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The molecular mechanism used by environmental chemicals to
exert their hormone-like actions is still only partially resolved.
Although it generally is accepted that xenoestrogens act at the
genomic level by binding to intracellular estrogen receptors, we
have shown here that they trigger nongenomic effects in pancre-
atic b cells. Both xenoestrogens and the circulating hormone,
17b-estradiol, bind with high affinity to a common membrane
binding site unrelated to the intracellular estrogen receptors ERa
and ERb. This binding site is shared by dopamine, epinephrine, and
norepinephrine and has the pharmacological profile of the g-
adrenergic receptor. This study provides an outline of the mem-
brane receptor involved in rapid xenoestrogen actions.
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Xenoestrogens are compounds that present estrogenic effects
but whose chemical structure does not necessarily resemble

that of steroid hormones. They are found in fresh water and are
likely responsible for the feminization of male fish in several
rivers of the United Kingdom and the decreased reproduction
success of alligators and turtles in Lake Apopka in Florida (1, 2).
These manmade chemicals enter the body by ingestion or
adsorption and mimic the genomic actions of estrogens (3) via
intracellular estrogen receptors (4–6).

Less attention has been paid to nongenomic actions of xe-
noestrogens. Several studies have described that xenoestrogens
mimic 17b-estradiol when they act on Ca21 and K1 channels in
smooth muscle cells (7) as well as when they trigger prolactin
release from rat pituitary tumor cells (8). Yet, a direct link
between an estrogen membrane binding site (9) and xenoestro-
gen actions is still a matter of debate. Moreover, despite the great
number of studies about nongenomic actions of estrogens, a clear
outline of the membrane receptor involved is still elusive.

We have chosen three widely used xenoestrogens for our
study: bisphenol-A (BPA), which is found in the content of
canned food, dental sealants, and composites; diethylstilbestrol
(DES), a synthetic estrogen used between the 1940s and the
1970s to prevent miscarriages; and the well-known pesticide
1,1,1-trichloro-2-[o-chlorophenyl]-2-[p-chlorophenyl]ethane
(o.p9-DDT) (3, 10–12). We have focused our research on the
effect of these agents on the signaling system of pancreatic b
cells, which are fundamental for the endocrine pancreas func-
tion. b cells, which are situated within the islet of Langerhans,
are responsible for insulin secretion after an increase of blood
glucose. A dysfunction of this particular type of cells causes the
widespread pathology diabetes mellitus. An estrogen binding site
at the plasma membrane of pancreatic b cells has been described
(13). Once 17b-estradiol binds to this site, cGMP increases,
activating protein kinase G, which phosphorylates ATP-
dependent potassium channels (KATP), depolarizing the plasma
membrane, and enhancing intracellular Ca21 concentration
([Ca21]i) signals. As a consequence, insulin secretion is increased
(13, 14).

Here, we show that acute nongenomic actions induced by
17b-estradiol and xenoestrogens in pancreatic b cells occur after
these substances are bound at a common membrane binding site.
This is unrelated to the cytosolicynuclear estrogen receptors
ERa and ERb and has the pharmacological profile of the
so-called ‘‘g-adrenergic receptor.’’

Methods
Measuring Intracellular Calcium in b Cells Within Intact Islets of
Langerhans. Swiss albino OF1 male mice were killed by cervical
dislocation. Pancreatic islets of Langerhans were isolated from
mice by using collagenase as described (15). After isolation islets
were loaded by incubation in 5 mM Fluo-3 AM (Molecular
Probes) for at least 1 h at room temperature before imaging
intracellular calcium. Calcium records in individual cells were
obtained by imaging intracellular calcium under a Zeiss LSM 510
confocal microscope with a Zeiss 340 oil immersion lens,
numerical aperture 1.3. Images were collected at 2-s intervals,
and fluorescence signals from individual cells were measured as
a function of time by using the Zeiss LSM 510 software package.
Experiments were performed at 34°C. Results were plotted by
using commercially available software (SIGMAPLOT, Jandel Sci-
entific, San Rafael, CA) as the change in fluorescence intensity
(DF) expressed as a percentage of the basal f luorescence inten-
sity (F0) observed in the absence of stimulus. b cells within the
islets were identified by their [Ca21]i pattern in 3 mM and 8 mM
glucose (16, 17).

