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US-American deserts and its metabolite nordihydroguaiaretic acid

Silvia Arteaga, Adolfo Andrade-Cetto, René Ćardenas∗
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Abstract

Although controversial, Creosote bush,Larrea tridentata(Sesse and Moc. ex DC) Coville, is used to treat a variety of illnesses including
infertility, rheumatism, arthritis, diabetes, gallbladder and kidney stones, pain and inflammation. Recently, it has been used as a nutritional
supplement. The primary product extracted from this common plant of the arid regions of northern México and Southwestern United States
is the potent antioxidant nordihydroguaiaretic acid (NDGA). It was widely used during the 1950s as a food preservative and to preserve
n chronic use
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aturals fibers. Later it was banned after reports of toxicity during the early 1960s. Renal and hepatotoxicity are also reported for
f creosote bush and NDGA. This article reviews traditional and contemporary uses and pharmacology, including toxicology of
idely used in Mexican traditional medicine.
2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Creosote bush,Larrea tridentata (Sesse and Moc. ex
DC, Zygophyllaceae) Coville is a common shrub of North
American warm deserts. Its dominance has increased within
19 million ha of lands previously considered desert grass-
lands in response to disturbances such as grazing (Van Auken,
2000; Whitford et al., 2001). While often viewed as an in-
dicator of desertified conditions and the focus of extensive
control efforts (Herbel and Gould, 1995) it is also an impor-
tant plant with a long history of medicinal use (Timmermann,
1977). Among the proposed medicinal properties of creosote
bush, the most prominent is its antioxidant effects (Sheikh
et al., 1997). The family Zygophyllaceae includes more than
thirty genera and approximately 250 species (Jones, 1987).L.
tridentatais used in a variety of forms. Traditionally leaves
and twigs are used to prepare a tea, but is also used in cap-
sules and tablets, prepared for oral consumption. In México
the tea is used traditionally as a treatment of kidney and gall-
bladder stones (Diaz, 1976). Current use is limited by re-
ports of toxic hepatitis (Brent, 1999), and a case of cystic
renal disease (Smith, 1994) associated with its chronic use.
Hepatic impairment resulting from the use of conventional
drugs is widely acknowledged, but there is less awareness of
the potential hepatotoxicity of herbal preparations and other
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temperatures within its range of distribution, without under-
going irreparable damage. However, periodic extreme freezes
may contribute to limiting the present distribution ofL. tri-
dentatasince freezing induces xylem embolism and cavita-
tion (Mart́ınez-Vilalta and Pockman, 2002). Creosote bush is
unpalatable to livestock and most wildlife, is usually toxic,
sometimes causing death (Gay and Dwyer, 1998). Sheep, es-
pecially pregnant ewes, have been reported to die after eating
the leaves (Utah State University, 2005). Creosote bush is
abundant in the desert areas of the Mexican states of San
Luis Potośı, Coahuila, Chihuahua, Durango, Sonora, Zacate-
cas, Baja California Norte and Sur, and in the Southwest
of the United States in Arizona, California, Nevada, Texas
and New Mexico (Rzedowsky and Huerta, 1994). Similar
species are found in arid zones of South America, mostly in
Argentina and Bolivia. It has been established that the plant
is of South American origin, with a disjunct distribution (Lia
et al., 2001).

3. Phytochemistry

Larrea tridentatais a notable source of natural products
with approximately 50% of the leaves dry weight as ex-
tractable matter. The resin that covers the leaves yielded 19
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re commonly used for self-medication without supervi
Stickel et al., 2000). Creosote bush is also known as c
arral and greasewood in the United States and gobern
governess) and hediondilla (little smelly one) in México.
his review initially presents a short botanical descrip
f the plant and an overall view of its phytochemical div
ity. Then the traditional and contemporary uses reporte
riefly summarised, together with in vitro studies dea
ith some medicinal uses. It should be mention that mo

he medicinal uses ofLarrea tridentataare not supported b
xperimental or clinical studies. In the section on pharma
gy, in vivo studies on the beneficial, which propose pos

herapeutic additional uses, and toxic properties of bot
lant and its main metabolite, nordihydroguaiaretic acid
eviewed, as well as their hepatic metabolism.

