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1. SUMMARY 

The hippocampus (HPC) and prefrontal cortex (PFC), two critical brain regions which 

support several basic brain functions, are essential for our daily life. For instance, as 

one of the most important brain functions, the memory process has been 

demonstrated to be correlated to both HPC and PFC. By remembering (memory 

consolidation) and recalling (memory retrieval) the episode we experienced before, 

the memory process guides our current life. Considering their contribution to memory 

and the anatomical connections between them, the interaction between PFC and 

HPC has drawn a lot of attention and there is an increasing number of studies talking 

about the PFC-HPC interplay. However, the mechanism of the PFC-HPC interaction 

still remains relatively unclear by now. 

The cross-regional coordination between spatially-distributed brain structures must 

rely on the direct/indirect anatomical connections. In rodents, while the direct 

connection between medial prefrontal cortex (mPFC) and HPC have already been 

elaborately studied, the indirect mPFC-HPC communication through the nucleus 

reuniens (RE) has not yet been well understood. In thesis, we aimed to investigate the 

role of RE in the mPFC-RE-HPC circuit. We first studied the RE contribution to the 

spatial memory process in a crossword maze task. By temporarily inactivating RE with 

muscimol injection, we revealed the important role of RE in spatial memory retrieval 

and/or ñonlineò processing of spatial memory. Next, we performed multi-site recording 

in mPFC, RE and HPC in freely-moving rats. We observed the synchronization 

between RE and mPFC, between RE and HPC in high gamma frequency range. 

Moreover, we found a strong RE-HPC cross-frequency coupling around the high 

gamma synchrony event, which could be correlated to the memory demand. In the 

end, it was revealed that all nodes of mPFC-RE-HPC circuit could synchronize in high 

gamma range, during which the cross-frequency coupling between RE and HPC was 

significantly stronger. To summarize, the current work sheds light on the RE 

contribution to mPFC-HPC interaction and reveals the potential mechanism for mPFC 
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and HPC to communicate/coordinate indirectly. 
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2. SYNOPSIS 

2.1 Introduction 

2.1.1 Functional Interaction between mPFC and HPC 

Since the finding of patient H.M., the importance of hippocampus (HPC) in memory 

processing has been demonstrated and emphasized by numerous studies1-6. Besides, 

the finding of place cells in hippocampus revealed the key role of hippocampus in 

spatial navigation7. The importance of these hippocampus-dependent brain functions 

places the hippocampus in a critical position in human daily life and makes it one of 

the most important research objects in modern neuroscience. Another brain region 

that is absolutely critical for adaptive behavior and many cognitive functions is the 

prefrontal cortex8. The medial prefrontal cortex (mPFC) in rodents is one of the most 

studied brain regions in the context of the mechanism of executive control. It has been 

shown that mPFC plays a critical role in a number of cognitive functions including 

decision making and working memory9-14. Considering the common functions which 

rely on both HPC and mPFC, it is natural to hypothesize that these two areas can 

work interactively to enable specific brain functions. Indeed, the interaction between 

mPFC and HPC has been found to contribute to memory and spatial navigation. The 

mPFC and HPC mainly interact in a form of synchronization of neuronal activity. For 

instance, Jones and Wilson revealed an enhanced phase-locking of mPFC spikes to 

HPC theta and also strong theta coherence between mPFC and HPC when the 

working memory was supposed to be recruited15. The mPFC-HPC task-specific 

interactions were observed by Benchenane and colleagues16, there was enhanced 

theta coherence between mPFC and HPC at the choice point when rats were trained 

to learn new rules on maze. The mPFC neuron firing phase-locked to the HPC theta 

was also observed by17. Besides the theta-mediated interactions, in a recent work by 

Tamura et al.18, the theta-gamma cross-frequency coupling between HPC and mPFC 

during spatial working memory task was also studied and this coupling was found to 

become stronger when the task difficulty increased, suggesting the role of 
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HPC-mPFC coupling in supporting the animalôs performance in the task. Although the 

importance of mPFC-HPC interaction has been relatively well established, it is still not 

clear enough how these two distant brain areas coordinate with each other. Evidently, 

the functional interaction between mPFC and HPC must rely on anatomical 

connections.  

