











FIGURE 4: CANNULAE PLACEMENT TO THE MEA.

Location of the cannulae tips of male rats implanted with Chol, E2, or PPT and DPN into the MEA.
Cannulae tips were positioned in or near the MEA in all groups. The black dots represent cannula tip
locations.
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4. DISCUSSION

Because, in the MPO, mating behavior is supported by activation of a single receptor (ERa), [Russell et
al., 2012] it was expected that the estrogen-sensitive neural circuits of MEA might work similarly.
However, this is not the case. Stimulation of MEA ERa alone by PPT (ERa agonist) did not mimic the
actions of E, and did not support mating behavior [Russell et al., 2012]. Moreover, stimulation of MEA
ERPB by DPN (ERPB agonist) alone also does not promote mating [Russell et al., 2012]. Therefore, because
in the MEA the effect of either PPT or DPN is more limited and selective than that of E,, the objective of
this experiment was to determine if simultaneous stimulation of both ER subtypes is required for
activation of the estrogen-sensitive neural circuits within MEA that mediate mating behavior.

The hypothesis was confirmed by examining the mating response of male rats implanted with a
combination of selective estrogenic agonists of ERa and ERP (PPT and DPN respectively) into the MEA
and by comparison of this group to controls receiving E, or Chol MEA implants. Because only MEA and
not other brain areas important for mechanical execution of copulatory behavior, such as MPO, were
stimulated, we expected post-operative behavioral indices to be lower for all of the groups; we also
expected that only mounts and intromissions, but not ejaculations, would be maintained [Huggleston
et.al., 2003]. Therefore, ejaculation frequency, ejaculation latency, and post ejaculatory interval did not
figure prominently in the evaluation of the data although these data are included in the results.

During the pre-operative trials animals in all groups (PD, E,, and Chol) mated vigorously and
were not significantly different from each other on any behavioral indices. The number of mounts and
intromissions declined significantly in all groups post-operatively as expected. Mounts and intromissions
displayed by the E,-MEA group returned to the pre-operative levels by the terminal post-operative trial,
while the mounts and intromissions displayed by animals receiving Chol-MEA implants declined
progressively throughout the postoperative period and were significantly lower on the terminal post-

operative week compared to the terminal pre-operative and first post-operative trials. Although PD-
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MEA implants failed to maintain mounts and intromissions at the pre-operative levels they did maintain
these mating behavior indices at the levels not significantly different from those seen during the first
pre-operative trial. Between-group statistical comparison of the mounts and intromissions exhibited by
the rats in the three groups on the terminal post-operative week showed that PD group was not
significantly different from the E, group, nor was it significantly different from the Chol group.
Furthermore, on the terminal post-operative trial the proportions of animals that displayed mounts or
intromissions in the PD-MEA and E,-MEA groups were significantly higher than the proportion of animals
displaying mounts or intromissions in the Chol-MEA group and the PD-MEA group did not differ
significantly from the E,-MEA group. These findings suggest that MEA responded to activation by
combined administration of ERa and ER selective estrogenic agonists, however, the response did not
precisely mimic that of E,. Nevertheless, we conclude that ERa and ERP play a role in activation of
estrogen sensitive circuits in MEA responsible for mediation of mating behavior because combined
application of PPT and DPN produced results that were numerically and in some instances significantly
higher than those observed in Chol treated animals while singular application of either of the drugs did
not produce these effects [Russell et al., 2012].

Although activation of MEA through simultaneous administration of PPT and DPN was
successful, dual administration of these ER agonists did not mimic the action of E, in the MEA. The
plausible explanations for this may lie in the dosage of drugs administered. The animals in the PD group
were given a 50/50 mixture of PPT and DPN because an appropriate ratio of PPT/DPN required to
activate E,-dependent circuits in the MEA is not known. Perhaps, if the ratio of the drugs had been
altered, we would have observed the rats displaying mating behavior at the levels not statistically
different from rats receiving E,-MEA treatment. When ERa expression was knocked out or knocked
down in MEA, the mating was not affected [Paisley et al., 2012]. This previous finding, together with the

results of this experiment, raise the possibility that ERa plays a secondary role in the MEA and is
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required in lower concentrations than ERB. Thus, a 50/50 mixture of PPT and DPN might not have
provided enough of ERB agonist to full activate the circuits in MEA.

Although our findings provide some information about the role of E, in MEA to promote mating
behavior, the mechanisms of E, action is MEA are still not well understood. Several studies showed that
ERa and ERP are co-expressed in cells of MEA and that in female rats the cells that co-express both
receptor subtypes also exhibit FOS-ir in response to mating stimuli [Greco et al., 2003; Shughrue et al.,
1997; Shughrue et al., 1998]. It is also known that ERa and ERB undergo dimerization to form
homodimers and heterodimers during the reaction cascade that results in gene activation leading to
expression of mating behavior [Cowley et al., 1997]. ERs are able to form heterodimers if both receptor
subtypes are colocalized within a cell and it has been proposed that different functions are rendered
based on the type of dimer that could be formed in an area [Shughrue et al., 1997; Shughrue et al.,
1998]. However, a new finding showed that heterodimers may be formed when only one subtype is
bound by a ligand [Paulmurugan et al., 2011]. Therefore, when PPT alone was given, it is possible that
ERa/ERP heterodimer was formed along with an ERa homodimer and when DPN was given alone, it is
possible that ERa/ERPB heterodimer was formed along with an ERB homodimer. Neither of these pairs of
dimers were sufficient to activate E,-dependent neuronal circuits in MEA [Russell, et al., 2012].
However, when a combination of PPT and DPN was administered to MEA, it is possible that ERa/ERB
heterodimer, an ERa/ERa and an ERB/ERB homodimers were also formed and that all three dimers are
required to facilitate mating behavior.

The results of this experiment might appear to contradict previous findings because it was
shown that, in the MEA, ERa is not necessary for male rats to display mating behavior [Paisley et al.,
2012]. However, the current findings suggest that ERa nevertheless participates in the signaling pathway
which leads to the display of mating behavior by male rats. There are multiple plausible explanations for

these apparently conflicting findings. It is possible that ERp is required in MEA but cannot promote
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mating behavior on its own and instead must be coupled to another receptor in order to generate the
response. Although ERB might normally be coupled to ERa, there might be other possibilities. Because
mating behavior persists when ERa mRNA expression is inhibited [Paisley et al., 2012], it is possible that
ERB may couple to another non-ERa receptor (not yet identified). Another possibility could involve two
different pathways, one of which engages dimers of ERa and ERPB, while the other proceeds through a
novel type of E, receptor not linked to ERa or ERB. Yet another interpretation may emerge from this
experiment. It is reasonable to assume that when expression of ERa mRNA was inhibited in MEA by AS-
ODN infusion [Paisley, et al., 2012], it did not completely knock out ERa, but rather only knocked down
ERa expression. The reduced level of ERain MPO may have been too low to support the mating
behavior if ERa is primarily responsible for E, actions in MPO [Paisley et al., 2012; Russell et al., 2012].
However, low residual levels of ERa in MEA might still be enough to sustain the response of the MEA to
E, because they may aid ERB even if ERa is not the primary E, receptor of MEA. To further investigate
the actions of E, in MEA an anatomical study of male MEA to test if the cells co-expressing ERa and ER[
also would exhibit Fos-ir upon mating stimulation might be valuable. Nevertheless, it now appears that
E, dependent circuits in the MEA responsible for activation of mating behavior in male rats proceed
through simultaneous activation of both ERa or ERB and that both receptor subtypes are important in

the MEA.
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