. Botanical description and distribution

Larrea tridentata is an evergreen shrub 1–3 m hi
ranched and knotty. Leaves are opposite with two a
etrical leaflets measuring ca. 1 cm in length. Leaves
lossy with a thick resinous coating secreted by a glan
pidermis of the stipules, located on the knots; the stea
oody, knotty and inerm. Flowers are complete and b
olitary in the axils, with five yellow clawed petals. The fr
s a roundish capsule, covered with a dense concentrat
hite hairs (De la Cerda, 1967; Nellesen, 1997). The plan
ischarges a penetrant odor and has a bitter flavor. It is p
ial, retaining most of its leaves across the drought and
avonoid aglycones, as well as several lignans, notabl
luding the antioxidant NDGA (Fig. 1; Konno et al., 1990).
ome glycosylated flavonoids, sapogenins, essential
alogenic alkaloids (Argueta, 1994) and waxes were isolate

rom creosote bush (Romo de Vivar, 1985).Larrea tridentata
ontains about 0.1% of dry weight as volatile oils. Within
olatile fraction 67 compounds have been identified cons
ng more than 90% of the know creosote bush oils; the rem
ng 10% is a mixture of more than 300 constituents, ma

onoterpenoids and aromatic sesquiterpenoids (Mabry and
ohnstedt, 1981; Xue et al., 1988). Products from the meva
nic, shikimic and fatty acid pathways are predominant.
ides a great number of substances, the vinyl and m
etones contribute significantly to the creosote bush ch
eristic odor. Three common sterols have also been ident
ampesterol, stigmasterol and sitosterol, as well as sap
f the C30-ursolic type that represent less than 1% of
pecies dry weight (Mabry and Bohnstedt, 1981). Alkaloids
ave been isolated from the bark and roots, but not from

eaves and flowers (Lara and Ḿarquez, 1996). In terms of nat
ral products chemistry creosote bush is best known b

arge amount of the lignan NDGA, which is deposited on

Fig. 1. Nordihydroguaiaretic acid structure.
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surface of the leaves (Mabry and Bohnstedt, 1981). It has been
found that between 5 and 10% of the leaves dry weight con-
sist of NDGA, 80% of all phenolics in the resin. A study on
the distribution of secondary phenolic compounds reported
that flowers, leaves, green stems and small woody stems
all contained NDGA, with highest concentrations in leaves
(38.3 mg/g) and green stems (32.5 mg/g;Hyder et al., 2002).
Due to numerous pharmacological activities of NDGA, a ver-
satile method for its synthesis and that of a variety of deriva-
tives was developed (Gezginci and Timmermann, 2001). Re-
cently three new lignans, and six flavonoids and four lignans
known compounds of creosote bush were isolated from the
plant (Abou-Gazar et al., 2004). The epoxylignans with a
tetrahydrofuran moiety showed strong antioxidant activity.
NDGA and other phenols of the leaf surface deter herbivory.
On the other hand, the flavonoids function as antimicrobial
agents, and as protection against herbivores, UV radiation
and water loss, and so are potentially important in the species
success in desertic ambients (Mabry and Bohnstedt, 1981).