2.1.2 Anatomical Basis for mPFC-HPC Interaction 

The mPFC and HPC can be connected via direct and indirect pathways. There is a 

dense projection arising from the ventral HPC and terminating in the ventral 

mPFC19-21. This direct hippocampal projection to mPFC has been demonstrated to 

contribute to the spatial memory encoding22. The inactivation of this projection 

impaired the ratsô performance in a spatial working memory task while spared 

memory consolidation and memory retrieval functions. The direct projection from the 

mPFC to HPC was unknown until very recently. A sparse projection from the mPFC 

(anterior cingulate cortex) directly to HPC (CA1 and CA3) was found and this sparse 

projection could affect spatial memory retrieval23. Considering the importance and 

complexity of cognitive processes that rely on the mPFC-HPC interaction, it is natural 

that the circuit underlying mPFC-HPC interaction likely involves other brain areas. A 

candidate structure mediating mPFC-HPC interactions via indirect pathways is the 

midline thalamic nucleus reuniens (RE). RE is reciprocally connected with both mPFC 

and HPC and therefore was suggested to be a hub for linking the mPFC and HPC 

indirectly19,24-28. The RE projects densely to the ventral and dorsal HPC and forms 

terminals in the stratum lacunosum moleculare of CA1, meanwhile the ventral 

subiculum has dense projection to caudal RE. In addition, the RE has strong 

connections to all sub-regions of mPFC. Strikingly, some RE neurons were found to 

project to mPFC and HPC, simultaneously26,27. Besides the RE, the entorhinal cortex 

(EC) was also found to connect to both mPFC and HPC. Interestingly, EC29,30 is also 

the main target of RE and the RE projections to EC and HPC were found to arise from 

different neuron populations 31, indicating that RE may affect the interplay between 

mPFC and HPC through multiple indirect pathways. The RE electric stimulation was 
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found to induce subthreshold excitation in pyramidal neurons and supra-threshold 

excitation in putative interneurons in CA132, while the excitation in mPFC could also 

be elicited by RE stimulation33. The above findings further support the hypothesis that 

the RE may be a functional link between the mPFC and the HPC.  

2.1.3 RE Contribution to Memory Process 

As mentioned above, the RE is thought to be a putative node for coordinating 

activity in both mPFC and HPC and may play an important role in different cognitive 

functions which depend on the mPFC-HPC interaction. As a midline thalamus nucleus, 

RE receives diverse projections from many brain areas, mainly from limbic/limbic 

associated structures24. Meanwhile, the main targets of RE projections have been 

demonstrated to be the hippocampus and limbic cortical areas30. The research on the 

role of RE for cognition is largely limited lesion or RE inactivation studies, while 

physiological recordings in RE remain extremely rare. For example, it has been 

shown that the RE contributes to impulsive activity inhibition34 or to task performance 

strategy shifting35. It was found that the lesion of RE affected performance in a spatial 

memory task, but not in tasks that rely on sensory guided responding or sequence 

learning36. Consistently, temporary RE inactivation affected spatial working 

memory37,38. A recent work by Ito et al. revealed that RE spikes were phase-locked to 

HPC theta during a working memory task39. Hallock and colleagues found that the 

temporary RE inactivation affected the phase-locking and theta coherence between 

mPFC and HPC40. Recently, the RE was found to contribute to dopamine release in 

the ventral tegmental area; the latter could be an indirect way for RE to affect 

performance in various reward motivated tasks41. 

We now review a few most critical studies. Loureiro et al.42 carefully investigated 

the RE contribution to recent and remote spatial memory  was. I First, they trained 

rats a in the Morris water maze and performed the immediate early gene imaging 

(c-Fos) at a short (5 d) and long (25 d) delay after learning. They found that the c-Fos 

expression was dramatically increased in RE at long (but not short) delay, suggesting 

a potential contribution of RE to the long-term memory consolidation. The RE was 
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then permanently lesioned and rats were trained in the same water maze. After RE 

lesion, rats were able to learn the spatial task and no deficit was observed when rats 

received a probe test 5 days later after the task acquisition. However, when tested 25 

days later, the ratsô performance was significantly affected and there was no sign of 

previously acquired spatial memory trace. Intriguingly, reversible RE inactivation 

during the probe test at 5 d or 25 d delay caused no behavioral deficit. These findings 

clearly revealed the RE contribution to long-term spatial memory consolidation while 

no critical role of RE for memory retrieval was evident.   

