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Abstract  Despite its homogeneous, highly ordered structure, the hippocampus 
serves very different functions along its septo-temporal axis; while the dorsal 
(septal) end is associated with cognition, its ventral (temporal) region regulates 
emotion and anxiety. As stress has been known to affect cognitive functions in the 
brain, it is of prime interest to try and understand how the hippocampus assumes 
its cognitive roles under stressful conditions. We hypothesize that stress switches 
the focus of control of hippocampal functions by differential modulation of syn-
aptic plasticity in the dorsal and ventral sectors of the hippocampus through the 
activation/suppression of steroid hormones and monoamine neurotransmission. 
Herein, we will review recent studies on the effects of stress on synaptic plas-
ticity in the dorsal and ventral hippocampus and outline the outcomes of this 
modulation on stress-related global functions of the temporal lobe, which hosts 
the hippocampus. We propose that steroid hormones act as molecular switches to 
change the strength of synaptic connectivity in the hippocampus following stress, 
thus regulating the routes by which the hippocampus is functionally linked to the 
rest of the brain. This role has profound implications for the pathophysiology of 
psychiatric disorders.

Abbreviations

CRH	 Corticotropin releasing hormone
DH	 Dorsal hippocampus
iGR	 Intracellular glucocorticosterone receptors
iMR	 Intracellular mineralocorticosterone receptors
LTP	 Long term potentiation
mGluR	 Metabotropic glutamate receptor
mGR	 Membrane glucocorticosterone receptor
mIPSC	 Miniature inhibitory post synaptic currents
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mMR	 Membrane mineralocorticosterone receptors
VGCC	 Voltage gated calcium current
VH	 Ventral Hippocampus

8.1 � Introduction: The Hippocampus, more than One?

The view of the hippocampus, the most intensively studied brain structure, has 
changed drastically over the past century. Considered part of the Papez circuit, 
the hippocampus was originally related to affective circuits in the brain. The strik-
ing observation of loss of short-term memory in epileptic patients undergoing 
hippocampectomy, led to a series of animal studies testing the hypothesis that 
the hippocampus is a locus of short-term storage of memories. This enthusiasm 
about the role of the hippocampus in memory neglected the fact that some of these 
patients had little cognitive deficits, but suffered from severe emotional prob-
lems following the operation. Only more recent studies began to appreciate the 
significant role of the ventral hippocampus (VH) in emotion and anxiety, dis-
tinctly different from the more traditional role of the dorsal hippocampus (DH) in 
cognitive functions. This assertion is based on lesion and stimulation studies as 
well as recording of single neurons in freely moving animals, and on studies in 
hippocampal slice preparations. Indeed, there are distinct differences in the dis-
tribution of synaptic proteins between the two poles of the hippocampus. While 
the roles of the two regions of the hippocampus in cognitive versus affective func-
tions becomes evident (see below), there are still unsolved issues related to this 
distinction. First, why is it so important to have two major brain functions in one 
rather small structure. Second, while the hippocampus has a lamellar organiza-
tion, meaning that the entire input/output pathway is embedded in parallel lamella 
along the septo-temporal axis, it does contain extensive longitudinal fiber systems 
that unite the entire hippocampus into one apparent functional unit. Since the VH 
and the DH have different connections with the rest of the brain, with the DH pro-
jecting mainly to cortical structures, whereas the VH mainly to the amygdala and 
hypothalamus, it is apparent that the weight of connectivity of the hippocampus 
may switch between the dorsal and ventral poles, in relation to the ambient state of 
the animal. The factors that determine this switch and the rules that govern them 
will be discussed below.

