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Abstract: The estrous cycle disruptor effect of an ethanolic extract (EMATst) from Buddleja globosa leaves and standardized in its main
component (verbascoside) was determined in rats after the subcutaneous administration of EMATst. Binding of EMATst and verbascoside
to the estrogen receptor (ER) of EMATst and verbacoside was also measuredestablished. EMATst produced a significant alteration inof the
estrous cycle only at the highest dose (10-5 M), which could be attributed to an antiestrogenic effect. The Bbinding of EMATst and
verbascoside to the ER was competitive and occurred in concentrations 1000 times greater than that of 17β-estradiol.
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Resumen: El efecto disruptor del ciclo estral de un extracto etanólico (EMATst) obtenido a partir de las hojas de Buddleja globosa y
estandarizado en su componente mayoritario (verbascósido) fue determinado en ratas después de la administración subcutánea de EMATst.
Se estableció además la unión al receptor estrogénico (RE) tanto de EMATst como de verbascósido. EMATst sólo a la dosis más alta (105M) produjo una alteración significativa del ciclo estral, lo que podría atribuirse a un efecto antiestrogénico. La unión al RE de EMATst y
verbascósido se produjo a concentraciones 1000 veces mayor que el 17β-estradiol y de forma competitiva.
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β-sitosterol, stigmasterol, stigmastenol, stigmastanol
INTRODUCTION
Endocrine disruptors (ED) are a group of natural or
and campesterol from dichloromethane extract, and
synthetic chemical substances exogenous to the
the standardized ethanol extract in verbascoside
human organism; these compounds interfere with the
(EMATst) is composed mainly of phenylpropanoids,
mechanism of the hormones responsible for the
such as verbascoside, and flavonoids, such as the 7-Omaintenance of homeostasis and the regulation of
glucoside of luteolin (Backhouse et al., 2008a,
development and have various origins, structures and
Backhouse et al., 2008b). Our “in vivo”
uses (Olea et al., 2002). Compounds with estrogenic
pharmacological studies of these extracts have
or antiestrogenic activity present in plants are called
demonstrated their anti-inflammatory activity orally
phytoestrogens, from which isoflavones, lignans,
and topically, as well as their scarring, anti-oxidant
coumestans, flavonoids and stilbenes have been
and analgesic effects (Backhouse et al., 2008a,
identified (Papoutsi et al., 2006). Studies on
Backhouse et al., 2008b).
isoflavones have reported that isoflavones exhibit
The estrogenic effect of verbascoside
estrogenic and antiestrogenic properties, compete for
isolated from Verbascun macrucurum was
the estrogen receptor and exhibit biphasic activity:
measured by Papoutsi et al. (2006), who evaluated
-6
estrogenic action at low concentrations (< 10 M) and
its estrogenic effect on osteoblasts, its antianti-estrogenic activity at high concentrations (>10-6
estrogenic effect on mammalian MCF-7 cancer
M) (Papoutsi et al., 2006).
cells and its anti-proliferative effect on the
Phytoestrogens may or may not be beneficial,
endometrium using the Ishikawa cell line. The
depending on the age at exposure and/or whether the
authors also demonstrated its alpha estrogen
compounds act at the intrauterine or postnatal stages
receptor antagonist properties in HeLa cells.
of development, especially for those substances that
Activity-structure tests “in vitro” to elucidate the
cross the placental barrier or are passed through breast
relative binding affinity of the estrogen receptor
milk (Olea et al., 2002).
demonstrated that the flavones bind to the estrogen
Previous studies have reported that farm
receptor (Heckmann et al., 2008). The 7-O-glucoside