4. Ethnobotany and in vitro pharmacology related to
traditional uses

4.1. Reported medicinal uses
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ExternallyLarrea tridentatahas medicinal uses as tinc-
ture and salves, as antiseptic and poultice to excoriations,
wounds (Timmermann, 1977; Mabry et al., 1979b; Argueta,
1994; Kay, 1996; Lara and Ḿarquez, 1996), acne, psoriasis
and dandruff (Estudillo and Hinojosa, 1988; Brent, 1999).
It has also been used as salves against burns (Sheikh et
al., 1997; Brent, 1999), bruises and hemorrhoids, for cica-
trization (Argueta, 1994), chicken pox (Timmermann, 1977;
Sheikh et al., 1997), snakebite pain, chronic cutaneous disor-
ders (Nellesen, 1997; Sheikh et al., 1997; Brent, 1999) and
allergic problems (Brinker, 1993).

Several antibiotic (Mabry et al., 1979a; Argueta, 1994),
antifungal (Mabry et al., 1979a; Barraǵan et al., 1994; Brent,
1999) and antiviral properties (Brent, 1999) have been at-
tributed to creosote bush. Dried chaparral is described as one
of the best herbal antibiotics, being useful against bacteria,
viruses and parasites, both internally and externally (Smith,
1994). The alcoholic extract of creosote bush has antifungal
activity against tested species ofAspergillus,Penicilliumand
Fusarium(Tequida et al., 2002). Similarly, the ethanolic ex-
tract showed good antimicrobial activity against growth of
yeast and some molds and bacteria (Verastegui et al., 1996).
Among the multiples medicinal properties of chaparral, it has
been mentioned as antiamoeban at low doses (Brent, 1999).
Ethanolic and chloroformic extracts of creosote bush and
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Creosote bush has been used in traditional medici
reat more than 50 illnesses (Table 1). Most common use
re associated to diseases of renal and gynaecologic o
he plant is used as aqueous or alcoholic liquid extra

eaves and twigs; in addition, it is available in capsules
ablets for oral use, while leaves and branches can be
or poultice and fomentation. Historically, aqueous extr
f the creosote bush have been used by native heale

he Southwest region of North America, and is commo
eferred to as chaparral tea. In México it is reported that a
nfusion of the leaves dissolves gallbladder and kidney st
hen the tea is consumed throughout the day (“Agua de
art́ınez, 1969; Diaz, 1976; Lara and Márquez, 1996). It is
sed in the treatment of diseases of the liver, and as a

onic (Sheikh et al., 1997; Brent, 1999). Creosote bush h
lso been employed for kidney pain and cystitis (Mart́ınez,
969) dysuria (Mart́ınez, 1969; Lara and Ḿarquez, 1996),
s a diuretic (Mabry et al., 1979b; Tyler and Foster, 1999),

o treat infections of the urinary tract and venereal dise
Timmermann, 1977; Mabry et al., 1979b; Brent, 1999). Oral
ecoctions and extracts of leaves and twigs have been
y the Pima Indians in the Southwest of United States a
exico for the treatment of diabetes (Winkelman, 1989).
Likewise, creosote bush is employed against ste

hrough vaginal baths with infusions of the leaves and
Estudillo and Hinojosa, 1988; Argueta, 1994), it is also
eported to be effective against menstrual pains and
arturient inflammation (Estudillo and Hinojosa, 1988; A
ueta, 1994; Brent, 1999). Whereas an infusion of the root
lso used as a contraceptive (Moser, 1970; Argueta, 1994).
.

DGA showed a marked growth inhibition ofEntamoeba
ystoliticaandEntamoeba invadensin culture (Segura, 1978
abry et al., 1979a; Calzado-Flores et al., 1995).
It is said to possess analgesic and anti-inflamma

roperties, when applied as a poultice of powdered le
Timmermann, 1977; Argueta, 1994; Kay, 1996; Tyler
oster, 1999), is helpful in the treatment of neuritis and s
tica (Timmermann, 1977; Mabry et al., 1979b) and has
een employed as a tea to help with cramps (Brinker, 1993),

oothache (Brent, 1999) and headache (Argueta, 1994). Cha-
arral and nordihydroguaiaretic acid (NDGA) have po
nti-inflammatory activity, possibly due to their ability to
ibit the enzyme lipoxygenase in vitro (Bokoch and Reed
981; Salari et al., 1984; Safayhi et al., 1992).

