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ABSTRACT

 

Emotional memory consolidation has been one of the key investigated points in the 

last decade, understanding the underpinnings from its behavior to its molecular background. 

As fear memory consolidation has typically been focused on in research in the past decade, 

giving rise to its behavioral patterns such as freezing in rodent models and understanding of 

sub-cortical structures involved such the Amygdala and its substructures in the moment of 

fear memory and hedonic memory consolidation, social memory which is given an emotional 

salience, has been overshadowed. This study aimed to answer the question of, if it is possible 

to study memory consolidation in a social context at the behavioral level. As the general 

objective was to study how memory is consolidated in a social context, the following specific 

aims of designing a behavioral paradigm to study memory consolidated in a social context, 

measuring memory consolidation, and measuring social preference, were planted. As the 

Pavlovian Condition Approach is applied to fear memory conditioning which analyzes 

behaviors such as avoidance and freezing, and hedonic memory which analyzes behaviors 

such as place of preference, this new behavioral paradigm, based on parameters of both 

Pavlovian fear memory and hedonic memory conditioning, analyzed  memory consolidation 

observed by social preference which was quantified by latency, cumulative time, and 

frequency. In order to analyze these variables, with a remodified open field chamber, a four 

phase a setup was carried out with twelve Sprague Dawley rats. Additionally, a social 

avoidance preference test was used, with a pairing of the original twelve rats and three rats 

separated from the other litters at birth, to understand how memory consolidated in a social 

context, affected sociability with a new conspecific, in the aftermath. The findings showed 

that latency for only the afternoon of rats which represented 50%, of all rats, had a significant 

decrease, indicating memory consolidation, in only two trials. Additionally, cumulative time 

and frequency, which both, in overall, had no significant difference, indicating no specific 

place of social preference, hence motivation for a specific social interaction. Finally, findings 

were inconclusive for the last experiment that looked to understand how sociability is 

affected by previous memory consolidated in a social context; as there was no strong data to 

indicate that sociability had improved or worsened based on the previous social interaction. 

Finally, a neuronal mechanism was proposed to explain the underpinnings of this particular 

behavior, as well as a new behavioral paradigm that serves the purpose of a new line of 

investigation to help understand the neurobiology of social memory. Understanding social 

memory could help in understanding specifically why stress response in social interaction is 

different for some individuals, such as those on the autistic spectrum. 
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                                               I. INTRODUCTION 

1.1 Memory 

 

Over history and especially today in our modern-day society, memory has been and 

is one of the key components in social cognition (1) which is defined as how people process, 

store, and apply information about other people and social situations (2). Findings have 

shown over decades, primarily four structures involved in memory which are the Prefrontal 

Cortex (PFC), Hippocampus (HP), Amygdala (AM), and Cerebellum (3). Further research 

based on these structures, have divided memory into working memory (short term) and 

explicit and implicit memory (long term) (4). As we analyze social behavior, long term 

memory in semantics (language) and episodic (experiences) is fundamental in social 

interaction (4). Moreover, research in the last decade have found strong implications that 

episodic memory, in the limbic structure which involves PFC, HP, and AM, is strongly 

consolidated by specific activity of sub structures of the AM such as the Lateral Amygdala 

(LA), Basal Lateral Amygdala (BLA), and Central Lateral Amygdala (CEA) (5). Therefore, 

these structures, which are part of the limbic system, have been deemed important for 

emotional memory consolidation (6) that is a hallmark among many types of research in this 

day in age. Over the past decade, much research has been focused on the area of emotional 

memory (7). Considering emotional memory can play a factor in sociability in modern day 

society, quite a bit of research has been focused on aversive memories such as fear memory 

(8). 

 

 

1.2 Fear Memory 

Most importantly, fear memory research has been carried out at the behavioral level, 

correlating fear memory consolidation with freezing behavior in rats (8), and a neuronal 

mechanism involving structures such as the PFC, LA, BLA , CEA, hypothalamic pituitary 

adrenal axis (HPA) (8,9,11) and crosstalk among some of the aforementioned structures with 

the HP (9), Nucleus Accumbens (NAC),Ventral Tegmental Area (VTA)  among others (40). 

As the aforementioned structures are considered to form the limbic system and control 
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emotional responses (42), this system is modulated, in part, by stress (42) which is commonly 

defined as an organism ́s response before a  stressor such as an environmental condition (43); 

stress is divided into two areas: negative stress (Distress) that is the organism ́s inability to 

cope with a stressor and positive stress (Eustress) an organism's ability to cope with a stressor, 

assigning it a positive appraisal rather than a negative one originally (44) . Aversive memory 

such as fear memory is generally correlated with distress (45). Furthermore, continuous 

distress is commonly correlated with a dysregulation of the HPA axis and an elevated cortisol 

level in humans (46). In rodents, as cortisol is less appreciable in glucocorticoids, cortisone 

has been taken as a biomarker measure for stress response in fear memory, being quite 

comparable to that of humans (47).  Additionally, apart from the phenotypical behavior of 

freezing during fear memory recall, avoidance behaviors (56) they have correlated this 

freezing behavior during fear memory, with neuronal oscillatory synchrony of 4-6 HZ among 

the BLA and PFC (15). In this regard, fear memory has been able to be studied not only one, 

but at various levels.

 

 

1.3 Hedonic Memory 

On the other hand, pleasurable memories (hedonic memories), originally coined 

Selye, are correlated with positive stress (Eustress) (48). Evidence in latest research has 

shown that both aversive and hedonic memories share a similar neuronal mechanism in the 

moment of consolidation (11), as there are outputs from the BLA to NAC during hedonic 

and aversive association; furthermore it is known that there is an upregulation of 

AMPA/NMDA receptors in the NAC during hedonic stimulus and a downregulation to NAC 

and upregulation to CEA during aversive stimulus (11).  In terms of hedonic memory, 

through natural reward such as food intake, research has also highlighted the mesolimbic 

circuits´ strong role in regulating food intake alongside the homeostatic circuit (50). The 

mesolimbic circuit, comprised of subcortical structures such as the NAC, VTA, and HP 

regulate the motivation/drive, of food intake, as it shares crosstalk with homeostatic circuit, 

comprised of the hypothalamus which is central for energy balance and several of its nuclei 

which are involved in energy regulation inside the body (50). It has also been stated that this 

hedonic circuits´ control is heavily dependent on top-down modulation from the vmPFC in 

providing inhibitory control-emotional regulation, and executive function (50). Therefore, 

the involvement of hedonic circuit, involving memory and conditioned learning (50), has 
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been important in understanding the neurobiological mechanisms underlying conditions such 

as obesity (50). 

 

 Additionally, the other research that has been carried out in hedonic memory 

consolidation has been done with the use of substances from meta-amphetamines to sucrose 

(11), with observations at the behavioral level. Furthering the understanding of hedonic 

memory in addictions, studies have been done to determine the strength of hedonic internet 

gambling and video game addictions by measuring event related potentials among different 

frequency bands (16). Lastly, the latest study from 2018, stated that the brain possibly 

differentiates between an aversive and reward stimulus based on the potentiation in the 

postsynaptic terminals (14) which might imply unique activity of the PFC during a learning 

experience. The aforementioned evidence allows a deeper understanding of research that has 

been carried out in hedonic memory at different levels.  