8.2 � Corticosteroid receptors in the brain

Steroid hormones have been traditionally associated with regulation of peripheral 
organs, associated with stress (corticosterone) or with gonadal function (estrogen 
and androgens). Over the years, it became evident that these hormones also act 
within the hypothalamus, in a feedback regulatory loop, to affect the release of the 
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neural factors that modulate production of the steroid hormones. More recently, 
several observations have elucidated new roles of steroid hormones in modulating 
higher CNS functions. Specifically, both stress and steroid hormones have been 
shown to affect synaptic receptors and ion channels and therefore regulate synaptic 
transmission and neuronal plasticity in several different ways. Furthermore, corti-
costerone is not the only player in the control of stress responses, and the central 
factor that regulates it, corticotropin releasing hormone (CRH) has been described 
to exert an important role in modulating neuronal plasticity in the hippocampus 
and elsewhere (Joels and Baram 2009). Consequently, stress hormones have been 
implicated in processes ranging from homeostatic to cognitive functions. Likewise, 
in some disorders of the nervous system, hormones have been shown to play criti-
cal roles: favoring or halting the disease process. Thus, the interaction between 
peripheral hormones and central networks seem to be more intense than ever before.

In the present study, we review current knowledge on the effects of steroid hor-
mones on synaptic plasticity and define their influence on cognitive and emotional 
functions of the DH and VH.

Following the exposure to stressful stimuli, the steroid hormone corticosterone 
(cortisol in humans) is released from the adrenal glands in order to set up the best 
response to the challenge by acting on steroid receptors (de Kloet et al. 2005). These 
are distributed throughout the body and have a particularly dense distribution in the 
CNS (de Kloet et al. 2005). In the brain, the cellular and molecular targets for the 
action of corticosterone include, in addition to basic metabolic processes, an ef-
fect on excitatory (Karst and Joels 2005) and inhibitory (Maggio and Segal 2009a, 
b) synaptic transmission, as well as an effect on voltage-gated calcium channels 
(VGCC) (Karst et al. 2000; Chameau et al. 2007). These effects are mediated by the 
activation of mineralocorticoid receptors (MRs) and glucocorticoid receptors (GRs) 
(Joels 1999; de Kloet et al. 2005; Joels 2008, Joels et al. 2008). Initially, it was sug-
gested that both receptors act as nuclear transcription factors that modify protein 
synthesis and produce a slow, persistent change in the function of the cell (de Kloet 
et al. 1993, 2008). More recently, the existence of a new family of membrane-bound 
MR and GR (mMR and mGR, respectively), which act through novel nongenomic 
pathways, has been reported (Karst et al. 2005; de Kloet et al. 2008). In this route, 
mMR and mGR can rapidly affect ionic conductances and thereby modify cell ex-
citability and function (Karst et al. 2005; de Kloet et al. 2008). These membrane-
bound receptors appear to differ from their intracellular cognates, not only in their 
location on the cell membrane, but also in their molecular structures (Joels et al. 
2008), in their affinities for corticosterone, and in their downstream mechanisms 
of action which involve activation of G proteins (Joels et al. 2008). Specifically, 
intracellular MR (iMR) have a very high affinity for corticosterone and are highly 
expressed in all hippocampal subfields, as well as in cells of the central amygdala, 
lateral septum, and some motor nuclei in the brainstem (Joels 2006). Intracellular 
GR (iGR) have a relatively low affinity, are widely distributed throughout the brain, 
and are expressed both in neurons and in glia (Joels 2006). Consequently, it has 
been proposed that iMR hardly participates, if at all, in the fast response to stress-
ful stimuli, due to their characteristic of being already saturated by the low ambi-
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ent levels of corticosterone at rest (Joels 2006, 2008). Conversely, iGR have been 
reported to become gradually activated by rising levels of corticosterone follow-
ing a stressful event (Joels 2006, 2008) (Fig. 8.1). Therefore, under physiological 
conditions, cells that co-express both receptor types, such as principal cells in the 
CA1 region, the dentate gyrus (DG), and the central amygdala, will shift between 
predominant iMR activation and concurrent mMR and iGR activation (Joels and 
Krugers 2007).

8.3 � The Hippocampus: One structure, two functions?