Other potential medicinal uses are against arthritis
heumatism. The branches are macerated in alcoho
ubbed onto the affected area (Mabry et al., 1979b; Brinke
993; Argueta, 1994; Lara and Ḿarquez, 1996; Tyler an
oster, 1999). A tea of the branches is consumed for bo
ramps and inflammation (Mabry et al., 1979b; Tyler and Fo
er, 1999), stomach pain, diarrhea (Argueta, 1994; Sheikh
l., 1997), ulcer and indigestion (Argueta, 1994), as an emeti
Mabry et al., 1979b; Tyler and Foster, 1999), weight-loss
Sheikh et al., 1997).

Chaparral tea has also been used in the treatment o
iratory diseases (Mabry et al., 1979b; Brent, 1999), such a
old, cough and influenza (Argueta, 1994; Brent, 1999; Tyl
nd Foster, 1999), bronchitis (Timmermann, 1977; Sheik
t al., 1997) and tuberculosis (Timmermann, 1977; Tyler
nd Foster, 1999). A large great variety of illnesses ha
een treated with creosote bush, such as anemia (Argueta



234 S. Arteaga et al. / Journal of Ethnopharmacology 98 (2005) 231–239

Table 1
Main ethnobotanical uses of the leaves and twigs of Creosote bush

Uses Reference

Acne, psoriasis and dandruff Estudillo and Hinojosa (1988)andBrent (1999)
Allergic problems Brinker (1993)
Altered blood pressure Argueta (1994)andSheikh et al. (1997)
Analgesic and anti-inflammatory Timmermann (1977), Argueta (1994), Kay (1996)andTyler and Foster (1999)
Anemia Argueta (1994)
Antiamoebic Brent (1999)andSegura (1978)
Antibiotic Mabry et al. (1979a)andArgueta (1994)
Antifungic Mabry et al. (1979a), Barraǵan et al. (1994)andBrent (1999)
Antineoplasic Sheikh et al. (1997)andTyler and Foster (1999)
Antiseptic Timmermann (1977), Mabry et al. (1979b), Argueta (1994), Kay (1996)andLara and

Márquez (1996)
Antiviral Brent (1999)
Arthritis and rheumatism Mabry et al. (1979b), Brinker (1993), Argueta (1994), Lara and Ḿarquez (1996)and

Tyler and Foster (1999)
Blood purifier Sheikh et al. (1997)
Bowel cramps and inflammation Mabry et al. (1979b)andTyler and Foster (1999)
Bronchitis Timmermann (1977)andSheikh et al. (1997)
Burns Sheikh et al. (1997)andBrent (1999)
Chicken pox Timmermann (1977)andSheikh et al. (1997)
Cicatrization, bruises and hemorrhoids Argueta (1994)
Cold, cough and influenza Argueta (1994), Brent (1999)andTyler and Foster (1999)
Contraceptive agent (roots of the plant) Moser (1970)andArgueta (1994)
Cramping Brinker (1993)
Diabetes Winkelman (1989)andArgueta (1994)
Diseases of the liver, and as a liver tonic Sheikh et al. (1997)andBrent (1999)
Dysuria Mart́ınez (1969)andLara and Ḿarquez (1996)
Diuretic Mabry et al. (1979b)andTyler and Foster (1999)
Emetic Mabry et al. (1979b)andTyler and Foster (1999)
Headache Argueta (1994)
Kidney and gallbladder stones Diaz (1976)
Kidney pain and cystitis Mart́ınez (1969)
Menstrual pains and inflammation after delivery Estudillo and Hinojosa (1988), Argueta (1994)andBrent (1999)
Neuritis and sciatica Timmermann (1977)andMabry et al. (1979b)
Parasites Mabry et al. (1979a)andBrinker (1993)
Snakebite pain, chronic cutaneous disorders Nellesen (1997), Sheikh et al. (1997)andBrent (1999)
Sterility Estudillo and Hinojosa (1988)andArgueta (1994)
Stomach pain and diarrhea Argueta (1994)andSheikh et al. (1997)
Toothache Brent (1999)
Tuberculosis Timmermann (1977)andTyler and Foster (1999)
Ulcer and indigestion Argueta (1994)
Urinary tract infections and venereal diseases Timmermann (1977), Mabry et al. (1979b)andBrent (1999)
Weight-loss Sheikh et al. (1997)