and wild animals that have consumed large
of luteolin apparently does not contribute to the
quantities of plants rich in phytoestrogens exhibit
estrogenic effect of EMATst due to the substitution
problems with reproduction and fertility (Leopold
of the hydroxyl group in C-7 by glucose (Fang et al.,
et al., 1976, Berger et al., 1977). These same
2001).
problems were observed in Australian sheep due to
The present investigation was undertaken to
the consumption of phytoestrogens in a species of
establish the estrous cycle disruptor effect of
clover (Trifolium subterraneum); equol and
EMATst and its main component (verbascoside) to
coumestrol were identified as being responsible for
obtain new insights into reproductive performance
this effect (Bennetts and Underwood, 1951). These
and to confirm its binding to the estrogen receptor.
phytoestrogens have also been suggested to be the
reason why cheetahs in captivity tend to be infertile,
MATERIALS AND METHODS
due to the consumption of food rich in soy (Setchell
General experimental procedures
1
et al., 1987). With respect to the early stages of
H NMR and 1 3 C NMR measurements were
development, rats and mice exposed before or at birth
performed in DMSO and CD 3 OD at 400 MHz
to coumestrol and genistein have been shown to
for 1 H and 100 MHz for 1 3 C with TMS as
develop anomalies in the reproductive apparatus,
internal standard. For HPLC-DAD analysis, the
such as changes in ovarian development, sub-fertility,
retention time, UV spectra and verbascoside content in
infertility and alterations in the estrous cycle (Delclos
EMAT were measured in a HPLC Waters 486
et al., 2001; Jefferson et al., 2002; Jefferson et al.,
equipment with a coupled UV-VIS diode array
2005; Jefferson et al., 2006).
detector using a Hibar Purospher Star RP-18 (250×4
Buddleja globosa Hope (Buddlejaceae) is a
mm, 5 μm) column (Merck, Germany) at room
native species (common name: matico) cultivated in
temperature. Verbascoside and caffeic acid standards
Chile, Peru and Argentina that is used in herbal
were purchased from Sigma (MO, USA). Thin layer
medicine.
chromatography (TLC) was performed on silica gel
In our laboratory, recent investigations with
GF254 (Merck 5554). Spots were detected under UV
sequential extracts of leaves have isolated a mixture of
light and after spraying with NP/PEG reagent.
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Plant Material
The leaves of Budlleja globosa were collected
in January, 2008 in the Antumapu Campus of the
Universidad de Chile, Santiago, Chile; a voucher
specimen is kept at the herbarium of the Faculty of
Chemical Sciences and Pharmacy (SQF: 22349),
Universidad de Chile. The plant was identified by Dr.
Carla Delporte.
Extraction and verbascoside isolation
Dry ground leaves of B. globosa were sequentially
extracted at room temperature with solvents of
increasing polarity, according to methodology
described by Backhouse et al. (2008b).
Air-dried and powdered leaves (1.94 kg) were
sequentially extracted at room temperature with nhexane (H), CH2Cl2 (DCM) and MeOH, yielding, after
removing the solvents under reduced pressure, 42.2 g
of HE (2.1%), 26.3 g of DCME (1.4%) and 163 g of
(8.4%) EMAT extracts, respectively.
EMAT (12.4 g) was subjected to CC on silica
gel, eluted with solvent mixtures of increasing polarity
from 100% CH2Cl2 to 100% EtOAc. Fractions eluted
with DCM:EtOAc (20:80) and EtOAc 100% yielded
verbascoside (72.4 mg), which in the TLC analysis
was a light blue spot (NP-PEG reagent); Rf 0.7
(EtOAc:CH3OH 8:2) was coincident with a standard
sample of verbascoside. The presence of verbascoside
was confirmed by a) 1H NMR and 13C NMR
measurements and b) comparison between the
retention time and UV spectrum (obtained between
200 and 400 nm) by HPLC-DAD with a verbascoside
standard.

