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Prepubertal exposure to bisphenol-A induces ERa upregulation
and hyperplasia in adult gerbil female prostate
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SUMMARY

Prostate physiology is highly dependent on oestrogenic and androgenic homeostasis.
Interferences in this equilibrium, especially in early periods of life, may disrupt the
prostate and increase the susceptibility to the development of diseases with ageing.
Taking this into account, and considering the increase of environmental chemicals
with endocrine-disrupting potential such as bisphenol-A (BPA), this study aimed to
evaluate the prostates of adult female gerbils exposed to BPA and BPA plus testoster-
one from pubertal to adult periods. Morphological, stereological and chemical
analyses revealed that long-term BPA exposure, even in environmental dosages,
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2014 increases the proliferative status of the prostate, increases the number of ERa-posi-
Accepted for publication: 19 January  tive stromal cells and elicits the development of prostatic hyperplasia in adult female
2015 gerbils. Moreover, we also observed that the association with testosterone did not

increase the proliferative status of the gland, which shows that low levels of BPA are
enough to cause an oestrogenic disruption of the prostate in young adults. This evi-
dence suggests that this oestrogenic endocrine disruptor may increase the susceptibil-
ity to prostatic disorders with ageing.
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Bisphenol-A is an endocrine disruptor largely used as a
monomer for the production of polycarbonate, which is
employed in plastic bottles for babies, as a component of
epoxy resin in coating food cans and in dental sealants
(Prins 2008; Vogel 2009; Prins et al. 2011). Its release from
plastic occurs from increased temperatures, changes in pH
or due to repeated washings. Thus, BPA can be found in
human plasma in high concentrations, in addition to being
found both in the placenta and in foetal tissues (Schonfelder
et al. 2002; Prins et al. 2008).

The extensive human exposure to BPA and its clinical
potential has considerably attracted the attention of scien-
tists, governments and the population in general. Several
studies have reported the adverse effects associated with
exposure, even at low concentrations of BPA. An exposure

of 50 pg/kg/day is the dose of daily intake acceptable and
commonly considered ‘safe’ by the U.S. Food and Drug
Administration (FDA) and the U.S. Environmental Protec-
tion Agency (Hunt et al. 2009). However, studies show that
this chemical is a potential disruptor even at lower concen-
trations, because it is a toxic substance that elicits indirect
effects on the tissues of the reproductive tract (Markey
et al. 2005; Ho et al. 2006).

The female gerbil prostate is similar to the ventral male pros-
tate and presents a mature and differentiated glandular epithe-
lium composed mainly of basal and secretory cells with high
synthetic activity (Santos et al. 2003; Custddio et al. 2004).
Prostate physiology is regulated by androgens, which are
essential for cellular differentiation and prostate development,
as well as for the growth and maintenance of the secretory
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activity of the gland. Furthermore, prostate metabolism is
influenced by other steroids, especially oestrogens, which act
by modulating the effects of androgens (Marker et al. 2003).

Studies with rodents showed that synthetic oestrogens per-
manently disrupt prostatic growth and differentiation of the
gland, resulting in injuries with ageing (Prins 1992; Perez
et al. 2011). In this sense, recently published data suggest an
important role for oestrogen in prostate pathogenesis
through multiple mechanisms, including genotoxicity, epi-
genotoxicity, chronic inflammation and events mediated by
oestrogen receptors (Nelles et al. 2011).

In this context, biochemical studies have examined the
kinetics of BPA with the oestrogen receptors (ERs) and
determined that it binds to both the ERa and ERB (Gould
et al. 1998). Recent evidence regarding these receptors in
studies employing adult mice showed that BPA exposure
affects the expression of the aromatase enzyme in the pros-
tate, thereby increasing the levels of estradiol (Castro et al.
2013). These interferences resulting from exposure to oes-
trogenic disruptors increase the susceptibility to neoplastic
lesions, predisposing the gland to develop diseases in adult-
hood (Prins et al. 2008).

Thus, our hypothesis is that BPA has hazardous effects on
the prostate of female gerbil, increasing the susceptibility to
the development of lesions throughout one’s lifespan. There-
fore, the aim of this study was to evaluate the effects of
long-term BPA exposure, from pubertal to adult life, on the
prostate of female gerbils.