1994), altered blood pressure (Argueta, 1994; Sheikh et al.,
1997) and diabetes (Argueta, 1994), as well as blood purifier
(Sheikh et al., 1997) and antineoplasic (Sheikh et al., 1997;
Tyler and Foster, 1999).

The beneficial effect in most of these treatments has not
been demonstrated using appropriate in vivo models or clin-
ical studies. However, two possible properties of creosote
bush (and/or NDGA) for which some in vitro evidence exists
seem to be of relevance for many different diseases: antibi-
otic and anti-inflammatory activities. In other cases this does
not seem to be so, such as in diabetes and gallstones, for
which, however, some experimental evidence exist (Luo et
al., 1998; Arteaga, 1997). More recently, creosote bush has
been introduced as a dietary supplement, mainly due to its
antioxidant activity. This could explain its use and abuse in
other situations, as well as the increase in toxicity reports.

4.2. Other reported uses

The essential oil has been employed in soaps and creams,
as well as a shoe polish. Due to its tannin content it has
been employed in tanning. The extraction, crystallization
and use of NDGA from creosote bush as a food antioxi-
dant was approved by the Meat Inspection Division of the
US War Food Administration in 1943. However, in 1970 this
use was banned by the US Food and Drug Administration
(Timmermann, 1981). Currently, NDGA is employed as an
antioxidant in the storage of natural and synthetic rubber. The
resin is used as a thermofixed polymer adhesive for wood and
cardboard, due to its strong antimicrobial properties, which
prevent the rotting of natural fibers. It has also been used to
cover capsules, tablets and pills. The whole plant has been
used for house roofing and firewood (Mabry and Bohnstedt,



S. Arteaga et al. / Journal of Ethnopharmacology 98 (2005) 231–239 235

1981). Likewise, a boiling of creosote bush has been em-
ployed to remove scale and to unplug boilers and pipelines,
as well as to clean rifle barrels (Timmermann, 1977). Cel-
lulose with a similar quality to that obtained from conifers
could be acquired from creosote bush. The later use is desir-
able because of the abundance of creosote bush and the need
to decrease creosote populations in order to increase the pro-
ductive capacity of the ecological systems it inhabits. Effec-
tive control would require that the whole plant be removed
since it is a prolific root sprouter. Based on proximate nutrient
profiles it could be a good food source for livestock, as it has
a profile similar to alfalfa. Flour with 18–31% protein has
been obtained from leaves previously extracted with ethanol
(Navarro et al., 1981). However, it is necessary to remove the
resin and the odor before it is used by cattle (Timmermann,
1981). On the other hand, creosote bush exhibits an ability
for rapid root uptake of copper(II) ions from solution, so it
may provide a useful and novel method of removing cop-
per from contaminated soils (Gardea et al., 2001). Therefore
it has been used as an indicator of soil contamination, to
identify the presence and distribution of tritium near radioac-
tive disposal areas in the Mojave Desert (Andraski et al.,
2003).
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In several states and diseases, such as aging, heart dis-
ease, cancer, Alzheimer’s disease, inflammatory-immune in-
juries/autoimmune diseases (rheumatoid arthritis, lupus, dia-
betes), AIDS, adult respiratory distress syndrome, etc., reac-
tive oxygen species have a causal contribution (Frei, 1994).
Creosote bush has been traditionally used in some of these
disorders, and perhaps its antioxidant activity through NDGA
and several other lignans could be responsible for its thera-
peutic benefits.