Estrous cycle disruptor effect of Buddleja globosa leaves

Animals and experimental design
Sprague-Dawley rats were used from the Faculty of
Chemistry and Pharmaceutical Sciences animal
breeding facilities in the Universidad de Chile. The
experimental protocol was approved by the Bioethics
Committee of the Faculty of Chemistry and
Pharmaceutical
Sciences.
To
evaluate
the
pharmacological effect of EMATst on the estrous
cycle of rats, we used fourteen 3-months-old virgin
females, with an average weight of 280 g, which
were maintained under controlled light and
temperature. The animals were divided into three
groups: control and experimental groups I and II.
To experimental group I, we administered a dose of
EMATst that was the mole-equivalent to dose of
estradiol valerate (EV) (1x) that produces
important changes in estrous cycle (SotomayorZarate et al., 2008). To group II, a dosage 10 times
greater (10x) was administered. For the in vitro
pharmacological assay, rat uterus cytosol was
obtained from five female rats that were
ovariectomized ten days before being sacrificed
according to established procedures (National
Toxicology Program, 2002). The uterus of each female
was extracted and treated with a standard methodology
(National Toxicology Program, 2002). The cytosol
fractions obtained (11 mL) were stored in 1-mL
fractions at -70º C.
Experimental procedure
In vivo pharmacological analysis
EMATst was administered subcutaneously with a
hypodermic syringe on days 0, 2 and 7 of the
experimental procedure. All rats were killed after 14
days from the last dose. Group I received a dosage of
0.5 mg/300 g/50 µL ethanol (1x) of the extract; group
II received a dosage of 5.1 mg/300 g/50 µL ethanol
(10x). The estrous cycle was monitored daily
beginning 5 days before the EMATst administration
(day 0) using vaginal smear samples. Diestrus was
characterized by the presence of leukocytes under
microscopic observation and a thin non-vascularized
uterus, whereas proestrus (P) (day before ovulation)
was characterized by a high density of epithelial cells
under microscopic observation; this was associated
with a ballooned and highly vascularized uterus.
During estrus (E) (day after ovulation), microscopic
observation revealed a dense accumulation of
squamous cells and a uterus that had rapidly decreased
in size but maintained its vascularization. Estrual
cycling activity was observed over 14 days.

Determination of verbascoside content in EMAT by
HPLC-DAD
The solvent system used was formic acid
(0.1%):acetonitrile (70:30) at a flow rate of 0.5
mL/min and with UV detection at 365 nm. A simple
filtration was performed on the sample using a 0.22μm PTFE filter before HPLC-DAD analysis. The
injection volume was 20 L with a concentration of
EMAT of 1.58 mg/mL dissolved in methanol. This
quantitative analysis was performed in triplicate.
A calibration curve was constructed with
caffeic acid dissolved in methanol (115, 321, 462, 925
and 1850 ppm) as standard substance under the same
conditions mentioned as EMAT (y = 15966 x 416796, R2 = 0.9985 and F calculated 2.07 < F table
3.71). The verbascoside content was 0.61 mg ± 0.01;
its equivalent in caffeic acid was 1.58 mg EMAT
(38.6% w/w).
Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas/191

Parada et al.

Estrous cycle disruptor effect of Buddleja globosa leaves

Animals were killed by decapitation,
collecting trunk blood for serum, and the ovaries,
adrenal gland and celiac ganglion were removed and
immediately frozen at -80 ºC for later analysis. Each
uterus was extracted, observed and weighed.
In vitro pharmacological assay
We used a methodology to determine the competitive
binding to the ER in vitro using the cytosol fraction of
rat uterus and radiolabeled 17 β- estradiol (3H-E2)
(National Toxicology Program, 2002). We determined
the 50% inhibition of 3H-E2 binding to the ER (IC50)
and the binding percentage of each competitor.
Stock solutions of 17 β- estradiol, EMATst
and verbascoside were prepared by diluting the
substances in ethanol. A final volume of 500 µL was
prepared of each serial dilution using a maximum of
0.25 µL ethanol. The ER assay was performed in
round-bottomed 1.7-mL Eppendorf tubes prepared
in an ice bath with 50 µL uterine cytosol (50 - 100 µg
protein per assay) and 10 µL 3H-E2 to achieve a
concentration of 0.5 – 1.0 nM, plus non-radioactive
17β-estradiol or EMATst or verbascoside to compete
for the binding in a final volume of 500 µL. Tubes
were incubated at 4 ºC for 18-20 hours with rotation.
To separate bound from total, 3H-E2 tubes were mixed
with 250 µL of hydroxyapatite solution prepared
according to the National Toxicology Program (2002).
After washing 3H-E2 three times, the substances was
eluted with 100% ethanol and measured for
radioactivity.
Data analysis
The results were expressed as the average ± SEM, and
their significance was determined by analysis of
variance (ANOVA), followed by a multiple
comparison Turkey test using GraphPad Prism
Version 5.0. Statistically significant differences were
established using p  0.05. The same software was
also used to prepare the graphs. The IC50 was
estimated using the data of the E2 standard and of each
sample analyzed by graphing the percentage of bound
3
H-E2 vs the log molar concentration of the
competitor.