Recent study by Xu and colleagues demonstrated that RE is critical for fear 

memory generalization43. Specifically, in this study animals were fear conditioned in 

one chamber and then tested in a similar but altered chamber. Freezing behavior 

(expression of fear memory) in two chambers was then compared. By specifically 

inactivating the mPFC projection to RE or directly inactivating the RE projections 

using optogenetic method, an over generalization of fear memory was observed, that 

is the animals could not efficiently discriminate the two different chambers and 

showed strong freezing behavior in both the training and the altered chamber. Authors 

of this study proposed that mPFC-RE-HPC circuit contributes to memory 

generalization. They suggested specific directionality of signal flow within this circuit. 

Motivational and emotional aspects of the memory from the mPFC is transferred to 

the RE then conveyed to the HPC. Eventually the signal in HPC is transmitted back to 

mPFC for memory generalization. It was hypothesized that fear memory 

generalization is supported by the mPFC-RE-HPC circuit by RE regulating excitation 

of HPC remapping, which in turn, makes  óremappingô process more efficient when 

similar memory is encoded in HPC. . 

A similar idea about the direction of information flow within the mPFC-RE-HPC 

circuit was also suggested by Ito44. Ito and colleagues recorded spiking activity in the 

mPFC, RE and HPC and found trajectory-specific firing in all three brain regions. 

When the animals were navigating on the central arm of a modified T-maze, neurons 

showed different firing rates on the left- and right-turn trajectories. This trajectory 

preference of neuronal activity was found in all three brain areas. The lesion and 
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inactivation of RE dramatically reduced the trajectory-specific firing in CA1. It was 

suggested that the indirect mPFC projection to HPC via RE may play a critical role in 

representing the future path in the goal directed behavior. Intriguingly, although the 

trajectory-specific firing in CA1 was impaired, the ratôs performance was not affected 

by the RE inactivation/lesion. It was suggested that, in a simple alternation task, the 

trajectory information that is presumably stored in the mPFC may reach other critical 

brain regions without passing through the HPC. This explained why the ratôs 

performance was intact event under RE inactivation. It was also shown that the RE 

processing and the directed information transfer might become critical under 

conditions when the trajectory information in the mPFC had to be combined with 

information about acute location in the HPC. Although Xu et al., and Ito et al. studies 

focused on different cognitive aspects of brain functions, they both emphasized the 

importance of indirect mPFC projection to HPC via RE and that the RE may play a key 

role in relaying the information. Moreover, Ito and colleagues also proposed that the 

importance of this circuit may vary with different cognitive load. The above reviewed 

studies inspired us to use a relatively complex task to address the role of RE in 

consolidation and retrieval of spatial memory. 

2.2 Thesis Overview 

In this thesis, we aim to: 

1) define the time window when the RE contributes to information processing and 

memory storage; interaction;  

2) identify the type of cross-regional coordination of neural activity underlying complex 

navigation behavior and spatial decision making.   

We first investigated the involvement of RE in spatial memory consolidation and 

retrieval using a complex maze task by transiently inactivating the RE at different 

phases of leaning. (A.1). Based on our results, we designed the second study for this 

thesis (A.2). We recorded electrophysiological activity in three brain regions and 

focused on the cross-regional interactions during spatial navigation.  

2.2.1 Part one (A.1): RE contribution to spatial memory process 
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We tested the hypothesis that RE may be critical for consolidation of spatial memory. 

To this end we conducted a behavioral experiment and used conventional 

pharmacology method to transiently inactivate the RE by local injection of muscimol. 

We designed a reward-motivated task on a complex crossword maze. Rats were 

released from one of the two start locations and had to find the reward location 

following a complex maze trajectory consisting of 6/7 right or left turns. Two 

extramaze cues were fixed on a black curtain surrounding the maze. Inside the maze, 

several barriers blocked access to specific maze sections leaving 4 or 6 decision 

areas where animals had to select a particular path. For the first five training sessions 

(day1-day5), the microinjection of muscimol was performed immediately after the 

training. On day 6 and day 7, muscimol was injected before the training session. From 

day 8, rats were given 20 days long óforgettingô period during which no training took 

place and rats were kept in their home cages. On day 30, rats were tested again on 

the maze task without any microinjection.       

We found that the post-learning inactivation of RE did not affect learning of the 

spatial task, which is consistent with previous studies. In contrast, muscimol injection 

into RE before the probe test dramatically impaired the ratsô performance during the 

entire training session without affectingratsô locomotion. The significantly increased 

error numbers indicated a deficit in retrieving the obtained spatial memory and 

suggested a critical role of RE for óon-lineô memory process, which is the memory 

retrieval and memory reconsolidation. This finding seems to be different with the study 

by Loureiro et al42 in which the pre-test inactivation of RE in the Morris water maze 

task did not affect the animal performance. The probe test on day30 did not reveal any 

difference between groups, suggesting that post-learning RE inactivation did not 

affect the system level memory consolidation.  