Despite the wide use of creosote bush in traditional
medicine and several experimental studies that give support
to these claims, there is a lack of in vivo pharmacological or
clinical trials that confirm these results.

5.2. Side effects and toxicity

Chaparral products, mainly tablets and capsules of pow-
dered leaves and twigs, have been marketed as dietary sup-
plements, due to their antioxidant properties. However, non-
recommended uses of these products have led to hepatic
damage (Stickel et al., 2000). Several cases of chaparral-
associated hepatitis have been reported to the U. S. Food
and Drug Administration (FDA) between 1992 and 1994
(Obermeyer et al., 1995). In one report, there was evidence
of hepatotoxicity in 13 of 18 patients; the predominant pat-
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.1. Reports on Larrea with positive outcomes

A study examining the safety of low-dosage treatment
reosote bush has been reported for subjects using cre
ush prior to initiation of the study for traditional uses incl

ng both oral and topical applications (Heron and Yarnel
001). In this study none of the subjects showed any his
f liver disease from the use ofLarrea in a complex herba

ormula containing less than 10% of tincture, or in an
ract in ricinus oil for topical use. It may be preferable
void the use ofLarreacapsules because they have been
ociated with potentially dangerous overdosing (Heron and
arnell, 2001). Since extracts of the creosote bush have
een used as a folk remedy for type II diabetes studies in
rea are of particular interest. Masoprocol (pure NDGA

ated from the plant) significantly reduces plasma glucose
riglyceride (TG) concentrations in rats treated with stre
otocine, by increasing glucose disposal and decreasing
sis (Luo et al., 1998; Reed et al., 1999); it also decreases T
ecretion and liver TG content in rats with fructose-indu
ypertriglyceridemia, a nondiabetic model of hypertrig
ridemia associated with insulin resistance and hyper

inemia (Scribner et al., 2000).
The addition of a hydroalcoholic extract of creosote b

revents the formation of pigment gallstones in hams
Granados and Ćardenas, 1994), and that the ethanolic extra
revents cholesterol stones by reducing the biliary choles
olar percent (Arteaga, 1997). This studies support the u
f creosote bush in gallbladder lithiasis.
ern of liver injury was characterized as toxic or drug-indu
holestatic hepatitis, jaundice and marked increase in s
iver chemistry values; in four individuals progression
irrhosis was observed and in two individuals there
cute fulminant liver failure requiring liver transplant (Sheikh
t al., 1997). In another case, a patient developed sim
ymptoms after taking chaparral tablets, 160 mg/day,
onths, documented severe cholestasis and hepatoc

njury. The serum enzyme levels were markedly elev
nd severely narrowed biliary ducts were observed, wit
clerosing cholangitis, distal obstruction, tumor, or sten
Alderman et al., 1994). Another patient developed hepat
–3 months after beginning daily consumption of creo
ush leaf (proven by biopsy). The patient recovered
easing creosote bush intake (Batchelor et al., 1995). Yet
nother study reported hepatic and renal failure attribut
rolonged consumption of creosote bush products. Th

hor of this report noted that when taken in capsule or ta
orm creosote bush can cause subacute hepatitis (Gordon e
l., 1995). Six patients exhibited clinical, biochemical a
istological evidence of severe hepatitis after taking he
emedies, among them chaparral. The symptoms were
ice, fatigue, pruritus and high liver enzymes, indicating h
tocellular damage, in all biopsies portal and lobular hep
as found (Whiting et al., 2002).
There is also the risk of renal disease resulting f

hronic chaparral tea ingestion (Spencer and Jacobs, 199).
n a case report, a 56-year-old woman was diagnose
aving numerous microscopic and macroscopic cysts i
idney. The patient had been consuming three to four
aily of chaparral tea during a 3-month period (Smith, 1994).
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Creosote bush has been reported as an agent producing the
biliary duct vanishing syndrome, observed in cholestasis in-
duced by drugs (Chitturi and Farrel, 2001). Herbal prepara-
tions are marketed as natural and safe alternatives to conven-
tional medicines for the prevention and treatment of a variety
of ailments, however, consumers may not be fully aware of
their potential side effects.