Assay for Estradiol-Peroxidase Binding. Islets were dispersed into
single cells and cultured as described (18). Cells cultured on
polylysine-coated coverslips for 24 h were fixed in 4% (wtyvol)
paraformaldehyde for 30 s and exposed overnight to 4.5 mgyml
estradiol-peroxidase (Sigma) at 4°C. Cells then were washed, and
estradiol-peroxidase conjugate [E-horseradish peroxidase
(HRP)] binding was developed by using 0.5 mgyml 3,39-
diaminobenzidine (DAB) tetrahydrochloride in the presence of
0.3 mgyml urea hydrogen peroxide in 0.05 M Tris buffer and 0.15
M NaCl for 30 min (Sigma FAST DAB tablet set). In experi-
ments performed for Fig. 5, 0.2 mgyml Cl2Co was added (Sigma
FAST DAB tetrahydrochloride with metal enhancer tablet set)
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to produce the complex Co-DAB, which gives a higher contrast
compared with DAB polymers generated in the absence of metal
additives. To test that the plasma membrane was not perme-
abilized, cells were incubated with 2.5 mgyml dextran-
conjugated tetramethylrhodamine (40,000 Da) and immediately
visualized by using a Zeiss LSM 510 confocal microscope as
described (13).

Because 65–80% of the islet cells are b cells, 15% are a cells,
which can be easily identified by their particular morphology
(17), we conclude that between 80% and 95% of the cells we used
should be b cells. Nonetheless, we may overestimate the number
of b cells by 5–20%.

Binding Studies Using E-HRP. DAB-based primary reaction prod-
ucts of peroxidase are yellow-brown (DAB) or dark blue (Co-
DAB complex); these compounds are highly absorptive for laser
light at 488 nm. The absorbed light was used as an indication of
the amount of E-HRP bound to the membrane, therefore it is
possible to numerically assess binding of E-HRP by analyzing the
light absorbed by the polymer formed by DAB or Co-DAB.
Nonetheless, quantifying the amount of precipitate simply by
measuring the light absorbed may be an unreliable procedure if
differences of absorbed light are small. This method is of interest
for comparative purposes, and it works extremely well for
conditions in which the difference in the amount of precipitate
is large. For that reason detailed concentration-response profiles
have been omitted. Absorbed light was measured by taking
transmission photographs with a Zeiss LSM 510 laser scanning
confocal microscope, and the intensity of light along a line
through the cell was quantified (see Fig. 2) by using the Zeiss LSM
510 software. Background light and microscope settings were
constant throughout different experiments. To obtain an appro-
priate staining background, HRP was not conjugated to estra-
diol. When incubation and developmental procedure with HRP
were performed in identical condition of experiments, a back-
ground absorbed light of 29 6 7% (n 5 150 cells from three
different coverslips) was obtained (see Fig. 2D). This back-
ground light has not been subtracted.

Immunocytochemistry. Anti-ERa mAbs H222 and H226 and the
affinity-purified peptide antibody ER21 were a kind gift of
Geoffrey Greene, University of Chicago (19–22). Anti-ERa
rabbit polyclonal antibodies G-20 and MC-20 and anti-ERb goat
polyclonal antibodies L-20 and Y-19 were from Santa Cruz
Biotechnology. Cells cultured on polylysine-coated coverslips for
24 h were fixed in 4% (wtyvol) paraformaldehyde for 30 s and
then incubated 30 min with 1% albumin supplemented with 2%
fetal goat serum or normal donkey serum. After rinsing with
PBS, cells were incubated with the corresponding antibodies
(1:100 dilution) for 2 h at room temperature. After washing,
FITC-conjugated secondary antibodies anti-mouseyanti-
rabbityanti-goat (1:100 dilution) were applied for 1 h at room
temperature to visualize staining. To visualize intracellular
labeling, cells were permeabilized after fixation with 1% Triton
X-100 for 2 min; the rest of the protocol was followed as above.
Confocal scanning laser microscopy was performed with a Zeiss
LSM 510 microscope. The specificity of the labeling techniques
was proven by the absence of labeling when either the first or the
second antibodies were omitted.

Impeded Ligand Binding Assay. Once cells were fixed as described
above, they were incubated with antibodies G20, H222, Y19, and
L20 for 2 h at 4°C. After that, an E-HRP binding assay was
performed.