The realization that there might be intrinsic differences between CA1 neurons of the 
DH and VH, which may underlie the differences in their firing properties as well 
as their ability to undergo plastic changes, led to several attempts to characterize 
the biophysical properties of CA1 neurons in the two sectors. The first study, by 
Maggio and Segal (2009a) reported that neurons in the two sectors had similar rest-
ing potentials, input resistance and membrane time constant, but the VH neurons 
generated fewer action potentials to a depolarizing current pulse than DH neurons. 
A more recent study (Dougherty et  al. 2012) reported opposite results, with the 
VH neurons being more depolarized by 7 mV than the DH neurons, a difference 
that resulted in more action potential discharges to the same depolarizing current 
pulse. In a more recent study, they propose (Dougherty et al. 2013, Marcelin et al. 
2012) that VH neurons have different compositions of HCN channels, responsible 
for Ih in these neurons. This might underlie the 7 mV depolarization and the higher 
input resistance of their VH CA1 neurons and eventually explain the difference in 
excitability between the two studies. Notably, if the VH neurons would be more 
excitable, then a larger amplitude theta rhythm is expected to be generated in this 
area. However, theta rhythm of smaller amplitude compared to their cognates in 

Fig. 8.1   Schematic of the 
hippocampus and its connec-
tions with the main efferent 
systems. While the dorsal 
hippocampus is connected 
with cortical structures, e.g., 
prefrontal and retrosplenial 
cortex (PRCx and RsCx, 
respectively), the VH is 
linked to the amygdala and 
ventromedial nucleus of the 
hypothalamus (VMH). Blue 
indicates the main functional 
connections at rest and red 
the main functional connec-
tions during stress. 
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DH has been reported (Patel et  al. 2012). In addition, a different excitability of 
the CA1 neurons in the two regions should generate larger response amplitudes to 
Schaffer’s collateral stimulation in VH cells compared to DH neurons. However, 
several experiments have shown that both DH and VH have similar input/output 
relations (Papatheodoropoulos and Kostopoulos 2000; Grigoryan et al. 2012). Alto-
gether these studies suggest that there is a genuine difference in synaptic plasticity 
between DH and VH.

Several other hippocampal features are affected by stress differently in the DH 
and VH. For example, neurogenesis is one of the unique properties of the DG of the 
hippocampus, one of two locations in the brain where adult neurogenesis was char-
acterized (O’Leary et al. 2012). VH neurogenesis is more affected by stress than 
DH, and drugs that reduce the effects of stress are active primarily in the VH (Felice 
et al. 2012, Xia et al. 2012, Tanti et al. 2012, Hawley and Leasure 2012, Hawley 
et al. 2012). This difference may be related to different regulation of brain derived 
neurotrophic factor (BDNF), which has been linked to neurogenesis, to depression 
and to the DH/VH disparity (Roth et al. 2011). Furthermore, stress-induced memory 
impairments involve different steroid receptors in DH and VH (Dorey et al. 2012), 
and stimulation of the VH ameliorates fear memory (Cleren et al. 2013). Also, exer-
cise facilitates recovery from stress-induced protein synthesis decline in VH (Dan-
iels et al. 2012). Finally, the VH is more sensitive to redox dysregulation than the 
DH, and the difference is reflected in GABAergic interneurons as well as electrical 
activity (Steullet et al. 2010).

These and other studies indicate that the DH and VH may react to stressful stim-
ulation in a different manner, and thus, a careful analysis of the direct effect of stress 
and corticosterone in the VH and DH is justified.

8.4 � Corticosteroid receptors in the regulation 
of hippocampal LTP

The identification of the molecular cascades of corticosteroids actions in the brain 
resulted in a series of studies examining the role of corticosterone in neuronal plas-
ticity as well as in the cellular mechanisms underlying learning and memory such 
as long-term potentiation (LTP) and long-term depression (LTD) (Bliss and Collin-
gridge 1993). Initial studies indicated that induction of LTP in the hippocampal area 
CA1 is impaired in a rat exposed to behavioral stress, such as inescapable shock 
(Foy et  al. 1987; Shors et  al. 1989). Administration of high doses of corticoste-
rone either in vivo (Diamond et al. 1992) or in vitro (Pavlides et al. 1996; Alfarez 
et al. 2002) mimicked this effect, indicating that corticosterone is likely to mediate 
this action of stress. Specifically, corticosterone-induced impairment of LTP seems 
to be due to the activation of iGR, which depresses NMDA receptors (Calabrese 
et  al. 2012) and NMDA-dependent LTP (Krugers et  al. 2005) (Fig.  8.1b). Con-
versely, it was also shown that LTP could be enhanced in the presence of low-to-
moderate concentrations of corticosterone, while in absence of corticosterone LTP 
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induction was impaired (Diamond et al. 1992). These studies show that the effects 
of corticosteroids on LTP induction are dose-dependent and follow an inverted 
U-shaped curve (Fig. 8.1) (Diamond et al. 1992; Joels 2006).