5.3. Experimental studies on possible additional uses of
NDGA

This lignan posses several beneficial properties. It has
been used in the treatment of the Sjogren-Larsson syndrome,
a severe neurocutaneous disorder due to fatty aldehyde de-
hydrogenase involved in the degradation of leukotriene B4
(Willensen, 2000). This is its only clinical use reported. It
modulates the expression of endothelial nitric oxide syn-
thetase in vitro, which has implications in the treatment of
cardiopathies (Ramasamy et al., 1999) and it also reduces
blood pressure in rats with hypertension induced by fructose
(Gowri et al., 1999). NDGA is converted by the gut microflora
to estrogenic compounds, which have estrogenic activity in
vitro as well as in vivo (Fujimoto et al., 2004).

Several studies suggest that NDGA could have a role in
cancer therapy. NDGA and a leaf extract of a South American
s tumor
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anti-HIV activity, inhibited (IC50 = 43.5�M) the replication
of herpes simplex virus in Vero cells (Chen et al., 1998) and
human papilloma virus (Craigo et al., 2000).

NDGA has been used in research as an antioxidant to test
the participation of lipid peroxidation in some processes. Cre-
osote bush scavenges the superoxide anion radical O2− in a
dose-dependent manner (Zang et al., 1999). NDGA inhib-
ited the alterations of airway epithelial barrier and active ion
transport properties of guinea pig tracheobronchial mono-
layers induced by nitrogen dioxide (Robison and Kwang-Jin,
1996), the apoptotic cell death of the trophoblast layer of
chorion tissues during development (Ohyama et al., 2001),
and protected cultured rat hippocampal neurons against the
toxicity of amyloid�-peptide, interrupting a neurodegenera-
tive pathway relevant to the pathophysiology of Alzheimer’s
disease (Goodman et al., 1994).

5.4. Studies on NDGA toxicity

Besides being a potent lipoxygenase and cyclooxygenase
inhibitor (Safayhi et al., 1992), NDGA is also an inhibitor of
intracellular vesicular transport at concentrations between 50
and 100�M (Drecktrath et al., 1998; Ramoner et al., 1998):
it not only interrupts the secretory vesicular route, but also
the endocytic pathway in human dendritic cells. Protein recy-
c ibly
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ubspecies of creosote bush were found to exert an anti
ffect in rats (Birkenfeld et al., 1987). NDGA, at 2 mg/day
.o. for 1 week, is a potent inhibitor of hepatic toxicity a
enal tumor promotion mediated by ferric-nitrilotriacetat
ice (Ansar et al., 1999). It was shown to be a possib

hemoprotective agent in patients at risk or with lung ca
Soriano et al., 1999). Moreover, non-small and small-c
ung cancer cell lines are inhibited by NDGA with an IC50 of
–7�M (Moody et al., 1998). It also reduced the frequen
f micronuclei induces by methyl methanosulfonate in v
Diaz et al., 1999). Similar to other lipoxygenase inhibito
DGA induced a more differentiated state and apoptos
everal human pancreatic cancer cell lines (Ding et al., 1999),
uppress breast cancer cell growth (Earashi, 1995), and also
hows an additive or synergistic effect with retinoic acid
he inhibition of mammary tumor cell transformation a
roliferation (Kubow et al., 2000). NDGA significantly in-
ibited UVB-induced signaling pathways in the human
tinocyte cell line HaCaT, which suggests it to be a pote
gent in the prevention of skin cancer (Gonzales and Bowde
002). These reports suggest two different modes of ac

or NDGA in cancer. The first one as an antioxidant, prev
ng the harmful effect of reactive oxygen species, the oth
n agent that affects genetic expression and differentia
robably through its effect on leukotriene synthesis.