RESULTS
The evaluation of the pharmacological effect of
EMATst on the estrous cycle of rats
The weight of the animals (300 g) did not change
significantly in any of the three groups during the
course of the experiment. In the control group, the
observed characteristics of the uterus generally
coincided with the vaginal smears. In the two
experimental groups, however, there were differences
in the predicted stage between the gross morphology
of the uterus and the vaginal smear. In the group of
animals treated with the highest dose of EMATst, a
diestrus phase of the cycle was commonly observed in
the vaginal lavage observation, but this was contrasted
with a clear morphological aspect of proestrus in the
uterus of the animals.
Regarding estrous cycling activity (Figure 1),
the control group exhibited a normal 4-day estrous
cycle, in which P and E lasted one day each and in
which D lasted two days. Group I exhibited acyclic
estrous cycling activity characterized by alterations in
the sequence of the cycle. This difference was clearly
demonstrated when a 10x dose of EMATst was used
(Figure 1). For example, after administration of
EMATst 10x, many rats stopped cycling for the
duration of the experiment.
The number of days that each animal was in
the different stages of the estrous cycle is shown in
Figure 2. Cycles were altered in group I compared
with the control group because the percentage of E
was greater in group I, whereas P was less than in the
control group. A greater alteration was observed in
group II because the percentage of D increased
compared with the control group, whereas the
percentage of P decreased considerably (p < 0.001).
Figure 3 compares the frequency of ovulation,
measured as the number of times one P day was
followed by one E day, which on physiological
grounds is considered to be the number of ovulations.
Group 1 exhibited a slight decrease in ovulatory
capacity compared with the control group, whereas the
ovulatory capacity in group II decreased considerably
(p < 0.001)**, which suggests an anti-estrogenic
effect.

Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas/192

Parada et al.

Estrous cycle disruptor effect of Buddleja globosa leaves

Figure 1

The Eeffect of EMATst on the estrous cycle of Sprague Dawley rats treated with EMATst: groups I (0.5
mg/300 g/50 µL) and II (5.1 mg/300 g/50 µL) compared withto the control group with a normal sequence of
proestrus (P), estrus (E) and diestrus (D). A representative examplebehavior of an individual rat’s behavior
is shown, and the experimental groups are compared withto the control group. The Xx- axis indicates the
day of the assay; the y- axis indicates the estrous cycle of each rat. R indicates the number of rats. The
behavior is acyclic in group I, whereasile group II exhibitsshows greater activity. Both experimental groups
are compared withto the control group.

Figure 2

The Ccomparison of the percentage ofs between days spent in the different stages of the estrous cycle inof
rats treated with EMATst. Group I (0.5 mg/300 g/50 µL) and group II (5.1 mg/300 g/50 µL) are compared
withto the control group. The bars represent the average percentage for each cycle stage. The Rresults
correspond to 5 animals in each group and are expressed as the mean ± SEM. *= p < 0.0 5, vs. control. ** =
p < 0.001 vs. control.
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Figure 3

the 3H-E2 displacements was produced. Interestingly,
at higher concentrations, the phenomenon was
reversed.
The values of percent binding in Figure 4 were
used to estimate the IC50 value of displacement for
each competitor in each of the experiments performed.
The graph of the values of IC50 for each competitor
with respect to the concentration indicates a significant
increase in the IC50 value both for verbascoside and
EMATst compared with cold estradiol. Therefore,
there was displacement of radiolabeled estradiol and
thus binding of EMATst and verbascoside to the
estrogen receptor, but this activity was in
concentrations much greater than that for 17β
estradiol.