Results
Responses of b Cell [Ca21]i to Xenoestrogens. To investigate the role
of xenoestrogens in pancreatic b cells, [Ca21]i recordings were

obtained from b cells within intact islets of Langerhans from
male mice, using laser scanning confocal microscopy. When 1
nM of BPA and DES was applied in the presence of 8 mM
glucose, an increase in the frequency of glucose-induced [Ca21]i
oscillations was observed (Fig. 1A). Both BPA and DES mim-
icked the effect of 17b-estradiol on [Ca21]i signaling within a
similar concentration range (Fig. 1B). In contrast, the effect of
o.p9-DDT was milder, and alterations of the [Ca21]i signals were
not triggered until 100 nM o.p9-DDT was applied (Fig. 1B).
These xenoestrogens, as well as 17b-estradiol (13), were without
effect in the absence of glucose. These acute effects should be
nongenomic because they were triggered in less than 3 min and
were reproduced by the membrane-impermeable E-HRP (Fig. 1
A and C). The latter will be used as a probe to study the
properties of the estradiol binding site (see below). The poten-
tiation of [Ca21]i signals by xenoestrogens is expected to produce
an enhanced insulin secretion as demonstrated previously for
17b-estradiol (13).

A Common Membrane Binding Site for Xenoestrogens and 17b-
Estradiol. The mimicry found between BPA and DES with
17b-estradiol led us to examine whether xenoestrogens act by
interacting with the same membrane binding site as the endog-

Fig. 1. Xenoestrogens mimic 17b-estradiol in modulating [Ca21]i. (A) Change
in fluorescence intensity of Fluo-3 in single pancreatic b cells within intact islets
of Langerhans. Islets were perfused with 8 mM glucose, and 1 nM BPA (Sigma),
DES (Sigma), o.p9-DDT (Chem Service, Chester, Pa), and E-HRP (Sigma) were
applied during the bar. The effects were not reversible after 20 min. Records
are representative of at least five different experiments. (B) Change in the
frequency of [Ca21]i oscillations as a function of the concentration of 17b-
estradiol (17b-ES), BPA, DES, and o.p9-DDT. Each point is the mean of at least
five different experiments. The analysis of the frequency was done during 2-
to 4-min periods, always taken when a steady state was reached, usually 4–8
min after stimuli application. Error bars shown are mean 6 SEM. (C) Change
in the frequency of [Ca21]i oscillations as a function of the concentration of
17b-estradiol and E-HPR. Each point is the mean of at least three different
experiments. The analysis of the frequency was done as described above.
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enous hormone. We have used a binding assay method based on
binding of estradiol conjugated with HRP (E-HRP) as a specific
probe to detect estradiol binding sites (13). The DAB-based
primary reaction product of peroxidase (DAB or Co-DAB
complex) was used as an indication of the amount of E-HRP
bound to the estrogen binding site at the membrane of isolated
nonpermeabilized cells. This primary reaction product is highly
absorptive for laser light at 488 nm and can be easily visualized
with high contrast by using transmission laser scanning micros-
copy (23). Fig. 2A shows two cells stained with E-HRP and
developed by using DAB. The binding of E-HRP was blocked by
competition with a 300-fold excess of 17b-estradiol as shown in
Fig. 2B. A comparative numerical assessment of absorption
intensities in single cells can be made by measuring the absorbed
light in each desired condition (Fig. 2C). The quantity of E-HRP
bound is expressed as the percentage of absorbed light with

respect to the control condition. The lower the percentage of
absorbed light the higher the competition for an E-HRP binding
site. Fig. 2D shows how E-HRP binding was blocked by com-
petition with 17b-estradiol in a dose-dependent manner. By
using the described methodology, we were able to demonstrate
that BPA, DES, and 17b-estradiol all compete for the same
E-HRP binding site (Fig. 3). The pesticide o.p9-DDT, which was
weaker in inducing [Ca21]i signals, presented low competition.
However, we should note that 100 nM o.p9-DDT modified the
frequency of [Ca21]i. This finding may indicate the presence of
an alternative pathway used for other xenoestrogens with a
different chemical structure than BPA and DES. Estriol, which
did not present estrogenic activity on the [Ca21]i signal (13), was
used as a negative control with no effect on E-HRP binding
(Fig. 3).

