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Abstract

In Mexico, there is an area known as semiarid region that is located in northern Mexico,
and this region is rich in biodiversity (endemic flora and fauna). In the semiarid region of
Mexico are more than 3500 species of plants that have been identified and used as natural
alternatives  to  treat  different  ailments  (digestive  ailments,  kidney  problems,  skin
conditions, etc.). The use of plants for medicinal purposes was a common practice in
Mexico before the arrival of the Spanish in the sixteenth century; although this knowledge
was underestimated for a long time, now interest has reemerged in the use of plants as
alternative remedies or traditional medicine. It is now known that the medicinal plant
capacity is due to its biological properties, which are due to chemical compounds that are
synthesized  by  the  plant  metabolisms,  called  phytochemicals.  Phytochemicals  are
bioactive  compounds that  have  important  biological  properties  such as  anticancer
property, antimicrobial, antiparasitic, antioxidant, and interest in the recovery of these
compounds has grown in recent years, in order to find natural alternatives to synthetic
drugs, which they are used for different chronic conditions such as cancer.
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1. Introduction

Mexico has diverse natural ecosystems that allow the development of a wide variety of flora
and fauna; one of them is the semiarid ecosystem. Also, in Mexico, herbal medicine goes back
beyond pre-Columbian times, representing a natural and inexpensive alternative for health care,
having an important role in the system of traditional medicine. In this context, the plants that
grow in Mexican semidesert have been used through the years as traditional medicinal agents
and that practice and knowledge have been passed down from generation to generation. In
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according to data from the World Health Organization (WHO), about 75% of people use herbal
medicinal plant extracts for primary health care worldwide.

Therefore, the interest in natural products has increased as a source of new medicines at the
industrial and research level, where about 40% of modern drugs in use have been developed
from natural products. Since these natural products have a wide structural diversity, mainly
small molecules (<2000 Da), which are able to be absorbed and metabolized quickly in the
body, called secondary metabolites, its interaction gives biological effects resulting in benefit
to health [1]. About 39% of drugs approved between 1983 and 1994 were natural products or
their derivatives, including a 60–80% antibacterial and anticancer agents from a natural source.
For that reason scientific studies about chemical composition of plants from the Mexican
semidesert have been developed, in order to understand and explain the medicinal effects of
these plants. Now it is well known that the medicinal effects are due to the presence of
phytochemicals with bioactive potential. This chapter provides an overview of the Mexican
semidesert endemic plants that have been used in traditional medicine in order to project the
opportunities for study and use of natural resources in Mexico.

2. Jatropha dioica Sessé (dragon’s blood)

One of the plants used in Mexican traditional medicine is a plant called Jatropha dioica Sessé [1].
It is a plant native to the Mexican semidesert [2], is a small shrub (50–150 cm), and is commonly
known by different names, such as batácora, coatli, dexthi, drago, felondilla, sangregado, and
sangregada. In the Mexican semidesert, its most common name is dragon’s blood [3] due to
the fact that the plant contains a colorless liquid that turns red on contact with air (red-like
blood) [2].

This plant grows in dry climates and rocky soils over the mountains; therefore, it is a unique
specie of the Mexican semidesert [4, 5].

Dragon’s blood has been used in Mexican traditional medicine to treat different diseases or to
prevent hair loss. Actually, the stems of the plant are cooked in hot water, and the liquid is
applied to the hair after washing [1, 6]. The liquid recovered from the cooking of dragon’s blood
stems is also used for the treatment of strokes, small wounds, acne, and also for other skin
conditions [6, 7].

Also, it has been reported that this plant is useful for strengthening the gums, to keep the teeth
in their sockets, acting on the fibers that sustains them [8]. Extracts from this plant have been
used as antimicrobial agents. The plant is mainly used as medicinal infusions for the treatment
of vaginitis, urethritis, gonorrhea, nephritis, gastroenteritis, conjunctivitis, renal congestion,
and local antiseptic. The plant has also been used to treat ulcers and asthma [1].