Methods

The animals were provided by the Federal University of
Goids (UFG) (Goiania-GO). They were maintained in poly-
ethylene cages under controlled conditions of light and tem-
perature and were provided with filtered water and rodent
food ad libitum. Animal handling and experiments were per-
formed according to the ethical guidelines of the Federal
University of Goids (UFG) (ethical committee number 052/
11 CEP) and in keeping with the Guide for Care and Use of
Laboratory Animals (The National Academies Press, 2011,
Washington, D.C., USA). During all experiments, we pro-
vided filtered water in glass bottles to avoid exposing the
animals to additional endocrine-disrupting chemicals such as
BPA from plastic bottles.

In this experiment, we used 25 one month-old females.
These animals were separated from their parents after
weaning (at 30 days) and divided into five groups: control
(C) — five females were maintained under standard condi-
tions until they reached 4 months of age; low bisphenol-A
(LBPA) — five females received water with BPA at a con-
centration of 40 pg/kg/day until 4 months of age; low bi-
sphenol-A plus testosterone (LBPA + T) — five females
received water with BPA at a concentration of 40 pg/kg/
day up to 4 months of age. At 3 months and 7 days,
these animals were treated with subcutaneous injections of
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testosterone (1 mg/kg) diluted in 100 ml of mineral oil
(nujol — Mantecorp) once a week for 21 days; high bi-
sphenol-A (HBPA) — five females received water with BPA
at a concentration of 4 mg/kg/day until 4 months of age;
and high bisphenol-A plus testosterone (HBPA + T) — five
females received water with BPA at a concentration of
4 mg/kg/day up to 4 months of age. At 3 months and
7 days, these animals were treated with subcutaneous
injections of testosterone (1 mg/kg) diluted in 100 ml of
mineral oil (Nujol - Mantecorp) once a week for 21 days
until 4 months of age, when they were killed. The average
water consumption and weight of the animals per cage
were measured daily for the purpose of calculating the
dilution of BPA in water.

All animals were killed by CO, inhalation followed by
decapitation. The body and prostatic complex (PrC — urethra,
vagina and prostate structures) were weighed. These frag-
ments were dissected out using a Leica stereoscopic micro-
scope (Leica, Germany) to remove adipose tissues and isolate
the urethral segment plus the associated prostatic tissue.

Light microscopy

PrC from female gerbils were fixed by immersion in 4%
paraformaldehyde (buffered in 0.1 M phosphate, pH 7.2) or
in methacarn (proportions: methanol 60%, chloroform 30%
and acetic acid 10%) for 3 h. After fixation, the tissues were
washed in water, dehydrated in ethanol, clarified in xylene
and embedded in paraffin (Histosec, Merck, Darmstadt,
Germany). All tissue fragments employed in this study were
serially sectioned into S-um slices with an automatic rotator
microtome (Leica RM2155, Nussloch, Germany). The sec-
tions were stained with haematoxylin—eosin (HE) for general
morphological analysis. The specimens were analysed with
an Olympus BX60 light microscope (Olympus, Tokyo,
Japan), and the images were digitalized using DP-BSW soft-
ware v3.1 (Olympus) and a virtual slide system BX 61VS
(Olympus).

Ethical approval

The research was approved by the Federal University of
Goids Ethical Committee for Animal Research under the
Protocol Code Nr. 052/11.

Stereology

The stereological analyses were carried out using Weibel’s
multipurpose graticulate with 130 points and 10 test lines
(Weibel 1978) to compare the relative proportion (relative
frequency) of each component of prostatic tissue (epithe-
lium, lumen, stroma), as described by Huttunen er al.
(1981). We chose thirty microscopic fields at random from
each experimental group (six fields per animal; 7 = 35).
Briefly, we determined the relative values by counting the
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coincident points in the test grid and dividing them by the
total number of points. Stereological analysis was performed
using Image-Pro Plus software v6.1 for Windows (Media
Cybernetics Inc., Silver Spring, MD, USA).