DISCUSSION
We found evidence that the exposure of adult rats to
an EMATst of B. globosa leaves disrupts estrous
cycling activity, most likely in a dose-dependent
manner and through its binding to the estrogen
receptor. Although the lower dose of the EMATst used
The percentage of ovulations of rats treated with
was equimolar to that of 17β-estradiol (with a
EMATst: groups I (5.1 mg/300 g/50 µL) and II (5.1
concentration of verbascoside of 10-6 M), it was not
mg/300 g/50 µL) are, compared withto the control
able to compete with 17β estradiol in our binding
group. To calculate theis percentage of ovulation,
study but was able to slightly modify the estrous
the number of times that a proestrus day was
cycling activity of the rats after chronic exposure for
followed by an estrus day was considered. The bars
14 days. Low-dose extract exposure produced an
represent the average percentage. The R results
increase in the number of estrus cycles observed in the
correspond to 5 animals in each group and are
rats, suggesting that, at this dose, the extract could acts
expressed as the mean ± SEM
as an endogenous estrogen to accelerate the transition
** = p < 0.001 vs control.
between proestrus and estrus. This effect was clearly
observed at the level of vaginal cytology, as the
In vitro pharmacological assay
histological appearance changed from epithelial to
-11
Concentration of 17β-estradiol between 10
and
cornified cells. The fact that a 10-fold increase in the
-7
3
10 M competed with H-E2 bound to the receptor
dose of EMATst (with a concentration in verbascoside
fraction in a dose-dependent manner, but the same
of 10-5 M) produced a clear change in estrous cycling
doses of EMATst did not.. Higher concentrations of
activity and in the ovulatory performance gives further
verbascoside and EMATst (10 -3 to 10-4 M) in a range
support to the possibility of a direct effect of the
1000 times greater were able to compete with 17βextract as a plant-derived estrogen. Significant
estradiol. After calculating the percentage of binding
evidence suggests that high doses of estradiol
to the receptor, expressed in pmol bound estradiol/mg
produced anovulation in rats and that chronic exposure
protein (which represents the quantity of E2 bound to
acts at the ovary level as well as in the reproductive
the receptor that has not been displaced by the
hypothalamus to block GnRH-induced gonadotropin
competitor), we found that both compounds exhibited
surge (Barría et al., 1993; Weiland et al., 1997;
a displacement of 3H-E2 (Figure 4). For verbascoside
Herbison, 1998; Schuiling et al., 1999; Tsai and
and EMATst, the phenomenon was produced at
Legan, 2002; Petersen et al., 2003; Kasturi et al.,
concentrations 1000 times greater than those used for
2009). If this is the case, we can understand why
cold 17β-estradiol. There was also a maximum
chronic treatment with a 10x dose of the EMATst not
concentration of verbascoside and EMATst at which
only affected the estrous cycling activity by increasing
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the length of time in which rats stayed in diestrus,
thereby blocking the preovulatory surge of
gonadotropins, but also why this effect was sufficient
to block the ovulatory performance of the rat.
Estradiol could act locally at the ovary and also
centrally at the hypothalamus. We could likely observe
both effects by chronic exposure to EMATst. The
consequences of the disruption of ovulation by chronic
exposure to an estrogen-disrupting chemical seems

similar to the one we have previously observed after
two months of exposure to a single estradiol dose in
adults rats. The rats developed an acyclic condition, an
increased sympathetic nerve activity and polycystic
ovary morphology (Sotomayor-Zarate et al., 2008).
Likely, we would have observed a similar effect with
EMATst, a possibility currently under study. The
results obtained with the two doses suggest a dosedependent estrogenic effect.