In addition, there are few reports about the phytochemistry of J. dioica. It has been reported
that from the root of the plant are extracted and identified terpenes, such as citlalitrione,
jatrophone, riolosatrione, and sterols like R-sitosterol [2]. In addition, essential oils, resins,
saponins, and alkaloids have been recovered [9].
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The phytochemicals of J. dioica have been associated with important biological properties for
traditional medicine. It has been reported that J. dioica contains secondary metabolites such as
polyphenols or tannins, flavonoids, and terpenes, which help the defense mechanisms of the
plant [10, 11]. Aguilera-Carbo et al. [12] reported the presence of important compounds such
as ellagitannins and ellagic acid in the plant. These compounds are relevant because they
posses biological activities such as antimicrobial and antioxidant.

Besides, this plant has antitumoral, antimicrobial, and antioxidant properties [13]. However,
it has also been reported that the plant seeds produce toxic effects if they are consumed as
infusions. The main toxic effects are related to the damage at DNA level in cells; however, it
has been demonstrated that such effects can be eliminated if the concentrations used are
appropriate to take care of the toxicological aspects in order to preserve the biological effects
[1]. Furthermore, Lioglier [14] reported that the use of the seeds of the plant in traditional
medicine is not recommended due to toxicity. One of the main medicinal effects is the effect
against skin conditions, it has been demonstrated that J. dioica control wounds, skin infections,
and inflammation.

Another important medicinal effect is the antiviral effect, mainly against influenza type A virus
and simplex herpes virus [15]; this is important due to the fact that these two viral diseases are
the most common throughout the world. There is no doubt that the anticancer effect is also the
most important because it is a common and difficult condition to treat. J. dioica extracts have
shown anticancer activity against melanoma cells, human hepatocellular carcinoma, and
human pharynx carcinoma [16].

All these medicinal effects abovementioned are relevant, and this plant represents an option
for treatment for different conditions on human health.

3. Turnera diffusa Willd (damiana)

The semiarid region of México has a great diversity of plant species that have been used in
traditional medicine; this is the case of Turnera diffusa [17]. T. diffusa is commonly known as
damiana, although it is also known by other names, such as “hierba de la postora,” “hierba
del venado,” and “oreganillo.” This plant is widely distributed in the semiarid region of
México, mainly in the states of Baja California, Chihuahua, and Coahuila [18]. It is a small wild
shrub that measures 60 cm–1 m and grows in rocky soil with dry climate and characteristics
of the semiarid México [19]. This plant has been used in traditional Mexican medicine, such as
infusions, teas, antiseptic solutions, for the treatment of various disorders. Damiana extracts
have medicinal effects against digestive disorders (diarrhea), urinary (infections), and respi-
ratory (expectorant). Damiana also has therapeutic effects against me nstrual and circulatory
disorders because the plant has vasodilatory properties [9].

The compounds present in damiana extracts have other beneficial properties for human health;
it has been shown that this plant has anxiolytic effects that reduce and prevent depression and
its physiological effects [19]. The consumption of damiana infusions prevent diabetes because
its hypoglycemic activity [20] and cutaneous application of damiana infusions control the
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process of inflammation in wounds [21] and prevent infections caused by microorganisms and
parasites [22].

It has been demonstrated that damiana extracts have important medicinal properties. There
are studies about the antiulcerogenic effects of this plant, it was demonstrated that due to the
presence of damiana bioactive compounds, arbutina, it has an anti-inflammatory activity in
tissue samples of cells from the stomach [23]. Other authors have reported that consumption
of damiana infusions control and prevent diabetes mellitus and avoid dependence on insulin
[24], and damiana infusions control polyuria, polydipsia, and glucosuria.

However, there is scarce information about the content of phytochemicals in this specie;
however, it was reported that the specie has some important compounds in it. One of the
groups that have been reported to damiana is terpenes; Alcaráz-Meléndez et al. [24] determined
the proportion of compounds as cineole, alpha-pinene, beta-pinene, thymol, and p-Cymene
(0.5–1%). Damiana also contains hydrolysable tannins (4%) [25], flavonoids (0.7%) [26],
alkaloids, etc. Some reference compounds in damiana are ar arbutin (flavone) and apigenin
(hydroquinone), and they have been reported to be the main bioactive compounds of this plant.

