Pentacyclic Triterpenes of the Lupane, Oleanane and Ursane Group as Tools in Cancer Therapy. Planta Med. 

2009, 75, 1549–1560, doi:10.1055/s-0029-1186102. 

9. Rufino-Palomares, E.E.; Reyes-Zurita, F.J.; García-Salguero, L.; Mokhtari, K.; Medina, P.P.; Lupiáñez, J.A.; Peragón, J. Maslinic 

acid, a triterpenic anti-tumoural agent, interferes with cytoskeleton protein expression in HT29 human colon-cancer cells. J. 

Proteom. 2013, 83, 15–25, doi:10.1016/j.jprot.2013.02.031. 

10. Sánchez-Tena, S.; Reyes-Zurita, F.J.; Diaz-Moralli, S.; Vinardell, M.P.; Reed, M.; Garcia-Garcia, F.; Dopazo, J.; Lupiáñez, J.A.; 

Günther, U.; Cascante, M. Maslinic Acid-Enriched Diet Decreases Intestinal Tumorigenesis in ApcMin/+ Mice through Tran-

scriptomic and Metabolomic Reprogramming. PLoS ONE 2013, 8, e59392, doi:10.1371/journal.pone.0059392. 

11. Reyes-Zurita, F.J.; Rufino-Palomares, E.E.; Medina, P.P.; García-Salguero, L.; Peragón, J.; Cascante, M.; Lupiáñez, J.A. Anti-

tumour activity on extrinsic apoptotic targets of the triterpenoid maslinic acid in p53-deficient Caco-2 adenocarcinoma cells. 

Biochimie 2013, 95, 2157–2167, doi:10.1016/j.biochi.2013.08.017. 

12. Reyes-Zurita, F.J.; Rufino-Palomares, E.E.; García-Salguero, L.; Peragón, J.; Medina, P.P.; Parra, A.; Cascante, M.; Lupiáñez, J.A. 

Maslinic Acid, a Natural Triterpene, Induces a Death Receptor-Mediated Apoptotic Mechanism in Caco-2 p53-Deficient Colon 

Adenocarcinoma Cells. PLoS ONE 2016, 11, e0146178, doi:10.1371/journal.pone.0146178. 

13. Chintharlapalli, S.; Papineni, S.; Ramaiah, S.K.; Safe, S. Betulinic Acid Inhibits Prostate Cancer Growth through Inhibition of 

Specificity Protein Transcription Factors. Cancer Res. 2007, 67, 2816–2823, doi:10.1158/0008-5472.can-06-3735. 



Molecules 2021, 26, 6159 7 of 8 
 

 

14. Shanmugam, M.K.; Dai, X.; Kumar, A.P.; Tan, B.K.; Sethi, G.; Bishayee, A. Oleanolic acid and its synthetic derivatives for the 

prevention and therapy of cancer: Preclinical and clinical evidence. Cancer Lett. 2014, 346, 206–216, doi:10.1016/j.can-

let.2014.01.016. 

15. Bonel-Pérez, G.C.; Pérez-Jiménez, A.; Gris-Cárdenas, I.; Parra-Pérez, A.; Lupiáñez, J.; Reyes-Zurita, F.J.; Siles, E.; Csuk, R.; 

Peragón, J.; Rufino-Palomares, E.E. Antiproliferative and Pro-Apoptotic Effect of Uvaol in Human Hepatocarcinoma HepG2 

Cells by Affecting G0/G1 Cell Cycle Arrest, ROS Production and AKT/PI3K Signaling Pathway. Molecules 2020, 25, 4254, 

doi:10.3390/molecules25184254. 

16. Montilla, M.P.; Agil, A.; Navarro, M.C.; Jiménez, M.I.; García-Granados, A.; Parra, A.; Cabo, M.M. Antioxidant Activity of 

Maslinic Acid, a Triterpene Derivative Obtained from Olea europaea. Planta Med. 2003, 69, 472–474, doi:10.1055/s-2003-39698. 