Figure 4

Competition analysis for the E2 cytosolic receptor: The displacement of 3H-E2 by 17β-estradiol,
verbascoside and EMATst is presentedshown on the left. The values of IC50 are shown on the right. The
Rresults correspond to 6 animals in each group and are expressed as the mean ± SEM. *** = p < 0.05 vs.
control.
The possibility of an estrogenic effect from EMATst
was strongly supported with the binding experiments.
Rat uterus cytosol has been amply used to study
binding to estradiol receptors (Baker et al., 1999; Blair
et al., 2000; Fang et al., 2001). Rat uterus expresses
principally the alpha subtype of the estrogen receptor,
and this receptor is up-regulated by estradiol (Wang et
al., 1999). The fact that EMATst competed for ER
suggests that it acts through the alpha-estradiol
receptor. This is a very interesting possibility because
it could explain why the lower dose of EMATst
increased the number of days in which cornified cells
appeared in the vaginal lavages, indicating the local
effect of EMATst in the vagina through alpha
receptors, the predominant receptor in this tissue
(Wang et al., 2000). The increased dose exhibited a
more pronounced effect in the cycling activity and at
the reproductive hypothalamus, as was clearly
observed in the present study. Notably, the pivotal

behavior of the highest dose of EMATst and
verbascoside in the binding to the cytosolic fraction of
rat uterus was important. The fact that higher doses not
only failed to displace the estradiol but also increased
the binding to the receptor suggests the up-regulation
of the alpha estrogen receptors, as has been previously
found in ovariectomized rats (which have low levels of
estradiol) treated with estradiol (Nephew et al., 2000;
Wanda et al., 2007).
As we previously demonstrated, EMATs
exhibit anti-inflammatory and analgesic effects
(Backhouse et al., 2008a; Backhouse et al., 2008b).
These data are well correlated with the results obtained
in this work and those obtained by Zamorano et al.
(1994), who demonstrated that vascular reactivity and
vascular prostanoids synthesis are influenced by the
hormonal changes occurring during the estrous cycle
of normal female rats and could thus be involved in
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the effect on estrous cycling activity found in the
present work.
One study correlated the availability of
verbascoside in plasma after oral administration to
laboratory rats (Funes et al., 2009). This study
concluded that verbascoside is absorbed rapidly
through the gastrointestinal tract, reaching a maximum
concentration in the first 20 minutes. Although the
availability of verbascoside by oral administration is
quite low, it is probable that other metabolites present
in the extract, such as flavones and other metabolites
derived from the intestinal biodegradation of
verbascoside, caffeic acid and other undetermined
compounds may contribute to the in vivo biological
activity.
The
concentration
of
bioavailable
verbascoside is in the micromolar range, which allows
us to suggest that the dosage administered to
laboratory rats subcutaneously in the study of the
alteration of the estrous cycle is equivalent to the
concentrations used in the binding assay.
CONCLUSIONS
The result of the pharmacological assay on the estrous
cycle of the laboratory rats may be attributed to an
antiestrogenic effect of ematst at the highest dose
evaluated.
The results of the binding assay to the
estrogenic receptor of ematst and verbascoside
strongly suggests that both compounds bind to the
estrogenic receptor in concentrations 1000 greater than
that of 17β-estradiol.
ACKNOWLEDGEMENTS
Financial support: FONDECYT 1130049 (HEL) and
FONDECYT 1130155 (CDV).
REFERENCES
Backhouse N, Delporte C, Apablaza C, Farías M,
Goïty L, Arrau S, Negrete R, Castro C,
Miranda H. 2008a. Antinociceptive activity of
Buddleja globosa (matico) in several models
of pain. J Ethnopharmacol 119: 160 - 165.
Backhouse N, Rosales L, Apablaza C, Goïty L, Erazo
S, Negrete R, Theodoluz C, Rodríguez J,
Delporte C. 2008b. Analgesic, antiinflammatory and antioxidant properties of Buddleja
globosa, Buddlejaceae. J Ethnopharmacol
116: 263 - 269.
Baker VA, Hepburn PA, Kennedy SJ, Jones PA, Lea
LJ, Sumpter JP, Ashby J. 1999. Safety
evaluation of phytosterol esters. Part 1.