Zhao et al. [25] described the presence of uncharacterized compounds in damiana. These
compounds were luteolin glycoside, apigenin glucopyranoside, apigenin coumaroylgluco-
side, syringetin glucopyranoside, and laricitin glucopyranoside. These compounds belong to
the group of flavones and flavonoids that have biological activities such as anti-inflammatory,
antibacterial, and antioxidant [27, 28].

The compounds identified in damiana possess biological activities that can improve the
medicinal effects. Damiana has compounds such as flavonoids, polyphenols, and terpenes [25],
and these compounds have antioxidant activity, which inhibits the activity of free radicals that
cause damage to health by increasing the risk of cancer [29].

On the other hand, compounds of damiana have other activities that promote human health.
These compounds have antimutagenic, antitumor, and anticancer activity [30, 31] against
carcinogenic compounds such as pyrene-7,8-dio-9,10-epoxide (BPDE); therefore, damiana
represents an option for prevention and treatment of cellular disorders.

The antiviral property of damiana compounds has been studied in vitro. Polyphenols and
flavonoids inhibit the replication of human influenza type A virus [32], and these compounds
inhibit the replication of human immunodeficiency virus (HIV) also, blocking the action of
some specific enzymes.

The compounds that are present in damiana can also prevent infections caused by pathogenic
microorganisms because these compounds have antimicrobial activity. Polyphenols and
flavonoids have been evaluated against pathogens such as Salmonella tiphy, Salmonella pyogenes,
and Pseudomonas aeruginosa [33, 34].

There is scarce information about the compounds present in damiana and its medicinal and
pharmacological effects, this represents an opportunity to generate knowledge and expand
the application field of the plant for the treatment of relevant conditions for human health.
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4. Larrea tridentata (Creosote bush)

Larrea tridentata (Creosote bush) is known as “gobernadora,” “hediondilla,” or “guamis” in
Mexico. It is abundant in the desert areas of the North Mexican states such as San Luis Potosi,
Coahuila, Chihuahua, Durango, Sonora, and Zacatecas [35]. Creosote bush is a widespread
perennial flowering bush thriving in the deserts of Mexico and is an important plant with a
long history of medicinal use for different pathologies [36].

Creosote bush is widely distributed in nature, and it is a notable source of natural products
with biological activities. The plant resin has been reported to contain a total of 19 flavonoid
aglycones, some flavonoid glycosides, halogenic alkaloids, several lignans, and a large
quantity of essential oils [35]. The leaves are shiny with a thick resinous coating and discharge
a strong odor and have a sour flavor. Along with these compounds, Creosote bush extracts
contain saponins, monoterpenes, sterols, tannins such as gallic acid (GA) and the antioxidant
nordihydroguaiaretic acid (NDGA). All these compounds, especially NDGA and other
phenols of the leaf surface, function as antimicrobial agents and as protection against herbi-
vores, UV radiation, and water loss [37].

The medicinal use of Creosote bush is through extracts and preparations from this plant to
treat a wide variety of disorders including skin sores, fungal and microbial infections, diabetes,
kidney and gallbladder stones, arthritis, venereal diseases, cold virus infections, sinusitis,
rheumatism, and cancer [38].

Particularly, NDGA and tannins has been identified to have a significant role in cancer therapy
including different models of carcinogenesis such as lung, breast, skin, prostate, and esopha-
geal cancers, demonstrated the capacity of these compounds to inhibit the growth and
proliferation of several human cancer types [39]. In addition, NDGA has been found to be a
potent antiviral and inhibitor of viruses such as herpes simplex virus (HSV), human papilloma
virus (HPV), human immunodeficiency virus (HIV-1), and influenza virus [40]. NDGA
suppresses regulated transcription DNA-binding site that plays an active role in the virus gene
expression, leading to inhibition of gene expression from the early promoters and thus
interferes with proteins function and transcription [41].

5. Cancer and bioactive compounds

Currently, some authors mention that the incidence of cancer is significantly lower in the
people whose diet consists mainly of fruits, vegetables, and herbal teas, than people whose
food consumption is mainly animal products. This has led researchers to search for natural
anticancer compounds obtained from semidesert plants or foods with high phytochemicals
and polyphenols [42].