 

 

1.4 Emotional Memory´s Relevance for Social Memory 

As detailed about fear and hedonic memory, it can be assumed that memory shapes 

the very fabric of social interaction, as humans are highly dependent on previous interactions 

to form their perception of someone who they previously met, mainly due to an expectation 

of reciprocity (17). It is stated that due to our memory of previous interactions, it allows us 

to successfully generate long term lasting relationship (17). Therefore, emotionally memory 

plays a fundamental role, as an individual can recall the emotional valence of the social 

interaction, which is given to an episodic memory, deemed a social memory (56). A social 

memory, for animals, similar to that of humans, is important in order to express appropriate 

social behavior such as aggression, avoidance, cooperative behavior, and mating behavior, 

based on memory recall and recognition (56). It is evidenced that, apart from the encoding 

of episodic memory in the hippocampus of where(spatial), when, (temporal), what (event 

information), that there is encoding of social information (who) in CA2 of the hippocampus 

and retrieval of such social information or social memory engram, from the ventral CA1 

region of the hippocampus (56). Additionally, it is stated that from the CA1 of the 

hippocampus, the NAC receives glutamatergic inputs which elicits social discrimination 

behaviors of which is observed in avoidance and sexual preference behaviors, respectively, 

in prairie voles and medaka fish display (56).  
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Most important, social discrimination, it not without other neuroanatomical structures 

that works in memory and emotion (57), such as the PFC cortex, comprised of the ventral 

medial prefrontal cortex (vmPFC) and dorsal medial prefrontal cortex (dmPFC), which has 

a fundamental role in decision making and attention mechanisms (18) for making a decision 

before a discrimination task, alongside the anterior cingulate cortex (ACC), both of which 

have a reciprocal connectivity with the AM (18,19), among all of which have a direct or 

indirect connectivity with the HP (57)  

 

This could further imply that certain neuropsychiatric disorders that affect the 

neuronal mechanisms of social memory, such as Major Depression Disorder (MDD), General 

Anxiety Disorder, Schizophrenia, and even autism, could contribute to generating some 

impairments in social interaction, apart from contributing to in part, to a persistence in some 

of these disorders (32). Currently, there are over 300 million people worldwide affected by 

depression (20), of which only a percentage over the last decade have developed a long-term 

addiction to the use of antidepressants based on continuous use. Although there has been 

much advance in years in looking to understanding mechanisms behavior social memory, 

there is still much unknown. Perhaps a better understanding of these mechanisms could 

possibly assist in current new alternative therapeutic treatments such as cognitive therapy 

treatment, neuronal feedback, among others which are growing more common, avoiding the 

use of medication or improving its effectiveness. Based on the aforementioned, it turns out 

interesting to understand the underpinnings and mechanisms of memory consolidated in a 

social context which has yet to be researched in detail. 



16 

 

 

 

 

 

 

 

 

 

 

 
 

        II. THE PROBLEM 

 

 

Based on the afore-mentioned evidence, there is very little research in memory 

consolidated in a social context. As fear memory consolidation has already been correlated 

with freezing behavior in rodents and avoidance behaviors in rats as in mice , and hedonic 

memory consolidation by substance use being correlated with behavior oriented towards an 

increase or decrease in cumulative time, latency and total distance moved, in a specific 

experimental design, it gives rise to the question of 

 

 

Is it possible to study memory consolidated in social context at the behavioral 

level? 
 

 

2.1 Hypothesis 

 

Memory consolidated in social context is observed by Social Preference 

 

 

2.2 General Objective 

 

Evaluate if memory is consolidated in a social context. 
 

 

2.3 Specific Objectives 
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2.3.1 To design a behavioral paradigm to study memory consolidated in a social 

context. 

 

2.3.2 Measure memory consolidation. 

2.3.3 Measure Social Preference. 
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                                     III.METHODS AND MATERIALS 

 

 

 

3.1 Bioethical Framework  

 

  Before an animal rat model was touched in this experiment, the 3RS of Replacement, 

Reduction, and Refinement were used to evaluate it (27,31). As this experiment looked only 

at the behavioral level, no replacement techniques were used. Based on the experimental 

design, only 12 animals were used for total number of 24 trials, optimizing the limited 

number of rats and assuring a reduction in animal rat model use. Finally, considering this 

experiment worked with a social memory, with parameters that prevented physical contact 

of these rats, rats received little or no distress during this experiment, ensuring refinement. 

 

3.1.2 Animal Models 

 

Twelve male Sprague-Dawley rats, approximately 12 weeks old were used. Like 

previous research carried out (29), the choice of male rats was due to the hormonal changes 

in female rats which could alter the results given the time frame that was used. They were 

housed in four separate acrylic chambers in groups of 3, having food bought from the 

company ACWS (Nº Catalog: RMH 3000 LabDiet ®, Santiago de Chile) and water ad 

libitum, being housed in a room exposed to a light/dark cycle of 12 h (lights on at 8:00 am). 

The temperature in the housing facility and a place where the experiment was carried out, 

was always fluctuated between 22 ± 2˚C (measured with an indoor temperature and humidity 

gauge, model #00325, AcuRite, CA, U.S.A).  To avoid any unnecessary alterations to their 

behavior; these were the temperature conditions kept for previous experiments in the same 

or similar line of investigation (7,29).  

The following rats were split into two groups R Group (Morning from 9am-1pm) and 

S Group (Evening from 2pm-6pm).These rats received a classification of R1, R2, R3 (Cage 

1-Litter 1) and R4, R5, R6 (Cage 2-Litter 2) with respective markings on their tails according 

to numbers 1,2,3 and 4,5,6. And for litters 3 and 4, they received the classification of S1, S2, 

S3 (Cage 3-Litter 3) and S4, S5, S6 (Cage 4-Litter 4) with their respective markings 1,2,3 

and 4,5,6. It is important to mention that R1-R6 and S1-S6 were paired in the following order 

(R1-R5, R2-R4,R3-R6) and (S1-S5, S2-S4,S3-S6). Additionally, 3 rats, separated from group 

R and S, at PND21, of 30+ weeks, were used for the additional analysis test. 
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3.2 Experimental Design 

 

3.2 Timeline for the development of the experiment, observed in the following (Fig.1). 
 

Figure 1. Timeline for experimental design. 

 

 
Figure 2. The chamber that was used for this experiment. 
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3.3 Chamber Setup with equipment  

  First and foremost, in the fear memory paradigm a chamber is used which is sound 

proof and light proof to avoid distracting stimulus (7); moreover, the chamber apart from its 

metallic floor which has a dark base underneath, has small measurements of (33 cm x 25 cm 

x 28 cm) as only one rat is placed inside. As this paradigm was focused on social interaction, 

a chamber was created with the measurements of 50x 40x 60 according to the measurements 

of an open field chamber (31) which allowed social interaction between two rats. The bottom 

of the chamber was painted black as, previous studies have shown illuminated light areas can 

be aversive to rats and effect exploratory behavior (52). On one side of the chamber there 

was an image of a square which represented side A, while on the other side of the chamber, 

there was an image of a triangle which represented side B, of which both served as visual 

cues for spatial memory (53).    

3.4 Internal Chamber of a Chamber 

 

As to prevent any external stimulus distractions, the chamber was placed inside a bigger 

chamber where lux (measured with a digital luxmeter, model #LX-1010B, Weafo Instrument 

Co., Shanghai, China) was maintained between 20 to 45 maximum (24), as to not alter the 

behavior of the rats during the experiment. Furthermore, the internal walls of the chamber 

were black painted (52). The internal chamber was kept at 22 ± 2˚C (8) (measured with an 

indoor temperature and humidity gauge, model #00325, AcuRite, CA, U.S.A).  Lastly, but 

not least, the internal decibels the chamber was measured during every trial, and never exceed 

30 decibels (measured with sonometer, model #1100, Quest Technologies, Oconomowoc, 

WI, USA) which could alter the rats´ behavior (33). 

3.5 Classification based on Hierarchy (Dominant and subordinate) 

A hierarchical order exists among rats, which normally influences social interaction 

(25,26). Therefore, to avoid any pitfalls based on hierarchy of two dominant rats interacting 

socially, dominant rats were paired with subordinate and subordinate were also be paired 

with subordinate. In order to determine hierarchy, the dominance tube was used with the 

measurements and instructions from the previous study (25). There were two dominant rats 

and four subordinate rats for the morning group, as well as two dominant rats and 4 

subordinate rats for the afternoon group. The figure below illustrates the aforementioned.                                                                                     
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Figure 3. This shows the dominance tube that will be used for hierarchical classification. 