Assessment of oestrogenicity using a
combination of in vivo and in vitro assays.
Food Chem Toxicol 37: 13 - 22.
Barria A, Leyton V, Ojeda SR, Lara HE. 1993.
Ovarian steroidal response to gonadotropins
and beta-adrenergic stimulation is enhanced in
polycystic ovary syndrome: role of
sympathetic innervation. Endocrinology
133: 2696 - 2703.
Bennetts HW, Underwood EJ. 1951. The oestrogenic
effects of subterranean clover Trifolium
subterraneum; uterine maintenance in the
ovariectomized ewe grazing on clover. Aust J
Exp Biol Med Sci 29: 249 - 253.
Berger PJ, Sanders EH, Gardner PD, Negus NC. 1977.
Phenolic plant compounds functioning as
reproductive inhibitors in Microtus montanus.
Science 195: 575 - 577.
Blair RM, Fang H, Branham WS, Hass BS, Dial SL,
Moland CL, Tong W, Shi L, Perkins R,
Sheehan DM. 2000. The estrogen receptor
relative binding affinities of 188 natural and
xenochemicals: structural diversity of ligands.
Toxicol Sci 54: 138 - 153.
Delclos KB, Bucci TJ, Lomax LG, Latendresse JR,
Warbritton A, Weis CC, Newbold RR. 2001.
Effects of dietary genistein exposure during
development on male and female CD
(Sprague-Dawley) rats. Reprod Toxicol
15: 647 - 663.
Fang H, Tong W, Shi LM, Blair R, Perkins R,
Branham W, Hass BS, Xie Q, Dial SL,
Moland CL, Sheehan DM. 2001. Structureactivity relationship for a large diverse set of
natural,
synthetic,
and
environmental
estrogens. Chem Res Toxicol 14: 280 - 294.
Funes L, Fernández-Arrollo S, Laporta O, Pons A,
Roche E, Segura-Carretero A, FernándezGutiérrez A, Micol V. 2009. Correlation
between plasma antioxidant capacity and
verbascoside levels in rats after oral
administration of Lemon verbena extract.
Food Chem 117: 589 - 598.
Heckmann LR, Sibly RM, Connon R, Hooper HL,
Hutchinson TH, Maund SJ, Hill CJ, Bouetard
A, Callaghan A. 2008. Systems biology meets
stress ecology: linking molecular and
organismal stress responses in Daphnia
magna. Genome Biol 9: 1 - 14.

Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas/196

Parada et al.