2.2.2 Part two (A.2): Synchronization/coupling between RE and 

mPFC/HPC  

After showing the critical contribution of RE activity to spatial memory retrieval tested 

in a complex maze, we further investigated the neurophysiological mechanism 
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underlying this phenomenon. We hypothesized that the RE may support coordination 

between the mPFC and HPC. We performed LFP recordings in the mPFC, RE and 

HPC while rats performed the same spatial task as in the study A.1. Based on the 

results of According to the finding in our first study (A.1), we mainly focused on the 

óon-lineô information processing, that is, a period when rats were navigating on the 

maze.  

To characterize cross-regional interactions we first applied independent 

component analysis (ICA) to study if there is a cross-frequency coupling between the 

RE LFP oscillations and theta oscillations in the hippocampus. The ICA analysis 

revealed that power of high gamma (60-120 Hz) oscillation in the RE LFP was 

strongly correlated with HPC theta oscillation. We next calculated the pair-wise 

gamma synchrony between the RE and mPFC LFP and RE and HPC LFP and 

detected high gamma synchrony event (HGS event). We then examined spatial 

distribution of HGS events in the maze and did not observe any specific pattern of 

HGS event occurrence. We next compared the amplitude and duration of HGS 

eventbefore the correct and incorrect choices and found no difference For more 

detailed analysis, we combined the gamma synchronization analysis and 

cross-frequency coupling. Specifically, we used the times of HGS event as triggers 

and studied the phase-amplitude coupling between the RE and HPC around the HGS 

event. We found that, for the HGS event from both mPFC-RE and HPC-RE pair, 

incorrect choices were preceded by stronger coupling between the RE and HPC 

compared to the coupling strength before correct choices. The difference in 

cross-regional coupling strength around HGS event may reflect the level of animal 

uncertainty at the maze crossing and therefore is indicative for the efficiency of 

memory retrieval. We then compared the strength of RE-HPC coupling on the maze 

sections along the correct trajectory and on the maze segments outside the correct 

trajectory. Stronger HGS (both pair) event-triggered RE-HPC coupling accompanied 

rat traversing incorrect maze segments. This observation suggests that the RE-HPC 

coupling increase with the increase of memory/cognitive demand. When animals 

deviated from the correct trajectory, to return to the correct path they may need to 
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integrate previously acquired information (memory retrieval) and current spatial 

information (spatial orientation) , which is evidently cognitively more demanding. Thus, 

stronger functional interactions between the RE and HPC may reflect this cognitive 

effort.   

The gamma synchrony events detected from one LFP signal pairs (e.g. 

mPFC-RE) could co-occur with the gamma synchrony event detected from another 

signal pair (e.g. HPC-RE). Co-occurring HGS events will be further referred as Co 

even and the HGS events occurring within each signal pair non-synchronously will be 

referred as Nonco event. For each LFP signal pair and according to the HGS event 

type used as trigger, we further split the HGS event-triggered RE-HPC coupling into 

two groups (Co and Nonco group). On the incorrect maze segments, the Co 

event-triggered cross-reginal coupling was stronger for both LFP signal pairs 

(mPFC-RE and HPC-RE), comparing to the Nonco group. This finding suggests a 

possible mechanism for cross-talking between all three nodes in the mPFC-RE-HPC 

circuit. The difference in coupling strength between the Nonco events in mPFC-RE 

and HPC-RE pair further supported the hypothesis that when it is necessary, the 

memory-related information may be transferred from mPFC via RE to HPC.    