 

3.6 New Paradigm:  Memory Consolidated in a Social Context (MCSC)  

As there is strong evidence to support a neuronal mechanism which circuitry is used for both 

aversive and hedonic memory consolidation (8) which is displayed at the behavioral level, 

with additional support of a social memory engram among these mechanisms (56) and a 

closely related studies carried out salience incentive to social cues (58), it may be implied 

that some components, such as the use of particular variables of analysis, may be used in this 

new paradigm. 

 

3.7 Variables of Analysis 

As in fear memory, behaviors of freezing and avoidance to social interaction are 

observed (22), which implies avoidance to that of social proximity. On the other hand, in 

hedonic situations, implying social proximity is typically defined as the closeness or distance 

in which two subjects share (23), is observed by place preference which implies time spent 

in a given area (58). For this paradigm, taking into consideration a recent experiment carried 

out with incentive salience given to social cues (58), three variables were decided to be used 

to fulfill the specific objectives and answer the hypothesis. 

 Latency was chosen as marker of decision making based on memory recall (38), 

while cumulative time and frequency were chosen as markers strength of motivation for an 

area of social interaction apart from memory recall (35,36). This is to say, a decrease in 

latency among trials would imply quick decision making based on a recall of memory from 

learning (38), that is to say the memory was consolidated; furthermore, cumulative time and 

frequency were the final variables chosen, as an increase or decrease in cumulative time and 
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frequency into an area of social interaction would imply a motivation or demotivation based 

on the previous interaction (37,38), that is to say a social place preference. 

 

 

3.8 Definition of a Trial 

 

Based on aforementioned studies (58), a pavlovian conditioned approach was used, 

taking into account the variables of latency, cumulative time, and frequency. As mentioned 

further on, habituation was carried out before the start of the first trial, as to eliminate 

neophobia which could alter the first trial´s baseline results. Additionally, the hierarchy 

categorization aforementioned, was also carried out among all 12 rats in MCSC before the 

start of the first trial. The trial was divided into four phases. Phase 1 represented the baseline 

phase which, similar to the research carried out in incentive salience to social cues (58), was 

used to give a comparison of variable values against the final phase, allowing an 

understanding of how memory is consolidated in a social context. Phase 2 represented the 

initial social interaction with a conspecific, which was considered a phase of association and 

learning that the place the conspecific was present, also presented a visual symbol different 

than where it was. Phase 3 represented an interaction with a novice object, which served the 

purpose of comparison of place of social preference salience between the novice object and 

con specific. Finally, Phase 4 represented the moment in which memory consolidation was 

observed by a decision in where to go and place preference based on positive or negative 

valence given to a place of social interaction, which represents motivation. Phase 1 and Phase 

4 were compared to understand whether or not a memory was consolidated of the conspecific 

and if this memory had a strong, weak, or indifferent motivation observed by place 

preference. Needless to mention, after the removal of each rat, a cleaning with ethanol 0.5% 

was carried out to remove any odor (54), as not to alter behavior.                                  
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  Figure 4. An illustration of the chamber used. 

                                                             

3.8 Handling 

Rats received handling before the habituation process and before every phase of the 

trial, as a way to reduce any negative stress response (49). All rats received approximately 2 

minutes of handling in Day O (Habituation), Day 1 (Trial 1), and Day 2 (Trial 2). 

3.9 Habituation process for rat models 

As it is known, habituation permits the decrease in neophobia which can affect 

locomotor activity of rats (28, 30). Therefore, each rat will be taken from their cages and 

placed, by itself, in the respective chamber with the plexis-glass placed for 5 minutes, 

followed by the removal of the plexiglass for the last 5 minutes. 

 

Total duration of habituation: 10 minutes 

       

3.9.1 PHASES OF TRIAL      

 The following phases are followed in the same chronological order as 1,2,3, and finally 4.   
   

 
Figure 5:  This is an outline of the four-phase process carried out in this experiment for 

memory consolidated in a social context. 
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Phase 1 (P1/Baseline) 

 

   As explained previously in definition of a trial, this was a baseline phase to compare 

against the final phase 4. The plexiglass was placed first, followed by the respective rat that 

corresponds to side A(Square)/B(Triangle), placed on its side of the chamber with its 

respective symbol. The plexiglass was placed for 5 minutes. After the 5-minute period ended, 

the plexiglass was removed, leaving the chamber without the plexiglass for the remaining 5 

minutes. Here, latency to zone of interaction and zone of none interaction, was measured, 

followed by cumulative time and frequency in both zones.  Only the last 5 minutes, with the 

removal of the plexiglass, was used for analysis. See Figure 5. 

Total duration of phase 1: 10 minutes

 

Phase 2 (P2)   

This phase was considered the phase of interaction/learning, introducing both rats 

corresponding to their categorization of A and B. A plexiglass was inserted into the middle 

of the chamber. A rat corresponding to side A was placed on its respective side (Square), and 

a rat corresponding to side B was placed on its respective side (Triangle). Here, latency to 

zone of interaction and zone of none interaction, was measured, followed by cumulative time 

and frequency in both zones. This phase lasted approximately 5 minutes. See Figure 5. 

Total duration of phase 2: 5 minutes  

 Phase 3 (P3)    

As previously stated, this phase was used as a comparison to understand social place 

preference between the novice object and conspecific. A novel object (in-animated rat) was 

placed on side A, close to the plexiglass, with the square in the background, and Rat A placed 

on Side B (triangle). This phase lasted approximately 5 minutes. Rat A and the Novice object 

were removed, and Rat B was placed on Rat A´s side (square) of the chamber and the novel 

object placed on Rat B´s side, with the triangle in the background. Here, latency to zone of 

interaction and zone of none interaction, was measured, followed by cumulative time and 

frequency in both zones. This phase lasted approximately 5 minutes. See Figure 5. 

 Total duration of phase 3: 5 minutes  
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Phase 4 (P4) 

The final phase, as previously mentioned, was used as a comparison against phase 1, 

to understand if a memory of social memory of the conspecific was consolidated and the 

strength of motivation from this memory observed in social place preference. At the 

beginning of this phase, the plexiglass was removed. A rat corresponding to A(Square) or 

B(Triangle) was placed in the middle of the chamber, facing the wall which did not visual 

cues. This phase lasted exactly 5 minutes.  See Figure 5. 

 Total duration of phase 4: 5 minutes 

3.9.2 Additional Analysis  

For this behavioral paradigm, to further understand how social memory of a familiar 

conspecific affects, social interaction in terms of social place preference, with the new 

conspecific (58), the social preference-avoidance test by Nestler (29)was used for groups R 

and S, on the third day after the MCSC behavioral test; here the original variables of latency 

at first to given area of social interaction, cumulative time in area of social interaction, and 

frequency in and out of area of social interaction, were measured (29). For this behavioral 

experiment, habituation was also carried out before starting, 10 minutes. All 12 rats were 

individually paired with each one of the three older rats. 

5-minute session for each rat, 1 hour in total.  

 

 

 

 

Figure 6. This is the social approach-avoidance test that is used as an additional conduct test. 
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3.9.3 Software Used 

EthoVision XT (Noldus, Wageningen, Netherlands) with a Web Logitech Brio Ultra HD Pro 

(Logitech, U.S.A), were used to record this social interaction as in fear memory 

consolidation. GraphPad Prism 8(GraphPad Software Inc) was used to carry out the 

statistical analysis for this experiment. 