17. Mokhtari, K.; Rufino-Palomares, E.E.; Pérez-Jiménez, A.; Reyes-Zurita, F.J.; Figuera, C.; García-Salguero, L.; Medina, P.P.; 

Peragón, J.; Lupiáñez, J.A. Maslinic Acid, a Triterpene from Olive, Affects the Antioxidant and Mitochondrial Status of B16F10 

Melanoma Cells Grown under Stressful Conditions. Evid. Based Complement. Altern. Med. 2015, 2015, 272457, 

doi:10.1155/2015/272457. 

18. Mokhtari, K.; Pérez-Jiménez, A.; García-Salguero, L.; Lupiáñez, J.A.; Rufino-Palomares, E.E. Unveiling the Differential Antiox-

idant Activity of Maslinic Acid in Murine Melanoma Cells and in Rat Embryonic Healthy Cells Following Treatment with 

Hydrogen Peroxide. Molecules 2020, 25, 4020, doi:10.3390/molecules25174020. 

19. Zhang, X.; Cao, J.; Zhong, L. Hydroxytyrosol inhibits pro-inflammatory cytokines, iNOS, and COX-2 expression in human 

monocytic cells. Naunyn Schmiedeberg’s Arch. Pharmacol. 2009, 379, 581–586, doi:10.1007/s00210-009-0399-7. 

20. Qian, Y.; Guan, T.; Tang, X.; Huang, L.; Huang, M.; Li, Y.; Sun, H. Maslinic acid, a natural triterpenoid compound from Olea 

europaea, protects cortical neurons against oxygen–glucose deprivation-induced injury. Eur. J. Pharmacol. 2011, 670, 148–153, 

doi:10.1016/j.ejphar.2011.07.037. 

21. Shaik, A.H.; Rasool, S.; Kareem, M.A.; Krushna, G.S.; Akhtar, P.M.; Devi, K.L. Maslinic Acid Protects Against Isoproterenol-

Induced Cardiotoxicity in Albino Wistar Rats. J. Med. Food 2012, 15, 741–746, doi:10.1089/jmf.2012.2191. 

22. Pérez-Jiménez, A.; Rufino-Palomares, E.E.; Fernández-Gallego, N.; Ortuño-Costela, M.C.; Reyes-Zurita, F.J.; Peragón, J.; García-

Salguero, L.; Mokhtari, K.; Medina, P.P.; Lupiáñez, J.A. Target molecules in 3T3-L1 adipocytes differentiation are regulated by 

maslinic acid, a natural triterpene from Olea europaea. Phytomedicine 2016, 23, 1301–1311, doi:10.1016/j.phymed.2016.07.001. 

23. Parra, A.; Martin-Fonseca, S.; Rivas, F.; Reyes-Zurita, F.J.; Medina-O’Donnell, M.; Martinez, A.; García-Granados, A.; Lupiáñez, 

J.A.; Albericio, F. Semi-synthesis of acylated triterpenes from olive-oil industry wastes for the development of anticancer and 

anti-HIV agents. Eur. J. Med. Chem. 2014, 74, 278–301, doi:10.1016/j.ejmech.2013.12.049. 

24. Medina-O’Donnell, M.; Rivas, F.; Reyes-Zurita, F.J.; Cano-Muñoz, M.; Martinez, A.; Lupiáñez, J.A.; Parra, A. Oleanolic Acid 

Derivatives as Potential Inhibitors of HIV-1 Protease. J. Nat. Prod. 2019, 82, 2886–2896, doi:10.1021/acs.jnatprod.9b00649. 

25. Moneriz, C.; Mestres, J.; Bautista, J.M.; Diez, A.; Puyet, A. Multi-targeted activity of maslinic acid as an antimalarial natural 

compound. FEBS J. 2011, 278, 2951–2961, doi:10.1111/j.1742-4658.2011.08220.x. 

26. Fernández-Navarro, M.; Peragón, J.; Amores, V.; De La Higuera, M.; Lupiáñez, J.A. Maslinic acid added to the diet increases 

growth and protein-turnover rates in the white muscle of rainbow trout (Oncorhynchus mykiss). Comp. Biochem. Physiol. Part C 

Toxicol. Pharmacol. 2008, 147, 158–167, doi:10.1016/j.cbpc.2007.09.010. 