Hopeful polyphenols are ellagic acid and gallic acid, among other polyphenols, that could be
considered as alternative treatments against cancer. Some studies with GA obtained from
various foods and plants have shown that this compound has anticancer activity against
several types of cancer interfering in some stages of tumor growth, suppressing angiogenesis
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and metastasis in some tumor lines of lung, prostate, bladder, brain, kidney, and leukemia [43,
44]. Moreover, GA inhibits metastasis of P815 liver cells, induced apoptosis in DU145 and
22Rv1 cell prostate cancer in athymic mice, and reduced viability of U251n and U87 human
cells glioma after 24 h of treatment [45, 46]. In contrast, for PWR-1E prostate epithelial cells
that are not cancerous have no significant change, indicating that GA has a selective toxicity
to cancer cells of prostate cancer. Besides, gallic acid treatment was found to diminish the
cellular oxidative stress by decreasing ROS (Reactive Oxygen Species) production and
hepatocarcinoma cell proliferation and also decrease hepatitis C virus (HCV) replication in
Huh7 replicon cells decreasing the expression of nonstructural HCV proteins of the virus [47].

Moreover, the molecular mechanisms underlying the anticancer activities of Creosote bush
lignans and antioxidants have been shown to involve wide cancer pathways. The specific
inhibition of the Sp1 oncogenic factor (Sp1-dependent gene coding for cyclin-dependent
kinase) promotes apoptosis by inhibiting expression of the surviving gene with these plant
lignans and methylated NDGA derivatives and have been shown to induce a decrease in the
proliferation of breast cancer cells [48, 49].

The mechanisms that Creosote bush compounds are antitumorigenic and antiproliferative are
still being elucidated. Other authors carrying out in vivo studies revealed that NDGA sup-
presses tumor growth by inhibiting metabolic enzymes as well as RTK phosphorylation, which
is overexpressed in certain cancer cells [50]. Also, several studies demonstrated that NDGA
and some tannins have the property of inhibiting cancer cell growth in vitro in human tumor
cell xenografts in mice [51].

Furthermore, the demonstration of the hypothesis that antioxidants from foods and plants can
execute beneficial health effects, including acting as inducers of mechanisms relating to
antioxidant defense [52], longevity [53], cell maintenance, and DNA repair [54].

Author details

Mayela Govea-Salas1,2, Jésus Morlett-Chávez1,2, Raúl Rodriguez-Herrera3 and
Juan Ascacio-Valdés3*

*Address all correspondence to: alberto_ascaciovaldes@uadec.edu.mx

1 Clinical Analysis and Molecular Biology Laboratory, School of Chemistry, Autonomous
University of Coahuila, Saltillo, Coahuila, Mexico

2 Cellular Biology Laboratory, School of Chemistry, Autonomous University of Coahuila,
Saltillo, Coahuila, Mexico

3 Food Science and Technology Department, School of Chemistry, Autonomous University
of Coahuila, Saltillo, Coahuila, Mexico

Aromatic and Medicinal Plants - Back to Nature196



References

[1] Martínez N, Almaguer G, Vázquez-Alvarado P, Figueroa A, Zuñiga C, Hernández-
Cereulos A. Phytochemical analysis of Jatropha dioica and determination of its antioxi-
dant and chemopreventive effect on the genotoxic potential of cyclophosphamide,
daunorubicin and methyl methane-sulfonate evaluated by the comet assay. Boletin
Latinoamericano y del Caribe de Plantas Medicinales y Aromaticas. 2014; 13, 437–457.

[2] Wong-Paz J, Castillo-Inungaray M, López-López L, Contreras-Esquivel J, Nevárez-
Moorillon V, Aguilar C. Jatropha dioica: potential source of antimicrobial agents. Acta
Química Mexicana. 2010; 2, 1–5.

[3] Manzanero-Medina G, Flores-Martinez A, Sandoval-Zapotitla E, Bye-Boettler R.
Etnobotanic of seven medicinal plants from México. Polibotánica. 2009; 27, 191–228.

[4] Blanco M. Handbook of toxic plants from Chihuahua state. Centro Librero La Prensa,
Plant records Geog. 1983; 4, 162–168.