 

3.9.4 Statistical Analysis 

 

First in foremost, to determine whether to use parametric or non-parametric tests, two 

criteria were considered in this. The first criteria were the   D´agostino and pearrson test and 

the Shapiro Wilks normality test which showed mixed results (See Appendice C), as for the 

D´agostino and pearson test, the N=6 for the morning group, and N=6 for afternoon group 

were too small. The second and final criteria that was used, was a QQ plot; in many cases, 

for a series of data through the experiment, the tail ends were skewed, amongst great 

variability among data (see Appendice C). For the aforementioned analysis of the data, it was 

decided that there was a non-normal distribution, therefore the use of non-parametric tests 

would be ideal. Considering the data was tested over more than three means, analyzing 

individual variables such as latency, cumulative time, and frequency over a period of trials, 

the Freidman Anova test was used for P1 vs P4, P2 vs P3, and the Non INZ and INZ. In terms 

of P2 vs Social, a Wilcoxon test was used to compare the data among two means. 

Additionally, a post hoc test of Dunn´s was used to compare difference among specific means 

where significance was found. Finally, an analysis of correlation among dominant vs 

subordinate and subordinate vs subordinate, in latency, cumulative time, and frequency was 

done using the spearman test for correlation. The threshold used was p<0.05. For more 

details, see Appendice D. for all data. 

 

 

 

 

  



27 

 

IV. RESULTS 

The following results that are shown are based on the variables of analysis, latency, 

cumulative time, and frequency, among all 4 phases of MCSM and the social approach 

avoidance test, followed by the correlation results for hierarchy. 

     4.1 Non interaction vs Interaction Zones 

  4.1.2 Latency to first (non-interaction vs interaction zones) P1-Baseline 

It can be observed in Figure 7. A) that latency differed between Non INZ and INZ from T1 

to T2, however there was no significant difference. (p= 0.7715). Figure 7. B) shows the 

behavior from Baseline of non-interaction (T1) to baseline interaction zone (T2). It can be 

observed in Figure 7.C) that latency differed between Non INZ and INZ from T1 to T2, and 

there was a significant difference overall (p= 0.0137) (details in, Append. D p.88). Figure 7. 

D) shows the behavior from Baseline of non-interaction (T1) to baseline interaction zone 

(T2). For Zone Details (See Append. A) 

 

A 

C 

B 

D 
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Figure 7: Latency to first (none interaction and interaction zones) A) Latency to first, for 

morning group (T1 to T2). B) Behavior of latency of morning group over trials (T1 to T2). 

C) Latency to first, for afternoon group (T1 to T2). D) Behavior of latency of afternoon group 

over trials (T1 to T2). 
 

 

    4.1.3 Cumulative time spent in (non-interaction vs interaction zones) (P1) 

 

It can be seen, in figure 8. A)  that Cumulative time, for the morning group, for latency, 

differed between Non INZ and INZ from T1 to T2. It can be observed, in Figure 8.B) that 

cumulative time, for the afternoon group, differed between Non INZ and INZ from T1 to T2. 

There were no significant differences for both figures A) (p= 0.6172) and B) (p=0.9396).  

 

 

Figure 8: Cumulative time (in non-interaction and interaction zones) A) Cumulative 

time in non-interaction and interaction zones, for morning group (T1 to T2). B) Cumulative 

time in non-interaction and interaction zones, for afternoon group (T1 to T2) 

 

 

 

 
 

 

 

 
 

A B 
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4.1.4 Frequency into (non-interaction vs interaction zones) (P1) 

 

It can be observed in Figure 9. A) that frequency, for the morning group, differed between 

Non INZ and INZ from T1 to T2. There was a significant difference (p= 0.0034). In figure 

9. B) Frequency, for the afternoon group, latency differed between Non INZ and INZ from 

T1 to T2. There was a significant difference (p= 0.0020).  See details in, Append. D (p.89) 

 

 

Figure 9: Frequency (into non-interaction and interaction zones) A) Frequency into non-

interaction and interaction zones, for morning group (T1 to T2). B) Frequency into non-

interaction and interaction zones, for afternoon group (T1 to T2) 
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4.1.4 Latency to first (non-interaction vs interaction zones) (P4) 

It can be seen in figure 10. A) that latency, for the morning group, differed between Non INZ 

and INZ from T1 to T2. There was no significant difference (p= 0.7715). It can be observed, 

in Figure 10 B) that latency, for the afternoon group, differed between Non INZ and INZ 

from T1 to T2. There was no significant difference (p= 0.4307). 

 

 

 

 

Figure 10: Latency to first (none interaction and interaction zones) A) Latency to first, 

for morning group (T1 to T2). B) Latency to first, for afternoon group (T1 to T2).  
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4.1.5 Cumulative time spent in (non-interaction vs interaction zones) (P4) 

It can be observed, in figure 11. A) cumulative time, for the morning group, differed between 

Non INZ and INZ from T1 to T2. There was no significant difference (p= 0.4307). It can be 

seen, in figure 11. B) Cumulative time, for the afternoon group, differed between Non INZ 

and INZ from T1 to T2. There was no significant difference (p= 0.7715) 

 

 

 

Figure 11: Cumulative time (in non-interaction and interaction zones) A) Cumulative 

time in non-interaction and interaction zones, for morning group (T1 to T2). B) Cumulative 

time in non-interaction and interaction zones, for afternoon group (T1 to T2) 
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4.1.6 Frequency into (non-interaction vs interaction zones) (P4) 

 

 

It can be seen in figure 12. A) that frequency, for the morning group, differed between Non 

INZ and INZ from T1 to T2. There was no significant difference (p= 0.7723). It can be seen, 

in figure 12. B) that frequency, for the afternoon group, differed between Non INZ and INZ 

from T1 to T2. There was no significant difference (p= 0.8386). 

 

 

 

 

 

 

Figure 12: Frequency (into non-interaction and interaction zones) A) Frequency into 

non-interaction and interaction zones, for morning group (T1 to T2). B) Frequency into non-

interaction and interaction zones, for afternoon group (T1 to T2) 
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4.2 Phase 2 (Conspecific interaction) vs Phase 3 (Novice Object Interaction) 

      4.2.1 Latency to first (P2 vs P3) 

 As can be seen in figure 13. A) latency, for the morning group, differed between Non INZ and 

INZ from T1 to T2, however there was no significant difference among means (p= 0.4753). As can 

be observed, in figure 13. B) latency, for the afternoon group, differed between Non INZ and 

INZ from T1 to T2, however with no significant difference among means (p=0.1585).  See details 

in Append. D (p. 105). 

 

 

 

Figure 13: Latency to first (area of social interaction) A) Latency to first, for morning 

group (T1 to T2). B) Latency to first, for afternoon group (T1 to T2). 
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  4.2.2 Cumulative time spent (in the area of social interaction) (P2 vs P3) 

 

It can be observed in figure 14. A) that cumulative time, for the morning group, differed between 

Non INZ and INZ from T1 to T2, however there was a significant difference (p= 0.0057); for more 

details, see Append. D (p.106). It can be seen, in figure 14. B) that cumulative time, for the afternoon 

group, differed between Non INZ and INZ from T1 to T2, however, there was no significant 

difference (p= 0.1555). 

 

 

 

 

 

 

Figure 14: Cumulative time spent (in the area of social interaction) A) Cumulative time 

spent in area of social interaction, (T1 to T2), for the morning group. B) Cumulative time 

spent in the area of social interaction, from T1 to T2, for the evening group. 
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4.2.3 Frequency into area of social interaction (P2 vs P3) 

 

It can be observed in figure 15. A) that frequency, for the morning group, differed between Non 

INZ and INZ from T1 to T2; there was no significant difference (p= 0.0951). It can be seen, in 

figure 15. B) that frequency, for the afternoon group, differed between Non INZ and INZ from 

T1 to T2; there was no significant difference (p= 0.6329). 