Immunohistochemistry

Tissue sections were subjected to immunohistochemistry for
the detection of the androgen receptor (AR), as described in
protocols applied to the prostate (Cordeiro et al. 2008), oes-
trogen receptor-alpha (ERa) and PCNA. Primary antibodies
reactive to AR (rabbit polyclonal IgG, N-20, sc-816, Santa
Cruz Biotechnology, Santa Cruz, CA, USA), ERa (rabbit
polyclonal IgG, MC-20, sc-542, Santa Cruz Biotechnology)
and PCNA (mouse monoclonal IgG,,, SC 56, Santa Cruz
Biotechnology) were employed at a dilution of 1:100. Poly-
mers (Post Primary Block and Polymer, Novocastra™,
RE7260-K, Newcastle Upon Tyne, UK; DAKO Envision™ +
Dual link system-HRP, K4061; DAKO, North America,
Inc., Carpinteria, CA, USA) were used as secondary antibod-
ies according to the procedures described by the manufac-
turers. The sections were stained with diaminobenzidine and
counterstained with Harris’s haematoxylin. The histological
sections were analysed using an Olympus BX60 light micro-
scope (Olympus).

ERo and PCNA quantification

For ERa quantification, thirty microscopic fields (magnifica-
tion of 400x) were used for each experimental group. In
each field, the total number of positive stromal cells was
obtained as a relative frequency (%) in relation to the total
number of negative stromal cells. Between positive and neg-
ative cells, we counted a mean of 5300 stromal cells for
each experimental group.

Regarding PCNA quantification, we employed thirty
microscopic fields (magnification of 400x) for each experi-
mental group. In each field, the total number of positive

epithelial cells was obtained as a relative frequency (%)
in relation to the total number of epithelial cells of the
acini. The same procedure was followed for the positive
stromal cells. Between positive and negative cells, we
counted a mean of 4000 epithelial cells and 2000 stromal
cells for each experimental group. All these analyses were
performed using the image analysis system previously

described.

Statistical analyses

The hypothesis tests employed to determine statistical signif-
icance were the Kruskal-Wallis test for nonparametric distri-
butions and ANOVA for parametric distributions. Further
determination of the statistically significant differences
between experimental groups was performed using Dunn’s
test for nonparametric distributions and Tukey’s test for
parametric distributions. The data were analysed using Stat-
istica 6.0 (StarSoft, Inc., Tulsa, OK, USA) and BioEstat 5.0
(free statistical program) software. The level of significance
was set at 5% (P <0.05). Values are presented as
mean =+ standard error of mean (SEM).

Results

Biometry

Biometric analysis of adult female gerbils indicated that
there were no significant differences in body weight, pros-
tatic complex and the relative weight of all groups measured
(Table 1).

Morphology and stereology

Analysis of the prostate of adult female gerbils demon-
strated that BPA exposure caused morphological changes
in epithelial and stromal compartments of the gland (Fig-
ure 1). The groups exposed to low environmental levels of

Table 1 Biometric and stereological parameters (mean + standard error) in control and BPA-treated Mongolian gerbils.

Groups
Control LBPA LBPA + T HBPA HBPA + T
Biometry
Bodyweight (g) 56.8 + 1.4 58.7 + 8.4 59.7 £ 3.0 51.3 £ 2.0 511 +£2.2
Female prostate complex (g) 0.15 £ 0.01 0.12 £+ 0.02 0.12 £ 0.03 0.1 + 0.01 0.13 £ 0.01
Female prostate relative 2.0 £ 0.1 2.0 +£ 0.4 2.0 +£ 0.5 1.9 + 0.1 2.6 +£ 0.1
weight (x107%)
iStereology (%)
Epithelium* 11.7 + 0.9 26.6 + 1.8° 25.6 + 1.5° 27 + 1.8° 26.3 +1.3°
Lumen* 58.0 £ 1.8° 40.2 £ 2.7° 36.6 £ 1.6° 38.4 £2.0° 37.4 £2.0°
Stroma* 30.3 £ 1.8° 332 £2.3° 37.8 +2.5° 34.6 £2.9° 36.3 +2.5°