[5] Fresnedo J, Orozco Q. Diversity and distribution of genus Jatropha in México.Genetic
Resources and Crop Evolution. 2012; 60, 1087–1104.

[6] Martinez-Herrera J, Siddhuraju P, Francis G, Davila-Ortiz G, Becker K. Chemical
composition, toxic/anti-metabolic constituents, and effect of different treatments on
their levels, in four provenances of Jatropha curcas L. from Mexico. Food Chemistry.
2006; 96, 80–89.

[7] López-Ibarra J, Mendoza-Moreno R. Quantification of condensed tannins from sangre
de drago (Jatropha dioica). Revista Chapingo: Serie Zonas Áridas. 2000; 1, 1–6.

[8] Pérez-Escandón B.  Plants  from Hidalgo State.  Universidad Autónoma del  Estado
de  Hidalgo,  Pachuca,  Hidalgo,  México;  2003.

[9] Belmares R, Garza Y, Rodríguez R, Contreras J, Aguilar C. Composition and fungal
degradation of tannins present in semiarid plants. Electronic Journal of Enviromental,
Agricultural and Food Chemistry. 2009; 4, 312–318.

[10] Castillo F, Hernández D, Gallegos G, Méndez M, Rodríguez R, Reyes A, Aguilar C. In
vitro antifungal of plant extracts obtained with alternative organic solvents against
Rhizoctonia solani Kühn. Industrial Crops and Products. 2010; 32, 324–328.

[11] Montenegro G, Salas F, Pena R, Pizarro R. Antibacterial and antifungic activity of the
unifloral honeys of Quillaja saponaria, an endemic Chilean species. International
Journal of Experimental Botany. 2009; 78, 141–146.

[12] Aguilera A, Augur C, Prado L, Aguilar C, Favela E. Extraction and analysis of ellagic
acid from novel complex sources. Chemical Papers. 2008; 62, 440–444.

[13] Sabandar C, Ahmat N, Mohd F, Sahidin I. Medicinal property, phytochemistry and phar-
macology of several species (Euphorbiaceae): a review. Phytochemistry. 2003; 85, 7–29.

Some Mexican Plants Used in Traditional Medicine
http://dx.doi.org/10.5772/66637

197



[14] Lioglier H. Medicinal Plants from Puerto Rico and Caribe. Iberoamericana de Ediciones
Inc., San Juan, Puerto Rico; 1990

[15] Mothana R, Mentel R, Reiss C, Lindequist U. Phytochemical screening and antiviral
activity of some medicinal plants in the island Soqotra. Phytotherapy Research. 2006;
20, 298–302.

[16] Goel G, Makkar H, Francis G, Becker K. Phorbol esters: structure, biological activity
and toxicity in animals. International Journal of Toxicology. 2007; 26, 279–288.

[17] Alcaráz L, Véliz M. Commercialization of desert plant: damiana (Turnera diffusa).
Revista Mexicana de Agronegocios. 2006; 19, 1–13.

[18] Roberts N. Baja California, plant field guide. Natural History Publ. Co., La Joya,
California, E.U.A.; 1989.

[19] Suresh K, Saharma A. Apigenin: the anxiolytic constituent of Turnera aphrodisiaca.
Pharmaceutical Biology. 2006; 44, 84–90.

[20] Kumar S, Sharma A. Anti-anxiety activity studies on homoeopathic formulations of
Turnera aphrodisiaca ward. Evidence-Based Complementary and Alternative Medicine.
2005; 2, 117–119.

[21] Kumar S, Madaan R, Sharma A. Pharmacological evaluation of bioactive principle of
Turnera aphrodisiaca. Indian Journal of Pharmaceutical Sciences. 2008; 70, 740–744.

[22] Quintero A, Pelcastre A, Solano J. Cytotoxic activity of crude extracts from Astragalus
chrysochlorus (Leguminosae). Journal of Pharmacy and Pharmaceutical Science. 1999;
2, 108–112.

[23] Taha M, Salga M, Ali H, Abdulla M, Abdelwahab S, Hadi A. Gastroprotective activi-
ties of Turnera diffusa Willd. ex Schult. revisited: role of arbutin. Journal of Ethnophar-
macology. 2012; 141, 273–281.