 
 

 
 

Figure 15: Frequency into the area of social interaction A) Frequency into area of social 

interaction, from T1 to T2 for the morning group. B) Frequency into area of social 

interaction, from T1 to T2 for the evening group. 

  

A B 
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4.3 Phase 1 vs Phase 4 

   4.3.1 Latency to first (P1 vs P4) 

It can be seen in figure 16. A) that latency, for the morning group, differed between Non 

INZ and INZ from T1 to T2, however, there was no significant difference (p= 0.0959). 

Figure 16. B) shows the behavior of latency of figure 16. A) from T1 to T2. In figure 16. C) 

latency, for the afternoon group, differed between Non INZ and INZ from T1 to T2, 

however, there was a significant difference (p= 0.0412). For more details, see Append. D 

(p.114). Figure 16. D) shows the behavior of latency of figure 16. C) from T1 to T2. 

 

 

Figure 16: Latency to first (none interaction and interaction zones) A) Latency to first, 

for morning group (T1 to T2). B) Behavior of latency of morning group over trials (T1 to 

T2). C) Latency to first, for afternoon group (T1 to T2). D) Behavior of latency of afternoon 

group over trials (T1 to T2). 
 

 

 

 

 
 

A 
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 4.3.2 Cumulative time spent (in the area of social interaction) (P1 vs P4) 

 

 

 

It can be seen in figure 17. A) that cumulative time, for the morning group, differed between Non 

INZ and INZ from T1 to T2, however, there was no significant difference (p= 0.3171). It can be 

observed, in figure 17. B) that cumulative time, for the afternoon group, differed between Non 

INZ and INZ from T1 to T2, however, there was no significant difference (p= 0.3751). 

 

 

 
 

 
 

Figure 17: Cumulative time spent ( in the area of social interaction)  A) Cumulative time 

spent in area of social interaction, from T1 to T2, for the morning group. B) Cumulative time 

spent in the area of social interaction, fromT1 to T2, for the evening group. 
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4.3.3 Frequency into area of social interaction (P1 vs P4) 

 

It can be observed in figure 18. A) that frequency, for the morning group, differed between Non 

INZ and INZ from T1 to T2, however there was no significant difference (P= 0.4418). It can be 

seen, in figure 18. B)  that frequency, for the afternoon group, differed between Non INZ and 

INZ from T1 to T2, however there was no significant difference (p= 0.8386). 

 
 

 

 
 

 
 

Figure 18: Frequency into the area of social interaction A) Frequency into area of social 

interaction, from T1 to T2, for the morning group. B) Frequency into area of social 

interaction, from baseline of T1 to T2, for the evening group. 
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4.4 Correlation of Hierarchy (Dominant and Subordinate, Subordinate 

and Subordinate)  

4.4.1 Correlation of Latency of P4 

 
 

Figure 19. A) shows the correlation between dominant and subordinate rats, for latency for P4, to 

area of social interaction, for morning and afternoon rats. There was no significant correlation (p= 

0.4279, R= -0.3333). Figure 19. B) shows the correlation between subordinate and subordinate rats, 

for latency for P4, to area of social interaction, for morning and afternoon rats. There was no 

significant correlation (p= 0.7500, R= 0.4000). 

 

 

 

 
 

 

Figure 19: Correlation of Latency of P4 A) shows the correlation of latency of P4, to an 

area of social interaction, between dominant and subordinate rats, for morning and afternoon 

groups. B) shows the correlation of latency of P4, to an area of social interaction, between 

subordinate and subordinate rats, for morning and afternoon groups. 
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4.4.2 Correlation of Cumulative time of P4 

 

 
 

Figure 20. A) shows the correlation between dominant and subordinate rats, for cumulative time of 

P4, in area of social interaction, for morning and afternoon rats. There was no significant correlation 

(p= 0.5008, R= -0.2857). Figure 20. B) shows the correlation between subordinate and subordinate 

rats, for cumulative time, in area of social interaction, for morning and afternoon rats. There was no 

significant correlation (p= 0.3333, R= -0.7778). 

 

 

 

 
 

 
 

Figure 20: Correlation of Cumulative Time of P4 A) shows the correlation of cumulative 

time of P4 in an area of social interaction, between dominant and subordinate rats, for 

morning and afternoon groups. B) shows the correlation of cumulative time of P4 in an area 

of social interaction, between subordinate and subordinate rats, for morning and afternoon 

groups. 
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4.4.3 Correlation of Frequency of P4 

 

 

Figure 21. A) shows the correlation between dominant and subordinate rats, for frequency of P4, into 

an area of social interaction, for morning and afternoon rats. There was no significant correlation (p= 

0.1967, R= 0.5150). Figure 21. B) shows the correlation between subordinate and subordinate rats, 

for frequency, into area of social interaction, for morning and afternoon rats. There was no significant 

correlation (p= 0.9167, R= 0.2000). 

 
 

 
 

 

Figure 21: Correlation of Cumulative Time of P4 A) shows the correlation of frequency 

of P4, into an area of social interaction, between dominant and subordinate rats, for morning 

and afternoon groups. B) shows the correlation of frequency of P4, into an area of social 

interaction, between subordinate and subordinate rats, for morning and afternoon groups. 
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4.5 Phase 2 vs Social approach avoidance test 

4.5.1 Latency to first (P2 and Social) 

 

It can be observed in figure 22. A) that latency, for the morning group, differed between P2T1M and 

Social T1M; there was no significant difference (P= 0.2500). It can be seen in figure 22. B) that for 

latency, for the afternoon group, differed between P2T1A and Social T1A; there was no significant 

difference (p= 0.2500) 

 

 
 

 

 

 
 

 

 

 

Figure 22: Latency to first (area of social interaction) A) Latency to first (the area of social 

interaction), in the first trial, for the morning group. B) Latency to first (the area of social 

interaction), in the first trial, for the evening group. 
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4.5.2 Cumulative time spent (in the area of social interaction) (P2 and Social) 

 

It can be observed in figure 23. A) that cumulative time, for the morning group, differed between 

P2T1M and Social T1M; there is was significant difference (p= 0.9999). It can be seen in figure 23. 

B) that cumulative time, for the afternoon group, differed between P2T1A and Social T1A; there was 

no significant difference (p= 0.1563) 

 

 

 
 
 

Figure 23: Cumulative time spent ( in the area of social interaction)  A) Cumulative time 

spent in area of social interaction, in the first trial, for the morning group. B) Cumulative time 

spent in the area of social interaction, in the first trial, for the evening group. 
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4.5.3 Frequency into area of social interaction (P2 and Social) 

It can be seen in figure 24. A) that frequency, for the morning group, differed between P2T1M and 

Social T1M. There was no significant difference (p= 0.0938). It can be observed in figure 24. B) that 

cumulative time, for the afternoon group, differed between P2T1A and Social T1A. There was 

significant difference (p= 0.0313). See Append. D (p. 141) 

 
 

 

 

 

Figure 19: Frequency into the area of social interaction A) Frequency into area of social 

interaction, in first and only trial, for the morning group. B) Frequency into area of social 

interaction, in first and only trial, for the evening group. 
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V. DISCUSSION 

 

As previously stated, the focus of this study was to understand, at the behavioral level, how 

memory is consolidated in a social context. Therefore, based on the aforementioned question, 

hypothesis, and objectives planted, the following discusses in detail, the findings. 

5.1 Non interaction vs Interaction Zones 

 

Learning and memory consolidation can be observed by a change in behavior (35). 