The Membrane Estrogen Receptor Is Unrelated to ERa and ERb. The
results presented up to now highly suggest that a common
signal-generating receptor exists for 17b-estradiol and xe-
noestrogens on the cell surface of pancreatic b cells. Several
reports have described the existence of proteins in the plasma
membrane that cross-react with antibodies raised against cyto-
solic classical estrogen receptor (24, 25). These estrogen binding
membrane proteins are functional in producing prolactin release
from pituitary tumor cells (26).

We have studied the possible structural similarity between the
membrane estrogen binding site found in b cells and the
intracellular estrogen receptors ERa and ERb. Immunocyto-
chemistry was performed, using five different antibodies raised
against ERa and two anti-ERb antibodies (Fig. 4E). It has been
previously described that all of the used anti-ERa antibodies
stain the plasma membrane of GH3yB6 rat pituitary tumor cell
line and compete for an estradiol binding site (8, 24). Fig. 4A
shows the staining of the cytoplasm with the H222 antibody,
raised against the ligand binding domain of ERa, yet the plasma
membrane was completely unstained (Fig. 4B). The same result
was obtained with all of the anti-ERa antibodies described in
Fig. 4E. To complete our study, we used two antibodies raised
against the N terminus and the C terminus of ERb. Neither one
stained the membrane, yet both labeled the cytoplasm (Fig. 4 C
and D). When the impeded ligand binding assay, using the
antibodies G20 and H222 for ERa and Y19 and L20 for ERb,
was performed, none of them competed with E-HRP (Fig. 4F).

We conclude that the membrane estrogen receptor presents a
different structure to that of ERa and ERb.

The Plasma Membrane Estrogen Receptor Is a Catecholaminergic
Receptor. There is evidence that indicates that 17b-estradiol and
the catecholestrogen 2-hydroxyestradiol may act by binding at
the catecholamine receptors. For instance, competition of these
two estrogens for dopamine and norepinephrine (NE) receptor

Fig. 2. E-HRP binding assay. (A) Binding of E-HRP (100 nM) to nonperme-
abilized pancreatic islet cells in primary culture visualized by transmission
(LSM) laser scanning. (B) Binding of E-HRP is blocked by using 300-fold excess
17b-estradiol. (C) Change in the intensity of light versus length along yellow
lines in A. Intensity was measured on an arbitrary gray scale from 0 (blackest)
to 255 (whitest). The black line corresponds to the control (cell in A) and the
red line to the estradiol-blocked cell (cell in B). The horizontal black lines are
the mean of the light intensity values within the cell, which are used as a
measurement of the absorbed intensity of light in each condition. (D) Com-
petition of E-HRP binding by increasing concentrations of 17b-estradiol. The
quantity of E-HRP bound is expressed as the percentage of absorbed light with
respect to the control condition. The lower the percentage of absorbed light
the higher the competition for an E-HRP binding site. The control contained
the same concentration of DMSO used for experiments. The results are ex-
pressed as the mean 6 SEM of at least three different experiments with
duplicate or triplicate samples. Bkg is the background absorbed light obtained
by using HPR instead of E-HPR (see Methods). At least 50–100 single cells were
counted per coverslip.

Fig. 3. Competition of E-HRP binding by estriol, 17b-estradiol, DES, BPA, and
o.p9-DDT, all used at 30 mM. The results are expressed as the mean 6 SEM of
at least four different experiments with duplicate or triplicate samples.
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binding has been described in membranes prepared from the
cerebral cortex of the rat (27). It has been suggested that the
a2-adrenergic receptor mediates the effect of 2-hydroxyestradiol
on insulin secretion (28).

To study the possible implication of a catecholamine receptor
in the actions described in this paper, we performed a compe-
tition of 2-hidroxyestradiol, dopamine, NE, and epinephrine for
E-HRP binding. Remarkably, the binding of E-HRP was blocked
equally as well by the three catecholamines as by the catecho-
lestrogen 2-hidroxyestradiol (Fig. 5A).

To establish the pharmacological profile of the membrane
estrogen binding site described here and to compare it with that
of adrenergic and dopaminergic receptors, the experiment in
Fig. 5B was performed. The binding of E-HPR was unaffected
by prazosin at concentrations higher than the one required to

completely occupy a1-adrenergic receptors (29). Similar results
were obtained with the a2-adrenergic receptor ligands, yohim-
bine and clonidine, with propranolol, a b-adrenergic receptor
ligand, and with the D2 dopamine receptor antagonist quinpirole
(Fig. 5B). Binding of E-HRP seems to be specifically blocked by
compounds with catechol rings and those with the A ring of
17b-estradiol. Other lipophilic substances containing neither
catechol nor A rings, such as sigma and imidazoline binding site
ligands, had no effect (Fig. 5C).