"Body, female prostate and relative weight in C and BPA-treated females (# = S/group). Relative weight corresponds to the ratio between the
weight of the female prostate complex and the whole body. Values are means + standard error of the means. ¥Stereological data obtained for the
female prostate during BPA treatments (mean =+ standard error of mean; # = 30 fields in 5 animals/group). *Statistically significant differences
between control and treatments (P < 0.05). Superscript letters (*°) represent statistically significant differences between the experimental groups.
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Figure 1 Histological sections of the
female gerbil prostates stained with
haematoxylin—eosin demonstrating
general morphology of the gland. (a—)
Normal aspects of the C group,
characterized by a wide lumen (1), with
simple cubic or cylindrical epithelium
(ep) and stromal compartment (s) with
cells, fibres and smooth muscle. (d—o)
In all groups exposed to BPA, the
female prostate presented epithelial and
stromal features of intense
development, accompanied by
proportional luminal narrowing.
Several hyperplastic and inflammatory
foci were observed throughout the
gland. There is intense epithelial
stratification in the glands of the
females exposed to BPA (e, f, h, i, k, 1,
n, o). Urethra (u), vagina (v), alveoli
(g), epithelium (ep), lumen (1),
inflammatory foci (*), control (C); low
bisphenol-A (LBPA); bisphenol-A plus
testosterone (LBPA + T); high
bisphenol-A (HBPA); high bisphenol-A
plus testosterone (HBPA + T). (Scale
bar: 200 um — Figure 1a, d, g, j, m;
scale bar: 50 um — Figure 1b, e, h, k, n;
scale bar: 10 pm — Figure 1c, f, i, 1, o).

LBPA+T

HBPA

HBPA + T

BPA (LBPA: Figure 1d, e, f and LBPA + T: Figure 1g, h,
i) and to high dosages (HBPA: Figure 1j, k, | and HBPA
+ T: Figure 1m, n, o) showed the same pattern of mor-
phological changes, mainly characterized by epithelial
increase (Figure le, h, k, n), epithelial and stromal hyper-
plasia (Figure 1f, i, I, 0) and inflammatory foci (Figure 1le,
I, n). However, these changes were more evident and
constant in groups exposed to BPA and associated with
the administration of androgens (LBPA + T and T +
HBPA).

The prostatic epithelium, ranging from simple cuboidal to
cylindrical in control animals (Figure la—c), became very
proliferative and developed in all experimental groups (Fig-
ure 1d-o). The majority of prostatic hyperplastic alveoli
assumed an appearance characterized by several areas of
stratification (Figure 1h, i, k, o). This epithelial growth was
confirmed by stereological analysis, which showed that all
groups exposed to BPA had an increase from 2 to 2.3 times
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in the relative frequency of the epithelial compartment
(P < 0.05, Table 1).

The BPA exposure also caused changes related to the
increase in the stromal smooth muscle cells surrounding the
alveoli and inflammatory cells in the interalveolar stroma
(Figure 1 e, h, I, n). These changes were also confirmed by
stereological analysis showing a significant increase in the
relative frequency of the stromal compartment of all groups
treated with BPA (P < 0.05, Table 1).

Immunobhistochemical analyses

ER Alpha. Immunostaining for ERo was detected in
prostate stromal cells of the female gerbils (Figure 2). The
immunolabelled cells were more numerous in all the groups
subjected to BPA treatment (Figure 2d-n). By counting cells
(Figure 3), we detected that the treatment with BPA stimu-
lated a significant increase in the frequency of ERa-positive
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Figure 2 Immunohistochemistry for oestrogen receptor-alpha
(ERa) and androgen receptor (AR) in female gerbil prostates.
(a-n) The immunohistochemical analysis for ERa showed a
pattern of nuclear staining in the stromal cells (S) of all
examined groups (arrows). It is noted, however, that in all
treated groups, the immunolabelling was more frequent and
evident. (c-0) The immunolabelling for AR was observed in the
nucleus of the secretory epithelial cells (Ep) and in the nucleus
of fibroblasts and smooth muscle cells in the stroma (S) of all
experimental groups (arrows). (Scale bar: 20 um — Figure 2a, d,
g, j, m; scale bar: 10 pm — Figure 2b, e, h, k, n; scale bar:

10 pm — Figure 2c¢, f, i, 1, o).

Cc

HBPA LBPA+T LBPA

HBPA+T

cells in the stromal compartment of all analysed females
(P <0.05).

Ar. AR-positive cells were observed in the epithelial and
stromal compartments of the female gerbil prostates of all
experimental groups (Figure 2c, f, i, 1, 0). The immunolabel-
ling for AR was similar in all groups, although it was more
prominent in secretory epithelial cells. In the stroma, the im-
unolabelling of this receptor occurred in fibroblasts and
smooth muscle cells.