27. Rufino-Palomares, E.E.; Reyes-Zurita, F.J.; Fuentes-Almagro, C.; De La Higuera, M.; Lupiáñez, J.A.; Peragón, J. Proteomics in 

the liver of gilthead sea bream (Sparus aurata) to elucidate the cellular response induced by the intake of maslinic acid. Proteomics 

2011, 11, 3312–3325, doi:10.1002/pmic.201000271. 

28. Rufino-Palomares, E.; Reyes-Zurita, F.; García-Salguero, L.; Peragón, J.; De La Higuera, M.; Lupiáñez, J.A. Maslinic acid, a nat-

ural triterpene, and ration size increased growth and protein turnover of white muscle in gilthead sea bream (Sparus aurata). 

Aquac. Nutr. 2012, 18, 568–580, doi:10.1111/j.1365-2095.2011.00933.x. 

29. Reyes-Zurita, F.J.; Rufino-Palomares, E.E.; Lupiáñez, J.A.; Cascante, M. Maslinic acid, a natural triterpene from Olea europaea L., 

induces apoptosis in HT29 human colon-cancer cells via the mitochondrial apoptotic pathway. Cancer Lett. 2009, 273, 44–54, 

doi:10.1016/j.canlet.2008.07.033. 

30. Reyes-Zurita, F.J.; Pachón-Peña, G.; Lizárraga, D.; Rufino-Palomares, E.E.; Cascante, M.; Lupiáñez, J.A. The natural triterpene 

maslinic acid induces apoptosis in HT29 colon cancer cells by a JNK-p53-dependent mechanism. BMC Cancer 2011, 11, 154, 

doi:10.1186/1471-2407-11-154. 

31. Barroso, J.B.; García-Salguero, L.; Peragón, J.; De la Higuera, M.; Lupiáñez, J.A. The influence of dietary protein on the kinetics 

of NADPH production systems in various tissues of rainbow trout (Oncorhynchus mykiss). Aquaculture 1994, 124, 47–59, 

doi:10.1016/0044-8486(94)90353-0. 

32. Lupiáñez, J.A.; Adroher, F.J.; Vargas, A.M.; Osuna, A. Differential behaviour of glucose 6-phosphate dehydrogenase in two 

morphological forms of Trypanosoma cruzi. Int. J. Biochem. 1987, 19, 1085–1089, doi:10.1016/0020-711x(87)90310-7. 

33. Adroher, F.J.; Osuna, A.; Lupiáñez, J.A. Differential energetic metabolism during Trypanosoma cruzi differentiation. II. Hexo-

kinase, phosphofructokinase and pyruvate kinase. Mol. Cell. Biochem. 1990, 94, 71–82, doi:10.1007/bf00223564. 

34. Sánchez-Muros, M.J.; García-Rejón, L.; Lupiáñez, J.A.; De la Higuera, M. Long-term nutritional effects on the primary liver and 

kidney metabolism in rainbow trout (Oncorhynchus mykiss). II. Adaptive response of glucose 6-phosphate dehydrogenase activ-

ity to high-carbohydrate/low-protein and high-fat/non-carbohydrate diets. Aquac. Nutr. 1996, 2, 193–200, doi:10.1111/j.1365-

2095.1996.tb00059.x. 



Molecules 2021, 26, 6159 8 of 8 
 

 

35. Barroso, J.B.; Peragón, J.; García-Salguero, L.; De la Higuera, M.; Lupiáñez, J.A. Carbohydrate deprivation reduces NADPH-

production in fish liver but not in adipose tissue. Int. J. Biochem. Cell Biol. 2001, 33, 785–796, doi:10.1016/s1357-2725(01)00050-4. 

36. Sheehan, D.; Meade, G.; Foley, V.M.; Dowd, C.A. Structure, function and evolution of glutathione transferases: Implications for 

classification of non-mammalian members of an ancient enzyme superfamily. Biochem. J. 2001, 360, 1–16, doi:10.1042/bj3600001. 