The functional interaction between 17b-estradiol and cat-
echolamines was studied by measuring the effect of 17b-estradiol
on NE and dopamine-induced changes in [Ca21]i. The applica-
tion of 100 nM NE led to a modification of the [Ca21]i pattern,
mainly because of the activation of the a2-adrenergic receptor
(30). When 17b-estradiol was applied in the presence of NE, it

Fig. 4. (A) Anti-ERa antibody H222 stains the cytoplasm of permeabilized b cells in primary culture. (B) Absence of staining at the plasma membrane of
nonpermeabilized b cells with anti-ERa antibody H222. These cells were from the same culture as the cells in A. (C) Anti-ERb antibody Y19 stains the cytoplasm
of permeabilized b cells in primary culture. (D) Lack of staining of Y19 antibody at the membrane of nonpermeabilized cells. These cells were from the same
culture as those in C. Fluorescence pictures are on the right and their corresponding transmission pictures are on the left. Results are representative of three
different duplicated experiments. (E) Epitopes of the intracellular ERa (upper map of the peptide) and ERb (lower map of the peptide) by available anti-ERa and
anti-ERb antibodies. Epitopes are located by the antibodies named above. (F) Impeded binding ligand assay. E-HRP binding was not blocked either by anti-ERa

antibodies H222 and G20 or by anti-ERb antibodies Y19 and L20. Data are from three duplicated experiments, expressed as mean 6 SEM, *, P , 10-5 Student’s
t test. (Scale bars are 10 mm.)
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had no effect on the oscillatory pattern (Fig. 5D). When NE was
applied in the presence of a high concentration of 17b-estradiol,
which should saturate all estradiol binding sites, the NE response
was unchanged (Fig. 5E).

Essentially the same results were obtained when dopamine
was used instead of NE. Accordingly, NE and dopamine appear
to antagonize the nongenomic action of 17b-estradiol on the
[Ca21]i signal, likely by binding at the same receptor. The fact
that high concentrations of 17b-estradiol (100 nM and 10 mM)
had no effect on the NE response indicates that this receptor
should be different from the classic a and b adrenergic receptor.

Discussion
This report demonstrates that the circulating hormone 17b-
estradiol and the xenoestrogens BPA and DES enhance the
frequency of [Ca21]i oscillations in pancreatic b cells within
intact islets of Langerhans. The effect of these agents, although
modest, is well within the range of other insulin secretion
modulators such as vasoactive intestinal polipeptide (31), gastrin
releasing peptide (32), and glucagon-like peptide-1 (33). Be-
cause insulin secretion mirrors the [Ca21]i pattern (34, 35) a rise
of insulin secretion would be expected, as previously described
for 17b-estradiol (13). This nongenomic effect is triggered by
remarkably low concentrations of BPA and DES, within the
nanomolar range. The strong action of BPA is remarkable,
because it has been shown to behave as a weaker estrogen, about
1,000- to 2,000-fold less potent than 17b-estradiol when inter-
acting with the nuclear estrogen receptor (36, 37). This finding
indicates an action via a receptor different to the nuclear
estrogen receptor.

It has been suggested that estrogen receptors at the plasma
membrane may be involved in the rapid nongenomic effects of
estrogens in several types of cells (38, 39), including pancreatic
b cells (13, 14) although their characterization remains unre-
solved. Several presumptions about the molecular structure of
the estrogen receptor involved in acute actions of estrogens
and xenoestrogens have been suggested. Evidence has been
published showing that the membrane estrogen receptor has a
similar structure to ERa (24, 25, 40). This receptor would be
implicated in triggering nongenomic actions of xenoestrogens
(8). In contrast, evidence against that hypothesis also has been
reported (28, 41–43). We have demonstrated here the exis-
tence of a membrane estrogen receptor involved in the non-
genomic actions of estrogens and xenoestrogens, unrelated to
both ERa and ERb.