Pcna. PCNA-positive cells were observed in all experimen-
tal groups (Figure 4). However, these markings were more
common in the prostate glands of BPA-treated groups, espe-

ER ALPHA-POSITIVE CELLS (%)

C LBPA LBPA+T HBPA HBPA+T

Figure 3 The frequency of ERa-positive cells in the prostate of
adult females subjected to different forms of BPA exposure. Values
are means + standard error of the means. Superscript letters (*°)
represent statistically significant differences between the
experimental groups (P < 0.05); 7 = 30 fields in § animals/group.

3
o.
]
T

Figure 4 Immunohistochemistry for proliferation (PCNA) in the
female prostate gland of all experimental groups.
Immunolabelling for PCNA (arrows) is present in epithelial and
stromal cells, particularly in the regions of stratification in the
prostate of the LBPA, LBPA + T, HBPA and HBPA + T groups.
(Scale bar: 20 um — Figure 4a, c, e, g, i; scale bar: 10 um —
Figure 4b, d, f, h, j).

International Journal of Experimental Pathology, 2015, 96, 188-195



o
]

() b

oo
1

[o)]
!

B
1

PCNA-POSITIVE EPITHELIAL CELLS (%)
N

o
I

Cc LBPA LBPA+T HBPA HBPA+T

c

—
o
1

(b)

b,c

b,c

(00}
1

D
I

n
1

N

PCNA-POSITIVE STROMAL CELLS (%)
o

Cc LBPA

LBPA+T HBPA

HBPA+T

Figure 5 The frequency of PCNA-positive cells in the prostate
of adult females subjected to different forms of BPA exposure.
Observe the increased number of PCNA-positive cells either in
epithelial (a) or in stromal (b) compartments. Values are
means + standard error of the means. Superscript letters (
represent statistically significant differences between the
experimental groups (P < 0.05); 7 = 30 fields in 5 animals/
group.

a,b,C)

cially in areas of hyperplasia and epithelial stratification
(Figure 4c and g). Employing PCNA quantification, the
analysis showed a statistically significant increase of PCNA-
positive cells in both epithelial and stromal compartments of
all treated groups in comparison with the control group
(Figure 5).

Discussion

This study demonstrated that long-term BPA exposure, even
in environmental dosages, increases the proliferative index
of the prostate, promotes ERo upregulation and favours the
development of prostatic hyperplastic foci in adult female
gerbils. These results, in a nutshell, demonstrate that the
low levels of BPA are enough to cause an oestrogenic inter-
ference on the female prostate. Moreover, considering that
the evidence of this study was obtained from adult gerbils,
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these data show that, even in early adult age, BPA has a
potential of increasing the susceptibility to prostatic disor-
ders such as hyperplasia.

With respect to BPA levels employed in this study, accord-
ing to Reagan-Shaw ef al. (2007), the human equivalent
dosage is around six times less than in rats and 12 times less
than in mice. Therefore, the low dosage of 40 pg/kg/day
administered in the gerbil is expected to be translated into a
much lower human equivalent dose, implying that the BPA
effects would be very potent in humans. Recent studies have
shown the influence of oestrogenic chemicals such as BPA
on the reproductive organs (Timms et al. 2005; Prins et al.
2008). These studies demonstrated that exposure to oestro-
genic compounds such as BPA is associated with an increase
in the prostatic volume, urethral malformations and cell
proliferation (Timms et al. 2005), in addition to being asso-
ciated with a high susceptibility to carcinogenesis (Prins
et al. 2008).

Stereological analysis has shown a statistically significant
increase in the epithelial compartment in all treated groups.
Although not statistically significant for all groups, we
observed an increase in the stromal compartment, which
was more evident in the HBPA group. These stereological
data confirm a general increase in both epithelial and stro-
mal compartments observed through morphological analysis.
Moreover, the most notable finding of our study was the
significant increase in ERa-positive stromal cells in the pros-
tate gland of all treated groups. Studies have shown that
BPA is an oestrogen receptor agonist, and the binding of
BPA to ERa promotes cell proliferation in the prostate
(Luccio-Camelo & Prins 2011; Taylor e al. 2011). Based
on these evidences, our results suggest that BPA, even in
low dosages, acted as an agonist of ERa, promoting a prolif-
erative status of the gerbil female prostate.