37. Corpas, F.J.; Barroso, J.B.; Sandalio, L.M.; Palma, J.M.; Lupiáñez, J.A.; del Rı́o, L.A. Peroxisomal NADP-Dependent Isocitrate 

Dehydrogenase. Characterization and Activity Regulation during Natural Senescence. Plant Physiol. 1999, 121, 921–928, 

doi:10.1104/pp.121.3.921. 

38. Parra, A.; Martin-Fonseca, S.; Rivas, F.; Reyes-Zurita, F.J.; Medina-O’Donnell, M.; Rufino-Palomares, E.E.; Martínez, A.; Garcia-

Granados, A.; Lupiáñez, J.A.; Albericio, F. Solid-Phase Library Synthesis of Bi-Functional Derivatives of Oleanolic and Maslinic 

Acids and Their Cytotoxicity on Three Cancer Cell Lines. ACS Comb. Sci. 2014, 16, 428–447, doi:10.1021/co500051z. 

39. Reyes-Zurita, F.J.; Medina-O’Donnell, M.; Ferrer-Martin, R.M.; Rufino-Palomares, E.E.; Martin-Fonseca, S.; Rivas, F.; Martínez, 

A.; García-Granados, A.; Pérez-Jiménez, A.; García-Salguero, L.; et al. The oleanolic acid derivative, 3-O-succinyl-28-O-benzyl 

oleanolate, induces apoptosis in B16–F10 melanoma cells via the mitochondrial apoptotic pathway. RSC Adv. 2016, 6, 93590–

93601, doi:10.1039/c6ra18879f. 

40. Medina-O’Donnell, M.; Rivas, F.; Reyes-Zurita, F.J.; Martinez, A.; Martin-Fonseca, S.; Garcia-Granados, A.; Ferrer-Martín, R.M.; 

Lupiáñez, J.A.; Parra, A. Semi-synthesis and antiproliferative evaluation of PEGylated pentacyclic triterpenes. Eur. J. Med. Chem. 

2016, 118, 64–78, doi:10.1016/j.ejmech.2016.04.016. 

41. Medina-O’Donnell, M.; Rivas, F.; Reyes-Zurita, F.J.; Martinez, A.; Galisteo-González, F.; Lupiáñez, J.A.; Parra, A. Synthesis and 

in vitro antiproliferative evaluation of PEGylated triterpene acids. Fitoterapia 2017, 120, 25–40, doi:10.1016/j.fitote.2017.05.006. 

42. Medina-O’Donnell, M.; Rivas, F.; Reyes-Zurita, F.J.; Martinez, A.; Lupiáñez, J.A.; Parra, A. Diamine and PEGylated-diamine 

conjugates of triterpenic acids as potential anticancer agents. Eur. J. Med. Chem. 2018, 148, 325–336, 

doi:10.1016/j.ejmech.2018.02.044. 

43. Jannus, F.; Medina-O’Donnell, M.; Rivas, F.; Díaz-Ruiz, L.; Rufino-Palomares, E.E.; Lupiáñez, J.A.; Parra, A.; Reyes-Zurita, F.J. 

A Diamine-PEGylated Oleanolic Acid Derivative Induced Efficient Apoptosis through a Death Receptor and Mitochondrial 

Apoptotic Pathway in HepG2 Human Hepatoma Cells. Biomolecules 2020, 10, 1375, doi:10.3390/biom10101375. 

44. Jannus, F.; Medina-O’Donnell, M.; Neubrand, V.N.; Marín, M.; Sáez-Lara, M.J.; Sepúlveda, M.R.; Rufino-Palomares, E.E.; Mar-

tínez, A.; Lupiáñez, J.A. Parra, A.; et al. Efficient In Vitro and In Vivo Anti-Inflammatory Activity of a Diamine-PEGylated 

Oleanolic Acid Derivative. Int. J. Mol. Sci. 2021, 22, 8158, doi:10.3390/ijms22158158. 