Several lignans derivatives fromLarrea tridentatashow
nti-HIV activities (Gnabre et al., 1996), and several meth

ated NDGA were produced in the laboratory which ex
ted similar or even higher anti-HIV activities than the nat
ompounds (Hwu et al., 1998). Of these lignans the synthe
erivative tetramethyl-O-NDGA, which shows the highe
ling between endoplasmic reticulum and Golgi is revers
locked by NDGA at 30�M, disrupting the Golgi apparatu
owever, at 100�M it inhibits protein synthesis and alte

he Golgi irreversibly (Fujiwara et al., 1998a). Likewise, it
as been found that the ethanolic extract of creosote
nd NDGA have a reversible cholestatic effect in hepato
ouplets at concentrations between 2 and 12�g/ml (Cárdena
t al., 2000), which could be related to its inhibition of intr
ellular movement of transporters. NDGA reduces cel
TP through inhibition of electron flux in the respirato
hain (Fujiwara et al., 1998b); it also inhibits the regula
ion of cellular volume by swelling, through an inhibition
aurine channels at 50–150�M (Ballatori and Wang, 1997).
ncreases in intracellular Ca2+ in a concentration-depende
anner are induced by NDGA between 10 and l00�M. This
ction is modulated by phospholipase A2 (Jan and Tsen
000). NDGA caused a dose-dependent reduction of the

atory rate in the isolated perfused rat ovary, with a re
ion of ovarian prostaglandin and leukotriene concentra
Mikuni et al., 1998).

The US Federal Drugs Administration prohibited the
f NDGA as food additive since it was shown to inhibit s
ral enzymes such as peroxidase, catalase and alcoho
rogenase, as well as NADH-dehydrogenase and suc
ehydrogenase (Timmermann, 1981). NDGA also inhibits
hospholipase A2 (Jacobson and Schrier, 1993), cytochrome
-450 (Agarwal et al., 1991) and carboxylesterases (Satoh
nd Hosokawa, 1998).

Reported acute NDGA LD50 for rodents range betwe
00 and 5500 mg/kg b.w. orally (Oliveto, 1972). Rats fed
iets with 3% NDGA developed cortical and medullary c
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in the kidney (Timmermann, 1977), and one case of human
cystic renal disease and cystic adenocarcinoma associated to
chaparral tea consumption has been reported (Smith, 1994).

5.5. Hepatic metabolism of creosote bush and NDGA

Little is known on the metabolism of creosote bush com-
ponents. However, it has been reported on the hepatic pro-
cessing of NDGA. The intravenous injection of 50 mg/kg
of NDGA to mice resulted in a peak plasma concentration
of 14.7 mg/ml, with a half-life of 135.0 min, and a clear-
ance of 201.9 ml/min/kg (Lambert et al., 2001). The high
clearance indicates that NDGA may be cleared by non-renal
mechanisms. Mono and diglucuronides of NDGA have been
identified in bile from mice injected intraperitoneally with
120 mg/kg of NDGA (Lambert et al., 2002). In this latter
study, an LD50 of 75 mg/kg was established 5 days after a
single i.p. dose, and an increase in alanine amino transferase
was found with 50 mg/kg.

Similarly, woodrats fed with alfalfa pellets containing
increasing levels of the phenolic resin from creosote bush
showed increased glucuronide and sulfide conjugates level
with increasing resin intake, and it seems that woodrats from
the Mojave Desert tolerate more resin because they have a
greater capacity for glucuronide excretion (Mangione et al.,
2
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has many beneficial applications. However, due to some re-
ports of toxicity care must be taken when the plant is used in
traditional preparation.
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