[24] Alcaráz-Meléndez L, Delgado-Rodríguez J, Real-Cosío S. Analysis of essential oils from
wild and micropropagated plants of damiana (Turnera diffusa). Fitoterapia. 2004; 75,
696–701.

[25] Zhao J, Pawar R, Ali Z, Khan I. Phytochemical investigation of Turnera diffusa. Journal
of Natural Products. 2007; 70, 289–292.

[26] Carr Z, Kleinerman R, Stovall M, Weinstock R, Griem M, Land C. Malignant neoplasms
after radiation therapy for peptic ulcer. Radiation Research. 2009; 157, 668–677.

[27] Piacente S, Camargo E, Zampelli A, Gracioso J, Brito A, Pizza C, Vilegas W. Flavonoids
and arbutin from Turnera diffusa. Zeitschrift für Naturforschung C. 2002; 57, 983–985.

[28] Umit H, Tezel A, Bukavaz S, Unsal G, Otkun M, Soylu A, Tucer D, Bilgi S. The rela-
tionship between virulence factors of Helicobacter pylori and severity of gastritis in
infected patients. Digestive Diseases and Sciences. 2009; 54, 103–110.

Aromatic and Medicinal Plants - Back to Nature198



[29] Cuzzocrea S. Role of nitric oxide and reactive oxygen species in arthritis. Current
Pharmaceutical Design. 2006; 27, 3551–3570.

[30] Smith S, Tate P, Huang G, Magee J, Meepagala K, Wedge D, Larcom L. Antimutagenic
activity of berry extracts. Journal of Medicinal Food. 2004; 7, 450–455.

[31] Huetz  P,  Mavaddat  N,  Mavri  J.  Reaction  between  ellagic  acid  and  an  ultimate
carcinogen.  Journal  of  Chemical  Information  and  Modeling.  2005;  45,  1564–1570.

[32] Haidari M, Ali M, Casscells S, Madjid M. Pomegranate (Punica granatum) purified
polyphenol extract inhibits influenza virus and has a synergistic effect with oseltamivir.
Phytomedicine. 2009; 16, 1127–1136.

[33] Atta-Ur-Rahman, Ngounou N, Choudhary I, Malik S, Makhmoor T, Nur-E-Alam M,
Zareen S, Lontsi D, Ayafor F, Sondengam L. New antioxidant and antimicrobial ellagic
acid derivates from Pteleopsis hylodendron. Planta Medica. 2001; 67, 335–339.

[34] Nascimento G, Locatelli J, Freitas P, Silva G. Antibacterial activity of plant extracts and
phytochemicals on antibiotic-resistant bacteria. Brazilian Journal of Microbiology. 2000;
31, 247–256.

[35] Arteaga S, Andrade-Cetto A, Cardenas R. Larrea tridentata (Creosote bush), an abundant
plant of Mexican and US-American deserts and its metabolite nordihydroguaiaretic
acid. Journal of Ethnopharmacology. 2005;98, 231–239.

[36] Jian-Ming L, Nurko J, Weakley S, Jiang J, Kougias P, Lin P, Yao Q, Chen C. Molecular
mechanisms and clinical applications of nordihydroguaiaretic acid (NDGA) and its
derivatives: an update. Medical Science Monitor. 2010; 16, 93–100.

[37] Anjaneyulu M, Chopra K. Nordihydroguairetic acid, a lignin, prevents oxidative stress
and the development of diabetic nephropathy in rats. Pharmacology. 2004; 72, 42–50.

[38] Lia V, Confalonieri V, Comas C, Hunziker H. Molecular phylogeny of Larrea and its
allies (Zygophyllaceae): reticulate evolution and the probable time of creosote bush
arrival to North America. Molecular Phylogenetic Evolution. 2002; 21, 309–320.

[39] Gnabre J, Bates R, Huang C. Creosote bush lignans for human disease treatment and
prevention: perspectives on combination therapy. Journal Traditional Complementary
Medicine. 2015; 5(3), 119–126.