45. Vega-Granados, K.; Medina-O’Donnell, M.; Rivas, F.; Reyes-Zurita, F.J.; Martinez, A.; Álvarez de Cienfuegos, L.; Lupiáñez, J.A.; 

Parra, A. Synthesis and Biological Activity of Triterpene–Coumarin Conjugates. J. Nat. Prod. 2021, 84, 1587–1597, 

doi:10.1021/acs.jnatprod.1c00128. 

46. Kang, W.S.; Jung, E.; Kim, J. Aucuba japonica Extract and Aucubin Prevent Desiccating Stress-Induced Corneal Epithelial Cell 

Injury and Improve Tear Secretion in a Mouse Model of Dry Eye Disease. Molecules 2018, 23, 2599, doi:10.3390/mole-

cules23102599. 

47. de Paz-Lugo, P.; Lupiáñez, J.A.; Meléndez-Hevia, E. High glycine concentration increases collagen synthesis by articular chon-

drocytes in vitro—Acute glycine deficiency could be an important cause of osteoarthritis. Amino Acids 2018, 50, 1357–1365, 

doi:0.1007/s00726-018-2611-x. 

48. de Paz-Lugo, P.; Meléndez-Hevia, E. Branch-point stoichiometry can generate weak links in metabolism: The case of glycine 

biosynthesis. J. Biosci. 2008, 33, 771–780, doi:10.1007/s12038-008-0097-5. 

49. Hong, G.U.; Lee, J.Y.; Kang, H.; Kim, T.Y.; Park, J.Y.; Hong, E.Y.; Shin, Y.H.; Jung, S.H.; Chang, H.-B.; Kim, Y.H.; et al. Inhibition 

of Osteoarthritis-Related Molecules by Isomucronulatol 7-O-β-d-glucoside and Ecliptasaponin A in IL-1β-Stimulated Chondro-

sarcoma Cell Model. Molecules 2018, 23, 2807, doi:10.3390/molecules23112807. 

50. Hong, E.Y.; Kim, T.Y.; Hong, G.U.; Kang, H.; Lee, J.Y.; Park, J.Y.; Kim, S.C.; Kim, Y.H.; Chung, M.H.; Kwon, Y.I.; et al. Inhibitory 

Effects of Roseoside and Icariside E4 Isolated from a Natural Product Mixture (No-ap) on the Expression of Angiotensin II 

Receptor 1 and Oxidative Stress in Angiotensin II-Stimulated H9C2 Cells. Molecules 2019, 24, 414, doi:10.3390/mole-

cules24030414. 

51. Loesche, A.; Kahnt, M.; Serbian, I.; Brandt, W.; Csuk, R. Triterpene-Based Carboxamides Act as Good Inhibitors of Butyrylcho-

linesterase. Molecules 2019, 24, 948, doi:10.3390/molecules24050948. 

52. Panicker, N.G.; Balhamar, S.O.M.S.; Akhlaq, S.; Qureshi, M.M.; Rizvi, T.S.; Al-Harrasi, A.; Hussain, J.; Mustafa, F. Identification 

and Characterization of the Caspase-Mediated Apoptotic Activity of Teucrium mascatense and an Isolated Compound in Human 

Cancer Cells. Molecules 2019, 24, 977, doi:10.3390/molecules24050977. 

53. Juan, M.E.; Lozano-Mena, G.; Sánchez-González, M.; Planas, J.M. Reduction of Preneoplastic Lesions Induced by 1,2-Dime-

thylhydrazine in Rat Colon by Maslinic Acid, a Pentacyclic Triterpene from Olea europaea L. Molecules 2019, 24, 1266, 

doi:10.3390/molecules24071266. 

54. Lv, Y.; Hou, X.; Zhang, Q.; Li, R.; Xu, L.; Chen, Y.; Tian, Y.; Sun, R.; Zhang, Z.; Xu, F. Untargeted Metabolomics Study of the In 

Vitro Anti-Hepatoma Effect of Saikosaponin d in Combination with NRP-1 Knockdown. Molecules 2019, 24, 1423, 

doi:10.3390/molecules24071423. 

 