Further studies, however, have presented a more complex view on the effects of 
steroid hormones on synaptic plasticity. Specifically, it seems that the same dosage 
of corticosterone that impairs NMDA-dependent LTP can in fact enhance VGCC-
dependent LTP (Krugers et al. 2005). This species of LTP is found in the amygdale 
where it is believed to underlie the formation of fear memories (Blair et al. 2001; 
Bauer et al. 2002) and can be evoked in the hippocampus as well (Borroni et al. 
2000) (Fig. 8.1b). Interestingly, in the hippocampus, corticosterone appears to en-
hance VGCC LTP through an iGR-dependent mechanism (Krugers et al. 2005). It 
has been proposed that this effect requires a genomic pathway, as it occurs after a 
long delay between the exposure to stress and/or corticosterone and the recordings 
(Krugers et al. 2005), thus probably depending on the binding of GR homodimers 
to DNA that causes an increase in calcium currents (Karst and Joels 2005; Chameau 
et al. 2007). Recent data from our group have shown that MRs are also able to en-
hance VGCC LTP (Maggio and Segal 2007b): either stress or physiological concen-
trations of corticosterone can enhance LTP in the VH, while inhibiting it in the DH 
(Maggio and Segal 2007b). In particular, corticosterone enhances LTP through MRs 
since a selective MR agonist, aldosterone, shares the same effect in the VH (Maggio 
and Segal 2007b). The proposed mechanism excludes an interaction between MR 
and NMDA receptors, as aldosterone by itself does not increase NMDA-dependent 
synaptic potentials (Maggio and Segal 2007b). Conversely, MR-induced LTP can 
be blocked by nifedipine, suggesting that VGCCs are likely responsible for this ef-
fect (Maggio and Segal 2007b) (Fig. 8.1b). It is likely that MR activates VGCC by 
modulating ionic conductances or changing VGCC activation kinetics. In vivo ex-
periments have shown that MR activation is able to increase LTP in the DH as well 
(Avital et al. 2006). Specifically, animals which were injected with a GR antagonist 
prior to the stressful exposure, such that only MR could be activated by stress, show 
a much larger LTP than controls. In contrast, those animals previously injected with 
an MR antagonist and then exposed to stress, allowing only GR activation, show 
a much lower LTP than controls (Avital et al. 2006). These recordings were per-
formed in the DG and even though there could be differences in the effects of stress 
and steroids between the DG and CA1 (Joels and Krugers 2007), MRs were still 
shown to mediate an enhancement of LTP.

These experiments raise several issues. It could be argued that the experiments 
in the VH were conducted using an in vitro preparation where ambient corticos-
terone maintained normally through the circulation is washed out. Consequently, 
MRs are not occupied in the slice, and are ready to be activated by the superfused 
drug and produce LTP enhancement in the VH. This might not reflect the situation 
in the intact animal, where the brain is constantly exposed to fluctuating concen-
trations of corticosterone. In fact, MR should be already saturated by the resting 
concentration of corticosterone and should not respond to the stress-induced rise of 
corticosterone in the presence of a GR blockade. This, however, does not seem to 
be the case (Avital et al. 2006). Furthermore, even though both MRs and GRs are 
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expressed in the VH, corticosterone action is mediated by activation of MR rather 
than GR. This reflects the observation that in the VH, MR concentration is double 
that of GR (Robertson et al. 2005). If so, according to the U-shaped curve model 
of corticosterone effects, MR should be saturated faster by the rising concentration 
of corticosterone and their effect should fade away faster in favor of the slower GR 
activation. This is in contrast with the experimental evidence. Altogether, it seems 
that the simple, dose-dependent, inverted U-shaped curve does not fully explain the 
modulatory functions of MR and GR on LTP in the different sectors of the hippo-
campus, therefore calling for the involvement of other factors.