With that stated, reiterating, it is important to take into consideration that all rats were 

previously habituated to reduce neophobia (28,30) and looking to eliminate any external 

variables that could influence behavior, a day before the experiment started, all 

aforementioned in methods.  Initially for non-interaction and interaction zones of P1, from 

T1 to T2, there is a visual trend latency that decreases, represented by figures (fig 7.B & fig 

7.D). It is important here to look specifically at the non-interaction zone and interaction zones 

of T2, as this was the baseline for day 2 before a new social interaction, as in T1, they had 

already had a previous social interaction (P2 and P3), hence it gives an understanding of 

latency after 24 hours of a previous social interaction.  However, in a statistical evaluation, 

only one group presents statistical relevance (figure 7. C), which could be explained by two 

scenarios. As latency was described previously as a variable for memory recall of the social 

interaction (25,26), it is important to take into consideration diurnal rhythm cortisol, or 

cortisone in rodents, which peaks at the moment of early morning hours until around mid-

day (60,61). It is evidenced that memory retrieval is partly impaired or affected in a negative 

way during periods of higher levels of cortisol (61). As there is also evidence to state that 

glucocorticoids decrease from 50% to 10% from AM to PM hours, which although, 

mineralcorticoids, which prevent overstimulation  of glucocorticoids, are present throughout 

the day, there is evidence that suggests  memory enhancement is usually better in the PM 

hours than that of AM (60). This first scenario could explain why the latency wasn´t as 

significant for the morning group, as that of the afternoon group. The second scenario could 

have something to do with Type 1 Errors (See Append. B, Type 1 Errors), that was committed 

in the second day of trials for the morning group. Ultimately, if this error is relevant, then 

four of the subjects of the morning could have been affected, which shows in their ability to 

recall the familiar conspecific interaction. 
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  Analyzing latency of P4, although there is no significant difference, statistically in 

either the morning, nor afternoon groups (figure 10. A, figure 10. B), both have inverse 

behaviors. This result could possibly be explained by the previous two scenarios for the 

morning group (Figure 10. A), while the evening group doesn´t show statistical significance 

(Figure 10. B), this possibly could be remedied if more trials could be carried out in a future 

experiment, as most Pavlovian conditioned approaches use 3 or more trials. By a series of 

social interactions in the same context, it is possible a social memory engram could be better 

consolidated (58). 

 

Cumulative time was aforementioned as a variable that indicates social preference of 

place, hence motivation for having or having had a social interaction. Analyzing P1 and 

P4(figures 8.A and B, figures 11. A and B), for both morning and afternoon groups, as there 

is no significant difference, it can be assumed that there was a lack of motivation, to remain 

in the area of social interaction of the conspecific, not necessarily having a place of social 

preference. Rats, such as in humans, weigh in on the prosocial benefits (36). Here, there was 

a similar behavior in terms of frequency into the zone of social interaction for P4 (see figure 

12.A & figure 12.B.), while for P1 there is a significant difference (figure 8.A & figure B). 

The result of P1 could be explained by the fact that the significant difference has to do with 

the first day before its social interaction, for why it has more frequency into the non-

interaction zone; future trials would be required to see the baseline in day three and possible 

four. 

5.2 Phase 2(Conspecific) vs Phase 3(Novice Object) 

 

Latency,  although not significant for morning nor afternoon groups (figure 13.A, 

figure 13.B) , in this context, considering it was a constant interaction with a conspecific and 

a new object, it can not necessarily be correlated with memory recall; additionally, both 

morning and afternoon groups have inverse behaviors in latency (figure 13.A, figure 13.B). 

The explanation for the morning group, could be the Type I Error committed in the second 

day, which sparked their interest in interacting with a new conspecific, as rodents have a 

natural tendency to interact with unfamiliar stimuli (37), hence the decrease in latency. For 

the afternoon group, it could be that there is little reciprocity in the interactions amongst pairs 

during the interactions, which is reflected in long latency. 
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Cumulative time in the area of social interaction, which was at the plexiglass, was 

considered a variable to analyze the place of social preference, similar to other investigations 

carried out in substance preference (11).  For the morning group, there was a significant 

difference (figure 14.A); this of course, indicated that the morning group spent most of the 

time in the area of social interaction with the conspecific in comparison with the novice 

object; this could be due to the Task I Error, or simply that the interaction was more fruitful 

for the morning group. Conversely, the afternoon group did not have a significant difference 

(figure 14.B); Regardless, there seems to be a downward trend for both groups, in cumulative 

time, possibly referring to a lack there of, motivation, reflected by cumulative time for place 

of social preference.  At the neurocircuit level, the dmPFC, BLA, and NAC (39) and its 

implications in motivation, could possibly explain the behavior that is being observed during 

P2 vs P3. As specifically, the NAC which receives modulation from the CA1, is involved in 

social discriminatory behaviors such as avoidance and sexual preference (56) (see Appendice 

C); nevertheless, as rats just as in humans, not all interactions are as pleasurable or remain as 

pleasurable over time, which in part is dependent on prosocial benefit evaluation (36); this 

could possibly explain why there is significant difference in one group and not the other. 

 

In this context, frequency into the area of social interaction, which was at the 

plexiglass, was also considered a variable in motivation (37), hence place of social 

preference. Regardless, there was no significant difference for both groups (figures 15.A 

figure 15.B), however there is a downward trend of frequency for both groups from T1 to 

T2. In part, this result could be explained by an indifference between the novice object and 

the conspecific or also the experimental design. In this experiment design, a flaw which could 

have affected the new object learning phase, is that the novice object was placed directly at 

the plexiglass; in the case of the conspecific, it was permitted to move freely away from the 

plexiglass; this could have affected the values of latency, cumulative time, and frequency 

negatively. This possibly can be remedied by resigning new zones and parameters, in 

Ethovision, that permit calculating and quantifying the latency, cumulative time, and 

frequency only when both rats (one being the conspecific) are at the plexiglass. 
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5.3 Phase 1 vs Phase 4 

 

In this context, latency indicated memory recall. Additionally, a previous study 

highlighted a decrease in latency for positive rewarded stimulus after learning (38). While 

there was no significant difference in the morning group, for latency to first (figure 16.A), 

there is a downward trend of latency from T1 to T2(figure 16.B). Conversely, for the 

afternoon group, there is a significant difference in latency (figure 16. C), followed by a 

parallel downtrend in latency (figure 16.D); this is also in accordance with latency to 

interaction zone, from P1 (figure 7. C & D); the results possibly could be explained by, first, 

for the morning group by diurnal rhythm cortisone, as levels could have been higher, as 

previously explained, this could have affected in memory recall (61), or possibly Type I 

Errors. On the other hand, for the afternoon group, the significance could possibly be due to 

a better social memory engram consolidation in CA2 of the hippocampus based on 

vasopressin release from the paraventricular nucleus into CA2  (59,56), of which the 

paraventricular nucleus of the hypothalamus is modulated by the AM (59), which could be a 

better perceived connection to the conspecific from the dmPFC which in turn modulates the 

AM (18,19). Furthermore, as evidence has strongly shown the implication in the VTAs ́ 

outputs to the HP, generating long term potentiation’s for long term memory (40), the 

functional connectivity that exists among the dmPFC, BLA, NAC, VTA, and HP (see 

Appendix C), this could possibly explain  the quick decision making based on long term 

memory from the HP which in turn could modulate the NAC for this social discriminatory 

behavior (56) and the dmPFC from which outputs to the BLA,VTA,  generating a neuronal 

loop that ultimately affects the PFC in discerning within milliseconds to seconds where to go 

based on memory recall. Possibly, a better behavioral test, such as that of a T Maze with two 

chambers, one for the conspecific, and the other for the novice object, with levers to open the 

chambers for interaction, could be a more appropriate task to determine memory 

consolidation of the experience based on an associative task, similar to that of incentive 

salience to social cues (58). 