[40] Craigo J, Callahan M, Huang C, DeLucia A. Inhibition of human papillomavirus type
16 gene expression by nordihydroguaiaretic acid plant lignan derivatives. Antiviral
Research. 2000; 47, 19–28.

[41] Noor R, Mittal S, Iqbal J. Superoxide dismutase—applications and relevance to human
diseases. Medical Science Monitor. 2002; 8, 210–215.

[42] Nair S, Li W, Kong A. Natural dietary anticancer chemopreventive compounds: redox
mediated differential signaling mechanisms in cytoprotection of normal cells versus in
cytotoxicity in tumor cells. Acta Pharmacologica Sinica. 2007; 28, 459–472.

Some Mexican Plants Used in Traditional Medicine
http://dx.doi.org/10.5772/66637

199



[43] Albini A. Molecular pathways for cancer angioprevention. Clinical Cancer Research.
2007; 13, 4320–4325.

[44] Chi A, Norden A, Wen P. Inhibition of angiogenesis and invasion in malignant gliomas.
Expert Review Anticancer Therapy. 2007; 7, 1537–1560.

[45] Kawada M, Ohno Y, Ri Y. Anti-tumor effect of gallic acid on LL-2 lung cancer cells
transplanted in mice. Anti-Cancer Drugs. 2001; 12, 847–852.

[46] Cai Y, Chopp M, Katakowski M, Jiang F, Jiang H, Lu Y, Shing-Shun T, Wu K, Zhen X.
Gallic acid suppresses cell viability, proliferation, invasion and angiogenesis in human
glioma cells. European Journal of Pharmacology. 2010; 641, 102–107.

[47] Govea-Salas M, Rivas-Estilla M, Rodríguez-Herrera R, Lozano-Sepúlpveda A, Aguilar-
González C, Zugasti-Cruz A, Salas-Villalobos B, Morlett-Chávez J. Gallic acid decreases
hepatitis C virus expression through its antioxidant capacity. Experimental and
Therapeutic Medicine. 2015; 11, 619–624.

[48] Bailey-Dell K, Hassel B, Doyle A, Ross D. Promoter characterization and genomic
organization of the human breast cancer resistance protein (ATP-binding cassette
transporter G2) gene. Biochimica et Biophysica Acta. 2001; 1520, 234–241.

[49] Bongiovanni G, Cantero J, Eynard A, Goleniowski M. Organic extracts of Larrea
divaricata Cav. induced apoptosis on tumoral MCF7 cells with an higher cytotoxicity
than nordihydroguaiaretic acid or paclitaxel. Journal of Experimental Therapeutics and
Oncology. 2008; 7, 1–7.

[50] Blecha E, Anderson O, Chow M, Guevarra C, Pender C, Penaranda C, Zavodovskaya
M, Youngren F, Berkman E. Inhibition of IGF-1R and lipoxygenase by nordihydro-
guaiaretic acid (NDGA) analogs. Bioorganic and Medicinal Chemistry Letters. 2007; 17,
4026–4029.

[51] Park R, Chang C, Liang C, Chung Y, Henry A, Lin E. Systemic treatment with tetra-
Omethyl nordihydroguaiaretic acid suppresses the growth of human xenograft
tumors. Clinical Cancer Research. 2005; 11, 4601–4609.

[52] Hubbard P, Wolffram S, de Vos R, Bovy A, Gibbins M, Lovegrove A. Ingestion of onion
soup high in quercetin inhibits platelet aggregation and essential components of the
collagen-stimulated platelet activation pathway in man: a pilot study. British Journal
of Nutrition. 2006; 96, 482–488.

[53] Ludwig A, Lorenz M, Grimbo N, Steinle F, Meiners S, Bartsch C, Stangl K, Baumann
G, Stangl V. The tea flavonoid epigallocatechin-3-gallate reduces cytokine-induced
VCAM-1 expression and monocyte adhesion to endothelial cells. Biochemical and
Biophysical Research Communications. 2004; 316, 659–665.

[54] Vauzour D, Rodriguez-Mateos A, Corona G, Oruna-Concha J, Spencer J. Polyphenols
and human health: prevention of disease and mechanisms of action. Nutrients. 2010;
2, 1106–1131.

Aromatic and Medicinal Plants - Back to Nature200