Estrous cycle disruptor effect of Buddleja globosa leaves

Herbison AE, 1998. Multimodal influence of estrogen
upon
gonadotropin-releasing
hormone
neurons. Endocrinol Rev 19: 302 - 330.
Jefferson WN, Couse JF, Padilla-Banks E, Korach KS,
Newbold RR. 2002. Neonatal exposure to
genistein induces estrogen receptor (ER) alpha
expression and multioocyte follicles in the
maturing mouse ovary: Evidence for ERbetamediated and nonestrogenic actions. Biol
Reprod 67: 1285 - 1296.
Jefferson WN, Padilla-Banks E, Newbold RR. 2005.
Adverse effects on female development and
reproduction in CD-1 mice following neonatal
exposure to the phytoestrogen genistein at
environmentally relevant doses. Biol Reprod
73: 798 - 806.
Jefferson WN, Newbold RR, Padilla-Banks E, Pepling
M. 2006. Neonatal genistein treatment alters
ovarian differentiation in the mouse: inhibition
of oocyte nest breakdown and increased
oocyte survival. Biol Reprod 74: 161 - 168.
Kasturi BS, MohanKumar SM, Sirivelu MP,
MohanKumar PS. 2009. Chronic exposure to
low levels of oestradiol-17 beta affects
oestrous
cyclicity,
hypothalamic
norepinephrine and serum luteinising hormone
in young intact rats. J Neuroendocrinol
21: 568 - 577.
Leopold AS, Erwin M, Oh J, Browning B. 1976.
Phytoestrogens:
adverse
effects
on
reproduction in California quail. Science
191: 98 - 100.
National Toxicology Program (NTP). 2002.
Background Review Document. Current
status of test methods for detecting endocrine
disruptors: In vitro estrogen receptors: binding
assay. Interagency center for the evaluation of
alternative
toxicological
methods
(NICETAM), Bethesda, Maryland, USA.
Nephew KP, Long X, Osborne E, Burke KA,
Ahluwalia A, Bigsby RM. 2000. Effect of
estradiol on estrogen receptor expression in rat
uterine cell types. Biol Reprod 62: 168 177.
Olea N, Fernandez MF, Araque P, Olea-Serra F. 2002.
Perspectivas en disrupción endocrina. Gac
Sanit 16: 250 - 256.
Papoutsi Z, Kassi E, Mitakou S, Aliagannis N,
Tsiapara A, Chrousos GP, Moutsatsou P.
2006. Acteoside and martynoside exhibit

estrogenic/antiestrogenic properties. J Steroid
Biochem Mol Biol 98: 63 - 71.
Petersen SL, Ottem EN, Carpenter CD. 2003. Direct
and indirect regulation of gonadotropinreleasing hormone neurons by estradiol. Biol
Reprod 69: 1771 - 1778.
Schuiling GA, Valkhof N, Koiter TR. 1999. FSH
inhibits the augmentation by oestradiol of the
pituitary responsiveness to GnRH in the
female rat. Hum Reprod 14: 21 - 26.
Setchell KD, Gosselin SJ, Welsh MB, Johnston JO,
Balistreri WF, Kramer LW, Dresser BL, Tarr
MJ. 1987. Dietary estrogen a probable cause
of infertility and liver disease in captive
cheetahs. Gastroenterology 93: 225 - 233.
Sotomayor-Zárate R, Dorfman M, Paredes A, Lara
HE. 2008. Neonatal exposure to estradiol
valerate programs ovarian sympathetic
innervation and follicular development in the
adult rat. Biol Reprod 78: 673 - 680.
Tsai HW, Legan SJ. 2002. Loss of luteinizing
hormone surges induced by chronic estradiol
is associated with decreased activation of
gonadotropin-releasing hormone neurons. Biol
Reprod 66(4): 1104-1110.
Wanda GJ, Starcke S, Zierau O, Njamen D, Richter T,
Vollmer G. 2007. Estrogenic activity of
griffonianone C, an isoflavone from the root
bark of Milletia griffoniana: regulation of the
expression of estrogen responsive genes in
uterus and liver of ovariectomized rats. Planta
Medica 73: 512 - 518.
Wang H, Masironi B, Eriksson H, Sahlin L. 1999. A
comparative study of estrogen receptors alpha
and beta in the rat uterus. Biol Reprod 61:
955 - 964.
Wang H, Eriksson H, Sahlin L. 2000. Estrogen
receptors alpha and beta in the female
reproductive tract of the rat during the estrous
cycle. Biol Reprod 63: 1331 - 1340.
Weiland NG, Orikasa C, Hayashi S, McEwen BS.
1997. Distribution and hormone regulation of
estrogen receptor immunoreactive cells in the
hippocampus of male and female rats. J
Comp Neurol 388: 603 - 612.
Zamorano B, Bruzzone ME, Martinez JL. 1994.
Influence of the estrous cycle on the
norepinephrine-induced contraction of rat
aorta: relationship to vascular prostanoids
biosynthesis. Biol Res 27: 209 - 215.

Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas/197