A possible mechanism that may clarify the MR-dependent enhancement of LTP 
should take into consideration the activation of mMR (Fig. 8.1). These receptors 
act through a faster mechanism (de Kloet et al. 2008) and have lower affinities for 
corticosterone compared to their intracellular cognates (Joels 2008) and similar to 
that of the iGR (Joels 2008). In addition, MR activation enhances LTP in the VH 
within 1 h, too short time window to be accounted for by activation of genomic 
mechanisms (Joels and Krugers 2007; Joels 2008), but compatible with the faster 
time course of the nongenomic routes. Thus, mMR could be the preferential target 
for rising concentrations of corticosterone in the VH if one takes into account the 
similar affinities for corticosterone between mMR and iGR, and the denser distribu-
tion of the former over the latter (Robertson et al. 2005) (Fig. 8.1a, b).

MRs are likely to enhance LTP through activation of VGCC. In our experiments, 
we could not detect any effect of iGR on VGCC LTP. This could most likely be due 
to the shorter time window of observation in our experiments compared to those 
done by others (Krugers et al. 2005). In any case, both MR and GR were reported 
to increase VGCC LTP (Krugers et al. 2005; Maggio and Segal 2007b). This appar-
ent contrast could probably be explained by considering the different time courses 
of MR and GR enhancement of VGCC LTP. Specifically, MR has an earlier effect 
than GR and it could be that in the VH stress mediates a fast enhancement of LTP 
by MR followed by a second, slow increase in LTP due to GR activation. This pro-
posal is compatible with the proposed role of the VH as a key player in the pathway 
that conveys stressful information to the hypothalamus and the amygdale so as to 
organize the stress response (Fig. 8.2) (Moser and Moser 1998; Maggio and Segal 
2010; Segal et al. 2010).

8.5 � Corticosteroid regulation of hippocampal functions

The regulation of LTP by corticosterone in the hippocampus has profound system 
implications. Following stress, the quick MR-mediated increase in LTP facilitates 
the flow of the information related to stress from the VH to the ventral hypothala-
mus and other lower brain centers, so that the autonomic response to stress can be 
organized. Later on, the MR-mediated response fades away and the effect of GR 
dominates. As previously mentioned, GR enhancement of VGCC LTP has been 
shown to have a role in the formation of fear memories in the amygdale (Blair et al. 
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2001; Bauer et al. 2002). In this respect, GR could play the same function in the VH: 
the formation of the memory for the stressful event at the VH-amygdala pathway. 
Indeed, the evidence that MR and GR act on the same mechanism can have differ-
ent purposes due to the time window of the respective outcomes that take place. 
Considering this, it could be interesting to study the relationship between the MR 
and GR responses in the VH.

In the DH, the reduction of LTP is likely to be mediated by GR (Maggio and 
Segal 2007b). This effect seems to occur in less than 1 h, a relatively quick response 
that is unlikely to be mediated by a genomic mechanism. GR could reduce NMDA-
mediated LTP either by a direct or an indirect mechanism. As far as it concerns the 
indirect mechanism hypothesis, we have demonstrated that a GR agonist, dexameth-
asone, increases IPSCs and mIPSCs amplitude in the DH within 10 min (Maggio 
and Segal 2009a, 2012), consistent with the possible activation of mGR. Therefore, 
the increase in GABAA conductance could hyperpolarize the membrane, thus pre-
venting the cell from reaching the threshold of depolarization that unlocks NMDA 
receptors from the Mg2 + block (Fig. 8.1b). All in all, our experiments indicate that 
GR affect LTP through a fast, probably nongenomic mechanism. Even though this 
hypothesis needs to be explored further, the fast suppression of LTP in the DH can 
underlie the switch in the weight between the DH and VH; by reducing DH LTP 
and simultaneously enhancing LTP in the VH, the stressful stimuli could temporar-
ily suppress the cognitive route of the hippocampus to cortical structures and enable 
the transmission of the emotional information through the VH to the amygdala.