2.3 General Discussion 

The midline thalamic nuclei including the RE belong to so called ónonspecificô 

thalamus 45,46. Since recently, the RE started  drawing attention due to the reports 

about its involvement in higher-order brain functions like fear memory generalization 

and working memory. The RE was suggested to contribute to memory processing by 

its functional integration into memory supporting mPFC-HPC network36-38,43. The 

results of the first study of this thesis are consistent with previous studies. We have 

demonstrated that the RE does not appear to play a critical role during óoff-lineô phase 

of memory consolidation as its inactivation after learning did not affect the learning 

efficiency of a spatial task In contrast, RE inactivation before the task caused a 

significant deficit during óon-lineô phase of learning (processing of current spatial 

information and/or spatial memory retrieval). At first glance, our findings appear to 
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contradict to previous studies that emphasized the importance of RE for memory 

consolidation. Earlier studies also did not indicate the RE contribution to memory 

retrieval42. However, this discrepancy in the results could be due to the use of different 

learning tasks. It has been demonstrated that the Morris water maze (MWM) task, 

which was used in Loureiroôs study, is hippocampus-dependent, but does not critically 

engage the mPFC Moreover, memory retrieval in MWM task was found to require the 

PFC for the retrieval of remote  (25-30d after learning), but not for recent memory 

retrieval (1-5d). This task-dependent effect was also observed when the RE 

contribution was compared in the spatial memory task that only depends on the HPC 

or in the task that depends on both mPFC and HPC38. In another study by Cholvin et 

al., RE was inactivated in different spatial tasks and its involvement was found to be 

cortical only in the task which depends on both mPFC and HPC35. The mechanism 

behind the differential RE involvement in different cognitive situations remains to be 

understood. The most consistent effects that are observed in situation when both the 

mPFC and HPC are simultaneously recruited during the task performance further 

support the idea that the RE contributes to the mPFC-HPC interaction.  

The population synchrony in gamma range between distant brain areas has been 

suggested to be a plausible mechanism underling cross-talking between brain areas a 

constituting functional network. The gamma oscillations are thought to represent local 

neural activity and reflect activation of both local excitatory and inhibitory networks47-49. 

The gamma synchrony between two brain regions could reflect coordinated 

excitation-inhibition state within each local area opening transient communication 

windows for interplay and information transfer between two or more brain regions 

forming a functional network. In addition, cross-regional gamma synchronization can 

make inter-regional communication more efficient50. Thus two brain structures 

synchronized in the gamma range could be in a fine window which makes the 

cross-talking possible and they can affect each other more efficiently. Besides gamma 

synchronization, cross-frequency coupling between within and also between brain 

regions has been suggested as another mechanism for information processing. For 

example theta-gamma coupling has also been described for other brain areas18,51,52. 
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Transient increases in gamma power may represent specific units of information. 

Phase coupling of gamma transients (at different phases of a single theta cycle) may 

organize multiple information units in a temporal pattern.   

In line with previous studies, we observed gamma synchronization within the 

circuit formed by the mPFC, RE and HPC. Using the HGS event as trigger, we have 

demonstrated that stronger gamma-theta coupling between the RE and HPC occurs 

before incorrect choice in the maze and also during navigation outside the correct 

path. In addition to detecting a pairwise (between two LFP signals) gamma 

synchronization that reflects crosstalk between the two brain regions (e.g. mPFC-RE 

or HPC-RE), we also detected joint gamma synchronization within the entire 

mPFC-HPC-RE circuit (or Co-event). Concurrent gamma synchrony within mPFC-RE 

and HPC-RE may further indicate a network state when all nodes of the circuit are 

activated and the information transfer is possible. Stronger gamma-theta coupling 

between the RE (gamma) and HPC (theta) occurring around Co event further 

supports the idea that the synchronization within the entire circuit could facilitate 

communication within functional network 51-53.  

 A relatively dense direct projection from the ventral HPC to ventral mPFC has 

been known since long time ago and only recently a sparse projection from the mPFC 

to HPC has been described23. It is natural to hypothesize that the RE could mediate 

mPFC-HPC communication via indirect pathways. In the study by Xu et al.43, it was 

shown that the inactivation of mPFC projection to RE affected fear memory 

generalization and the authors suggested that information flow from the mPFC to 

HPC via RE could be critical for fear memory consolidation. Ito et al.44 proposed that a 

copy of spatial memory trace may be transferred from the mPFC via RE to HPC. The 

transferred information from the mPFC would be then integrated with the current 

spatial information encoded in the HPC. The results of our second study (manuscript 

in preparation) also support the idea of directed information flow. The instances of 

RE-HPC coupling around co-occurring and nonco-occurring mPFC-RE HGS event 

had some similarities. Intriguingly, around nonco-occurring HPC-RE HGS event, high 

frequency oscillations in the RE LFPs which strongly coupled with the HPC theta 
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cycles were missing. The phase-amplitude coupling around Nonco event for 

mPFC-RE and HPC-RE LFP signal pairs further supports the potential information 

flow from the mPFC to HPC, through RE. The successful information transfer from the 

mPFC to RE could be the first step of the memory retrieval and it is successive 

transfer to the HPC would allow integration of the retrieved and acute information 

about spatial environment that would facilitated goal-oriented navigation. This 

plausible scenario could underlie the tight temporal relationships of the RE gamma 

oscillations with HPC theta that are task-dependent; it also explains why such cross 

regional coupling is attenuated during time windows when only two hubs of the 

network (RE and HPC) are synchronized in the gamma range.            