 

In this context, cumulative time indicated motivation, mainly, apart from memory 

recall. As was observed (figures 17 A & 17 B), there was no significant difference for the 

morning group or afternoon group.  The result of this could be due to indifference between 

the place of social preference of the conspecific and its own place of social preference with 

the novice object. Another aspect as previously mentioned, is reciprocal behavior (36) which 
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was not monitored in this occasion; a possible reciprocal behavior could be nose sniffing, as 

it has been evidenced that the modulation of both dmPFC and vmPFC affects frequency of 

nose sniffing which is an indicator of motivation(41) in reward associated behavior. 

Furthermore, it is known that natural rewards in memory, generally have a faster extinction 

rate in comparison with synthetic substances (41), which could explain the variability 

amongst groups in terms of motivation. 

 

In this context, frequency indicated motivation, hence preference of place. As 

observed (see figures 18.A & 18.B), there was no significant difference for the morning and 

afternoon groups. This result is probably due to an inconsistent motivational desire to 

continue looking for the conspecific, or this behavior could change if more trials were 

present; this variable, similar to that of cumulative time, could be a good indicator of 

motivation as previously stated for other non-aversive learning paradigms (37). A possible 

solution to the aforementioned, is by increasing the number of trials, such as those done, fear 

memory experiments, (8), 3-4 days. By increasing the number of trials, possibly we will see 

an even further decrease in latency and an increase in cumulative time and /or frequency. 

Finally, it could be helpful to study other behaviors that affect this mechanism of social 

memory, such as behaviors of sniffing (37) or reeling which might indicate aspects of 

reciprocity (37), appealing to the conspecifics empathy, thus generating a better social 

interaction which would be a reflection in motivation by an increase in cumulative time 

and/or frequency. 

5.4 Correlation of Hierarchy (Dominant and Subordinate, Subordinate and 

Subordinate) 

 

First and foremost, as mentioned in methods in classification of hierarchy, both morning and 

afternoon groups had the equal amount of dominant and subordinate rats. As shown in the 

results for latency of phase 4(figure 19. A, figure 19. B), there is no significant correlation 

for morning, nor for afternoon groups. In this case, latency represented memory consolidation 

of the social interaction; this possibly could imply, if there were a correlation, that these 

memories consolidated in a social context could possibly depend on hierarchy. In the case of 

dominant vs subordinate, if there were a positive correlation, it could imply that for memory 

recall, a co-factor such as a perceived threat from the dominant rat by the subordinate, is 

needed for memory consolidation, making reference to the AM and hypothalamic function 

in social fear memory consolidation (62). If there were a negative correlation, this would 

imply impaired memory, memory for one of the groups. Another explanation of this result, 
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as there was not enough sufficient subordinate vs subordinate for the afternoon group, nor 

that of dominant vs subordinate for morning or afternoon, both morning and afternoon groups 

were grouped together.  For a better analysis of latency based on memory consolidation, there 

would need to be a greater N, and a better classification and organization of groups based on 

morning, afternoon, dominant, and subordinate. 

 

 

For cumulative time and frequency, there was no significant correlation for morning and 

afternoon groups (figure 20.A, figure 20.B, figure 21. A, figure 21.B).  This result, as it 

mainly indicated motivation through preference of place, a positive correlation would have 

implied a mutual reciprocity (36) between dominant and subordinate or subordinate and 

subordinate. On the other hand, a negative correlation would have implied avoidance for one 

group, while social preference of place for the other. 

 

5.5 Phase 2 vs Social approach avoidance test 

During the following behavioral paradigm, a habituation phase was carried out before 

the behavioral test. In this context, similar to that of P2 vs P3, latency more than memory 

recall as it was the first interaction, it was oriented towards that of motivation (37). As 

observed (figures 22.A and 22.B), with only a sample of 6 (See Appendice B), there was no 

significant difference in latency. This result can be explained based on the dimensions of the 

MCSC chamber (p.19) and the social approach-avoidance test (29). As the dimensions for 

the MCSC chamber were smaller, this could possibly explain this result, as it took less time 

to get to an area of social interaction. Another explanation could have to do with the fact that 

the three novice rats were originally from the other litters of R and S, separated at a young 

age, PND21; this could explain the longer latency getting to the point of social interaction, 

as these new conspecifics were actually familiars. 

 

 In this context, similar to that of P2 vs P3, cumulative time indicated a measure of 

motivation, hence place of social preference. As observed (see figures 23.A and 23.B), there 

is no significant difference for the morning group and afternoon group. This result possibly 

can be explained for the morning group by Type I Errors, which affected their novice 

interaction. For the afternoon group, possibly there was indifference to interact with a new 

conspecific based on motivational aspects. But for both groups, as previously mentioned, it 
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could have to do with the fact that the three novice rats were originally from their litters, 

separated at PND21. 

 

In this context, like that of P2 vs P3, frequency indicated a measure of motivation.  As 

observed (see figures 24.A and 24.B), the results are contradictory as the morning group, 

statistically were not significant, while the afternoon group was statistically significant. For 

the morning group, this result could be explained based on the Type I Error which affected 

novice interaction and the dimensions of the Social Approach Avoidance Test chamber. 

Furthermore, the afternoon group, the frequency in which its entrance into P2 area of social 

interaction is probably higher also due to the dimensions of the Social Approach avoidance 

test Chamber. A remedy to this situation could be to use the same chamber for the novice 

rats, MCSC, as for the morning and afternoon groups or change the setup as originally 

proposed in P1 non-interaction and interaction zones. 

 

VI. CONCLUSION 

 

In conclusion, this study was able to answer affirmatively, the initial question of, is it 

possible to study memory consolidated in a social context at the behavioral level.  

Furthermore, the objectives planted were able to be fulfilled. Latency was found to be a 

possibly important variable in understanding memory consolidation, as a modification in the 

design of the new paradigm and additional trials could effectively show that as latency 

decreases, it is an indication of memory consolidation of a social context. Cumulative time 

and frequency could be variables to answer the hypothesis of:  memory consolidated in a 

social context is observed by social preference. Nevertheless, without further trials, it is 

complicated to see if memory consolidated in a social context is hedonic or aversive, or 

simply, mixed, overtime. Moreover, in the last behavioral experiment which used the social 

avoidance preference test to understand how sociability is affected by previous consolidated 

memory in a social context or social memory engram, the results were inconclusive, as there 

was no strong data to indicate that sociability had improved or worsened based on the 

previous social interaction. Finally, a neuronal mechanism was proposed to explain the 

underpinnings of this particular behavior, as well as a new behavioral paradigm that serves 

the purpose of a new line of investigation to help understand the neurobiology of social 

memory. Understanding social memory could help in understanding specifically why stress 

response in social interaction is different for some individuals, such as those on the autistic 
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spectrum, as research has indicated, autistic individuals tend to have a different stress 

response during social interaction as in comparison with non-autistic individuals (55).  
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VIII. APPENDICES 

 

A. ZONE DETAILS FOR ALL EXPERIMENTS 

This section shows images of the actual chambers that were used and the zones, explaining 

the set up to clarify. 

Phase 1) 

 

Figure EXT 1: In A) you can see the non-interaction zones and interaction zones which corresponds 

to RAT A. Both zones of none interaction were considered the zone of non-interaction, while both 

zones of interaction were considered the zone of interaction. From the aforementioned, the values of 

the variables, corresponding to latency, cumulative time, and frequency, to and in, both zones, were 

calculated. In Figure B), follows the same explanation of figure A, but with RAT B. It is important 

to remember that the first phase, before social interaction, it should only be clear to the rat that both 

sides are different based on the circle and triangle. 