Fig. 8.2   Summary diagram of the main corticosterone effects in the hippocampus, there are intra-
cellular mineralocorticosterone receptors ( iMR), membrane mineralocorticosterone receptors 
( mMR), and the same for glucocorticosterone receptors ( GR). Each receptor type has specific 
effects on the ability of CA1 neurons in the hippocampus to undergo long-term potentiation ( LTP) 
in response to afferent stimulation. MR mineralocorticoid receptors, IPSC inhibitory postsynaptic 
currents, LTD long-term depression, VGCC voltage-gated calcium current, mGluR metabotropic 
glutamate receptor, iGR intracellular glucocorticosterone receptors, NMDAR N-methyl-D-aspar-
tate receptor, mGR membrane glucocorticosterone receptor
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Conversely, LTD induction is facilitated by behavioral stress, through a mecha-
nism that requires GR (Pavlides et al. 1995; Xu et al. 1997; Xu et al. 1998) and 
their effect on NMDA receptors (Kim et al. 1996; Yang et al. 2005). We replicated 
previous experiments where both stress and corticosterone facilitate LTD through 
a GR-dependent mechanism in the DH, but we have also shown that LTD is im-
paired in the VH through a MR-dependent mechanism (Maggio and Segal 2009b). 
Specifically in the latter case, LTD is transformed into a slow-onset LTP following 
the exposure to stressful stimulation (Maggio and Segal 2009b). As is the case for 
LTP, changes in LTD either in the DH or VH were observed at approximately 1 h 
after the exposure to the stress, a time window that could be compatible with non-
genomic mechanisms. The MR-induced conversion of LTD to LTP in the VH could 
be due to the activation of VGCC, which will further facilitate the ventral route to 
the amygdale (Fig. 8.1b). Group I mGluR have been shown to enhance LTD in CA1 
(Fitzjohn et al. 2001; Rammes et al. 2003), but, interestingly, they have been re-
ported to induce a slow-onset potentiation in the DG (Manahan-Vaughan and Rey-
mann 1996). In a previous study, we showed that, in the VH, application of DHPG, 
a group I mGluR agonist, increases the population spike amplitude in response to a 
baseline stimulation (Maggio and Segal 2007a). Taken together, these observations 
suggest that in the VH, a decrease in GABAergic inhibition can shift LTD to a slow-
onset LTP through a group I mGluR-mediated mechanism (Fig. 8.1b).

Corticosteroid regulation of synaptic plasticity in the hippocampus is affected 
by several factors. An inverted U-shape effect of corticosterone mainly refers to the 
activation of intracellular corticosteroid receptors and does not count the contribu-
tion of membrane-bound steroid receptors. In fact, mMR, which bears a similar 
corticosterone affinity to that of iGR, will be activated at similar steroid concentra-
tions. This implies that the effect of mMR appears earlier than that of iGR, thus 
inducing an enhancement of LTP instead of LTD. This might be the case in the VH. 
An additional factor to be considered is the distribution of MR and GR in specific 
brain areas, and the ratio of membrane-bound to intracellular receptors expressed 
therein. This is because at the same affinity value for corticosterone concentration, 
the receptor that is highly expressed will lead the effects on synaptic plasticity. An-
other issue that has to be considered is the clusters of brain areas that are involved 
in a particular stress situation. Various brain regions have specific properties and 
are incorporated into unique networks, so that even if corticosterone evokes the 
same effect at the single cell level, this would not always result in the same effect 
on network functions such as LTP. For instance, both CA1 pyramidal neurons and 
granule cells in the DG highly express MR as well as GR (Joels 2007, 2008). In the 
DH, corticosterone and stress consistently suppress the induction of CA1 LTP in 
vivo and in vitro, unlike the case for the DG. High concentration of corticosteroid 
(Pavlides et al. 1993) or tail shocks (Shors and Dryver 1994) can indeed suppress 
LTP; however, in other situations, either no effect (Bramham et al. 1998; Gerges 
et  al. 2001; Alfarez et  al. 2003) or enhancement of LTP has been reported (Ka-
vushansky et al. 2006). This is because LTP in the DG seems to be more dependent 
on indirect inputs from the amygdale (Akirav and Richter-Levin 2002; Kavushanski 
et al. 2006, Kavushanski and Richter-Levin 2006). Finally, the response to a stressor 
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is also determined by the history of the organism. For instance, the induction of LTP 
is impaired in animals that have been exposed to repetitive stress in the weeks prior 
to the experiment, even if corticosterone levels, at the time of LTP induction, are 
compatible with the expression of a normal LTP (Alfarez et al. 2003). Studies on 
the effect of maternal care on synaptic plasticity report that animals that received 
very little maternal care have poor LTP when they are adult, as opposed to animals 
that received high maternal care (Champagne et al. 2008). Interestingly, while LTP 
is suppressed by corticosterone in the latter group, it is enhanced in the former 
(Champagne et al. 2008).