Moreover, according to the quantification of the ERa-
positive stromal cells, we did not observe any statistically
significant difference between the treated groups, even when
comparing the BPA plus testosterone-treated groups. Castro
et al. (2013) demonstrated that adult exposure at low dose
of BPA (25 pg/kg/day) increases the plasma estradiol /testos-
terone ratio and aromatase mRNA levels in the prostate of
adult rats. In this way, considering that part of exogenous
testosterone can be aromatized into estradiol by the increased
aromatase levels, new approaches are necessary to evalu-
ate the behaviour of this enzyme in these experimental
conditions.

Recent studies have shown that oestrogen receptor sub-
types (ERa and ERB) have opposing roles in the prostate
(Morani et al. 2008; Ellem & Risbridger 2009). According
to the literature, ERa is directly associated with aberrant
proliferation and inflammation and acts as an inducer of
premalignant lesions (Ellem & Risbridger 2009). On the
other hand, ERB is critical in regulating antiproliferative
activity in the prostate (Ellem & Risbridger 2009), besides
being involved in differentiation, extracellular matrix orga-
nization and stromal-epithelial communication (Morani
et al. 2008).



194 M. S. Campos et al.

In addition to these aspects of oestrogen receptors, it has
long been known that prostatic stromal cells are determinants
for prostate epithelial physiology from early developmental
periods to late phases during senescence (Prins & Putz 2008;
Thomson 2008). The main mechanisms of this physiology are
mediated by mesenchymal-epithelial interactions, which drive
the development of the gland and are directly responsible for
the fate of the organ’s health (Cunha 2008; Prins & Putz
2008; Thomson 2008). Between these mesenchymal-epithe-
lial interactions, the steroid receptors such as ERs and ARs
play a fundamental role in normal prostate morphogenesis
(McPherson et al. 2008; Thomson 2008).

A literature review by Cunha et al. (2003) reported the
importance of stromal-epithelial interactions in the develop-
ment of prostate lesions. According to the report, the pres-
ence of stromal cells expressing ERa is a determinant for
eliciting prostate carcinogenesis in mice treated with testos-
terone plus estradiol (T + E,), showing the critical influence
of the stromal microenvironment in benign versus malignant
growth. Although we did not observe the presence of malig-
nant lesions in any treated group, the findings may be an
indicator of a precursor status which may lead to a malig-
nant condition with ageing.

Thus, considering all this evidence, and based on our find-
ings regarding ERa-positive stromal cells, we believe that
BPA directly influences ERa in the stromal cells. Indeed, the
increase of the proliferative index and the presence of
several proliferative foci in the prostate of treated groups
suggest that BPA exposure may disrupt normal prostate
physiology and increase the susceptibility to the develop-
ment of lesions.

Regarding the proliferation analysis, we observed a statisti-
cally significant increase in the proliferative index in all trea-
ted groups, as confirmed by quantification of PCNA-positive
epithelial cells. These data are in accordance with the findings
regarding morphological, stereological and ERa quantifica-
tion. As ERa influences the proliferation of the epithelial com-
partment, the increase in PCNA-positive epithelial cells
corroborates the evidence of increased proliferation in the
prostates of all treated groups.

The present study is the first to show the effects of BPA
exposure on the prostate of female rodents. Because the con-
cern about the female prostate either in humans or in rodents
has been increasing lately (Zaviacic 1999; Santos & Taboga
2006; Perez et al. 2011; Reis et al. 2011; Biancardi et al.
2012), the present study opens new frontiers in research of
the effects of oestrogenic chemicals on female prostate glands.
These results have clinical relevance, as several studies have
demonstrated the occurrence of Skene’s paraurethral glands
lesions in young and senile women (Sloboda et al. 1998;
Kazakov et al. 2010; Kelly et al. 2011). However, although
the present data provide evidence of the effects of BPA on the
prostate of adult female gerbils, new studies are necessary to
evaluate old animals subjected to the same treatments, as old
age is critical in terms of prostate pathophysiology.

Moreover, these findings show the importance of early peri-
ods of prostate development for the fate of the gland through-

out life. There is more documentation in the scientific
literature of the importance of early periods of prostate devel-
opment and its association with the pathogenesis of prostatic
diseases throughout life (Lee & Peehl 2004; Cunha & Ricke
2011). Considering that human beings are exposed to several
EDCs, new studies of these substances are extremely impor-
tant to improve our knowledge underlying the mechanisms of
action of these compounds.
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