 

 
Figure EXT 1: A) This figure shows the non-interaction and interaction zones (non-INZ and 

INZ) that correspond to RAT A. B) This figure shows the non-interaction and interaction 

zones (non-INZ and INZ) that correspond to RAT B 

 

 

 

A B 
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Phase 2) 

 

In Figure EXT 2: C) This side belongs to Rat A; it is divided into two zones, interaction zone 

which is the sector to the far right, in green, close to the plexiglass where rat A interacted 

with Rat B (conspecific). The non-interaction zone is in gray, to the far left, close to the 

Circle Image. D)  This side belongs to Rat B; it is divided into two zones, interaction zone 

which is the sector to the far left, in green, close to the plexiglass where rat B interacted with 

Rat A (conspecific). The non-interaction zone is in gray, to the far right, close to the Triangle 

Image. In the non-interaction and interaction zones, the values of the variables of latency, 

cumulative time, and frequency were calculated. 

 

 

 
Figure EXT 2: C) This figure shows the non-interaction and interaction zones (non-INZ and 

INZ) that correspond to RAT A. D) This figure shows the non-interaction and interaction 

zones (non-INZ and INZ) that correspond to RAT B. 
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Phase 3) 

 

In Figure EXT 3: E) Sides were switched; now this side belonged to Rat A, with the novice 

object on the other side with the Square. It is divided into two zones, interaction zone which 

is the sector to the far left, in green, close to the plexiglass where rat A interacted with the 

novice object. The non-interaction zone is in gray, to the far right, close to the Triangle Image. 

F) Sides were switched; now this side belonged to Rat B, with the novice object on the other 

side with the Triangle. It is divided into two zones, interaction zone which is the sector to the 

far right, in green, close to the plexiglass where rat B interacted with the novice object. The 

non-interaction zone is in gray, to the left right, close to the Square Image. 

 
 

Figure EXT 3: E) This figure shows the non-interaction and interaction zones (non-INZ and 

INZ) that correspond to RAT A. F) This figure shows the non-interaction and interaction 

zones (non-INZ and INZ) that correspond to RAT B. 
 

 

 
 

 

 

 
 

E F 



63 

 

Phase 4) 

 

Figure EXT 4: In G) you can see the non-interaction zones and interaction zones which corresponds 

to RAT A. Both zones of none interaction were considered the zone of non-interaction, while both 

zones of interaction were considered the zone of interaction. From the aforementioned, the values of 

the variables, corresponding to latency, cumulative time, and frequency, to and in, both zones, were 

calculated. In Figure H), follows the same explanation of figure A, but with RAT B. It is important 

to remember that this last phase was after social interaction with the conspecific(P2) and with the 

novice object (P3). The rat was placed facing the wall (vertical) without symbols (Square or Circle). 

 

 
Figure EXT 1: G) This figure shows the non-interaction and interaction zones (non-INZ and 

INZ) that correspond to RAT A. H) This figure shows the non-interaction and interaction 

zones (non-INZ and INZ) that correspond to RAT B. 
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Social Avoidance Preference Test) 

Figure EXT 5: In figure I) The non interaction zone is represented, in green, to the far left, 

while the middle chamber, in purple, represents the interaction zone, and the chamber to the 

far left, represents the new conspecific that was placed in an enclosed caging. Latency to both 

zones were calculated, followed by cumulative time and frequency. 

 

 

 

Figure EXT 5: I) This figure shows the non-interaction and interaction zone (non-INZ and 

INZ) that corresponds to RAT A and B (N=12). 
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B. EXPERIMENTAL ERRORS 

 

B.1 TYPE 1 ERRORS 

 

 

A critical error that could have affected the results for the morning group R, was the fact that R2 was 

not paired with R4 the second day, rather that R2 was paired accidently with R6. In consequence, as 

R6´s normal pair is R3, this could have also affected the Data of that of R3. 

 

B.2 TYPE 2 ERRORS 

 

4.2Phase 2 (Conspecific interaction) vs Phase 3 (Novice Object Interaction) 

      4.2.1 Latency to first 

       
     R1- This rat, during the Ethovision recording presented 0.0000 latency, possibly there was a 
misplacement of the rat or simply latency for some given reason was not calculated for this rat. 

 

     S1- This rat, during the Ethovision recording presented 0.0000 latency, possibly there was a 

misplacement of the rat or simply latency for some given reason was not calculated for this rat. 
 

    4.2 Phase 2 (Conspecific interaction) vs Phase 3 (Novice Object 

Interaction) 
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      4.2.1 Latency to first ( between P2 and P3) 

S1- This rat, during the Ethovision recording presented 0.0000 latency, possibly there was a 
misplacement of the rat or simply latency for some given reason was not calculated for this rat.      

 

S2- This rat, during the Ethovision recording presented 0.0000 latency, possibly there was a 
misplacement of the rat or simply latency for some given reason was not calculated for this rat. 

 

4.4 𝛥𝑺 Score of Phase 2 vs Social approach avoidance test 

4.4.1 Latency to first ( 𝛥𝑺 score of P2 vs Social) 
 
     R1- This rat, during the Ethovision recording presented 0.0000 latency, possibly there was a 

misplacement of the rat or simply latency for some given reason was not calculated for this rat. 

 
      R3- This rat, during the Ethovision recording presented 0.0000 latency, possibly there was a 

misplacement of the rat or simply latency for some given reason was not calculated for this rat. 

     
      R5- This rat, during the Ethovision recording presented 0.0000 latency, possibly there was a 

misplacement of the rat or simply latency for some given reason was not calculated for this rat. 

 

 
     S1- This rat, during the Ethovision recording presented 0.0000 latency, possibly there was a 

misplacement of the rat or simply latency for some given reason was not calculated for this rat. 

 
      S3- This rat, during the Ethovision recording presented 0.0000 latency, possibly there was a 

misplacement of the rat or simply latency for some given reason was not calculated for this rat. 

     
      S5- This rat, during the Ethovision recording presented 0.0000 latency, possibly there was a 

misplacement of the rat or simply latency for some given reason was not calculated for this rat. 

 

C. NEURONAL MECHANISM SCHEMATIC 

 

This behavior could be explained by the circuitry between the mPFC, BLA, NAC, VTA and 

HP; as the dmPFC plays a fundamental role in decision making (35) as it sends outputs to 

the AM from which the BLA modulates outputs to the NAC for association for positive vs 

negative valence (7,39). It can be assumed that the first day, within only minutes to an hour 

for each pair of rats during this social interaction, dmPFC down streams to the BLA 

glutamatergic projections which in turn sends its efferents to the NAC. As the NAC is made 

up of medium spiny neurons, GABAergic projections are sent to the VTA which is 

responsible for dopaminergic projections to the HP, generating Long Term Potentiations 

(LTPS) (40). As there are outputs from the ventral HP to the medial PFC and AM, these 

glutamatergic outputs also coincide with motivation based on the hedonic memory previous 

consolidated through a social interaction. Lastly, but not least, the importance specifically 

from CA1 of the hippocampus, there is modulation also of the NAC with glutamatergic 

projections, evidenced through social discriminatory behavior (58) 
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D.     DATA 

 

 

D.1 QQ PLOTS FOR NON-INTERACTION AND INTERACTION ZONES 

 

 

 
 

 

 

 

 

 



69 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 



70 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 



71 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



72 

 

 
 

 

 

 

 

 



73 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



74 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



75 

 

D.2 NORMALITY TESTS AND NON-PARAMETRIC DATA FOR NON-

INTERACTION AND INTERACTION P4 vs P1
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D. 3 QQ PLOTS FOR P2 vs P3 
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D.4 NORMALITY TESTS AND NON-PARAMETRIC DATA FOR P2 vs P3
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D.5 QQ PLOTS FOR P1 vs P4 
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D.6 NORMALITY TESTS AND NON-PARAMETRIC DATA FOR P1 

vs P4 
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D.7 NORMALITY TESTS AND NON-PARAMETRIC DATA 

FOR CORRELATIONS OF HIERARCHY  
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D.8 QQ PLOTS FOR P2 vs Social 
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D.9 NORMALITY TESTS AND NON-PARAMETRIC DATA FOR P2 vs SOCIAL 
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