Long-term effects of stress can produce changes in hippocampal morphology, 
in addition to an immediate effect on ability to express LTP. For example, Silva-
Gomez et al. (2012) found that chronic (5 days) exposure to dexamethasone, a GR 
agonist, caused a significant reduction in dendritic spine density, primarily in the 
VH, which was also associated with a shrinkage of dendritic length in these neu-
rons. Thus, the VH appears to be more susceptible to stress than the DH. Another in-
teresting recent difference between DH and VH is in the effects of corticosterone to 
increase serotonin neurotransmission. Once again, this effect is restricted to the VH 
(Barr and Forster 2011). Likewise, it has been shown before that physical exercise 
can counteract the effect of maternal separation. Once again, enhanced locomotion 
in this experiment has a significant effect to increase synaptic markers only in the 
VH (Hescham et al. 2009).

Finally, a recent study describes a differential effect of acute stress on glutamate 
receptors in the DH and VH: while acute stress causes a reduced glutamate synap-
tic efficacy in the prefrontal cortex and the DH, it causes an augmented glutamate 
receptor activity in the amygdala and VH (Caudal et al. 2010). This observation 
complements our proposal for a stress-induced shift in hippocampal control from 
the DH to the VH (Fig. 8.2). Whether the primary effect of stress is mediated by 
modulation of the excitatory or the inhibitory synaptic tone in the two sectors of the 
hippocampus remains to be determined, but evidence for both possibilities has been 
presented recently. On the other hand, Marrocco et al. (2012) describe a reduction 
in glutamate release in VH following prenatal stress. Whether these results are con-
gruent with the previous ones remain unclear. These actions may have to do with 
differences in mode of induction of stress, age of the animals, different receptor 
distribution, but may also reflect difference in intrinsic properties of the VH neurons 
compared to the DH counterparts.

8.6 � Summary

All in all, corticosteroid modulation of synaptic plasticity in the hippocampus 
seems to be more complex than previously thought. Additional factors related to 
the unique spatio-temporal organization of the hippocampus, the different subsets 
of receptors and intrinsic properties of neurons in the different sectors and their 
connectivity with the rest of the brain are critical in finalizing the role of stress 
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in neuronal plasticity. Furthermore, the definition of the borders of the VH is not 
precise, and different studies range from the bottom half of the hippocampus, to the 
bottom 1/5th of it. Likewise, stress is defined differently in different studies, and it 
may cause different levels of transient and sustained elevation of corticosterone, 
which may affect the observed estimation of the role of stress in neuronal plasticity. 
Thus, a careful evaluation of the regions and specific neurons tested, the behavioral 
and physical parameters tested and the time course of expected effects should allow 
a more reliable progress in the understanding of the role of ‘stress’ in neuronal plas-
ticity. As it may turn out, there may be more than two hippocampi in one structure, 
and the possibility of three has been proposed recently (Fanselow and Dong 2010). 
Further studies will elucidate these issues with respect to hippocampal functions.
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