The latter is also the case with a recently characterized
putative progesterone membrane binding protein, which shows
no significant identity to the classic intracellular receptor (44,
45). Likewise, testosterone acts via a plasma receptor, which
differs from the intracellular androgen receptor (46). These data
may indicate the existence of a membrane steroid receptor
superfamily, which is different from that of intracellular steroid
receptors.

This membrane estrogen receptor not only binds 17b-
estradiol, BPA, and DES but also the neurotransmitters epi-
nephrine, NE, and dopamine. An excitatory receptor equally
activated by dopamine, epinephrine, and NE has been described
in the vascular (47–49) and nervous systems (50, 51). This
receptor is pharmacologically different from the a or b adren-
ergic receptor. It is affected neither by the a nor the b antagonist,
and it has been defined as the g-adrenergic receptor (47–49).
These properties match those described for the membrane
estrogen binding site in the present work.

Moreover, the pathway involved in g-adrenergic receptor
action is a nitric oxide-independent guanylyl cyclase, which
increases cGMP, activating protein kinase G (51). This pathway
exactly imitates the one used by 17b-estradiol for modulating
[Ca21]i signals and KATP channels in pancreatic b cells (14). The
findings show that the so-called g-adrenergic receptor behaves as
a membrane estrogen receptor.

Our results demonstrate a functional membrane receptor
activated by the endogenous hormone 17b-estradiol as well as by

Fig. 5. General properties of the plasma membrane estrogen receptor. (A)
Competition of E-HRP binding by the catecholamines dopamine (Dpn), NE, and
epinephrine (E) and the catecholestrogen 2-hydroxyestradiol. These
catechol-derived chemicals competed for the E-HRP binding as much as 17b-
estradiol itself or even more as was the case of dopamine and NE. All of these
chemicals were from Sigma. (B) Competition of E-HRP binding by the a1-
adrenergic ligand prazosin (Prz), a2-adrenergic ligands yohimbine (Yh) and
clonidine (Cln), b-adrenergic ligand propranolol (Pro), and the dopamine D2

receptor ligand quinpirole (Quin). Chemicals were from Tocris Neuramin, Bristol,
U.K. (C) Absence of effect on the E-HRP binding of the s-receptor ligands
1,3-Di(2-tolyl) guanidine (DTG), BD1047, and BD1063 and the imidazoline bind-
ing site ligands KU14R, Idazoxan, and 2-BFI. All of the substances were used at 30
mM concentration, but E-HRP was used at 100 nM. DMSO was used as a vehicle for
liposoluble chemicals and had no effect on the E-HRP binding at the concentra-
tions used. Results are representative of at least two different triplicate experi-
ments. Chemicals were from Tocris. (D) Change in fluorescence intensity of Fluo-3
in single pancreatic b cells within intact islets of Langerhans. Islets were perfused
with 8 mM glucose, and 100 nM NE was applied as specified by the bar. Once a
stable [Ca21]i pattern was established, 100 nM 17b-estradiol was added, produc-
ing no change in the frequency of the [Ca21]i oscillations (0.7 6 0.2 min-1 NE, 0.9 6
0.3 NE 1 17b- estradiol, n 5 3 islets). When dopamine was used instead of NE,
essentially the same results were obtained (0.8 6 0.1 min-1 dopamine; 0.6 6 0.2
dopamine 1 17b-estradiol, n 5 8 islets). (E) Change in fluorescence intensity of
Fluo-3 in single pancreatic b cells within intact islets of Langerhans. Islets were
perfusedwith8mMglucose,and100nM17b-estradiolwasapplied.Onceastable
[Ca21]i pattern was established, 100 nM NE was applied. The change in the
frequency of oscillations was from 2.2 6 0.2 min-1 in the presence of estradiol to
0.67 6 0.04 min-1 with NE (n 5 3 islets). The same result was essentially obtained
when using 10 mM 17b-estradiol. In control experiments the frequency was 1.3 6
0.1 min-1 with 8 mM glucose only and decreased to 0.57 6 0.11 with NE (n 5
7 islets).
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the xenoestrogens BPA and DES, providing knowledge about
the molecular mechanism involved in the nongenomic action of
xenoestrogens.

The data define the pharmacological properties of this type of
membrane estrogen receptor and unveil a level of cross-talk
between estrogens and biogenic catecholamines. The latter may
constitute an important link between the endocrine and the
nervous systems.
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