2.4 Conclusion and Outlook 

In this thesis, we first confirmed the critical role of the RE in the spatial memory 

processing. Although the anatomical connectivity suggested the RE as a possible 

modulator of the interactions between the mPFC and HPC via indirect pathways,  

very limited number of studies examined  the role of RE in spatial learning and 

memory. We have demonstrated that temporal RE inactivation significantly impaired 

memory retrieval in rats which had previously learned a complex spatial task. The 

subsequent analysis of population activity in the mPFC, RE and HPC revealed that a 

network state when all critical nodes are synchronized in the high gamma range 

maybe beneficial for successful information flow within this circuit and therefore 

supports memory retrieval and spatial information processing. We propose that within 

the mPFC-RE-HPC circuit, the memory retrieval related information may be 

transferred in a specific direction from the mPFC to HPC through RE, yet this 

prediction needs to be tested.  

Our results expand the current knowledge about the contribution of the RE to 

memory supporting network, but many open questions remain.  For instance, it is 

unknown what drives and coordinates the synchronization of all three brain regions. 

One possibility is that, collateral projections of some RE neurons to both mPFC and 

HPC26,27 may simultaneously broadcast to both brain regions and thus contribute to 
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cross-regional synchronization. Simultaneous activation of local networks as reflected 

by high gamma oscillations facilitates cross-talk within the functional network. Thus, 

the RE neurons projecting to both mPFC and HPC may serve as a pace maker and 

network coordinator. To test this idea, the specific activation/inactivation of these 

neurons should be done in the future studies. Another possibility is that, these three 

brain areas may receive a common input from another brain region.  

In the second study, we correlated cross-regional coupling with behavioral 

variables during ratôs performance of a spatial task. Our result suggested that the 

strength of the RE-HPC cross frequency phase-amplitude coupling can indicate some 

specific aspects of memory processing such as memory retrieval. However, the 

precise mechanism underlying the high frequency oscillation in RE to phase lock to 

the hippocampal theta is still unknown. Dolleman-Van der Weel and colleagues 

suggested that the RE and HPC could also form a sub-loop32, if this RE-HPC loop can 

contribute to the RE-HPC coupling could be an interesting question and should be 

answered in the future. The projections from rostral RE terminate in the 

stratum lacunosum moleculare of CA1 and could induce subthreshold excitation of 

the pyramidal neurons and supra-threshold excitation of putative interneurons. This 

RE contribution to the excitation level in the CA1 may be the mechanism for the RE to 

actively adjust the rhythms in CA1, which in turn, can phase-lock the RE gamma to 

hippocampal theta. Since it has been suggested that the different gamma oscillations 

which lock to different HPC theta phase may represent the sequence of the events, 

this mechanism could also provide a way for RE to transfer the mPFC information to 

HPC. Moreover, the dense projection from the subiculum to caudal RE could be a 

feedback mechanism for the HPC to adjust RE activity and eventually further adjust 

the rhythms in both RE and HPC. In the future, the multi-cite recording in RE, CA1 

and ventral subiculum should be performed. To test the idea that the RE could affect 

the oscillation in HPC, the transient inactivation in RE during the RE-HPC coupling 

could be applied.   

In the end, the potential directed information flow within the mPFC-RE-HPC 

circuit should also be carefully studied in the future. In the thesis, we hypothesized 
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that the RE mainly contribute the information transferring from the mPFC to HPC. To 

test this idea, the activation/inactivation of the mPFC projection to RE should be done. 

If the inactivation of aforementioned projection could abolish/dramatically impair the 

RE contribution, the mPFC could then be considered as the origin of the information 

flow in the mPFC-RE-HPC circuit. 
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4. APPENDIX 

4.1 A.1: The activity of thalamic nucleus reuniens is critical for 

memory retrieval, but not essential for the early phase of 

óoff-lineô consolidation 
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