
Follow this and additional works at DigiNole: FSU's Digital Repository. For more information, please contact lib-support@fsu.edu

2018

Effects of Neonatal Stress on the
Parietal Hippocampal Network 
Eric Pei



 

 

 

 

 
 

 
 

FLORIDA STATE UNIVERSITY  
 

COLLEGE OF ARTS & SCIENCES  
 
 

 
 
 
 
 
 
 

EFFECTS OF NEONATAL STRESS ON THE PARIETAL HIPPOCAMPAL NETWORK  
 
 
 
 

By 
 
 
 
 

ERIC PEI  
 

 
 
 
 

A Thesis submitted to the  

Department of Biological Sciences  

in partial fulfillment of the requirements for graduation with  

Honors in the Major  

 

 
 
 

Degree Awarded: 
 

Spring, 2019



 

 

 

 

 



 

 

 

1 

Abstract  
 

Maternal separation in rats is used to study how stress impacts the brain. Our laboratory 

previously made use of a simple model of learning and memory to assess the effects of early 

stress in the form of daily maternal separation on adult learning and memory using a simple 

model system to assess learning and memory: eyeblink conditioning. Glucocorticoids are 

important for modulation of stress for adult learning and memory. Previously we found that 

neonatal stress increased glucocorticoid receptor expression in the cerebellum, that increased 

receptor expression was correlated with impaired learning and that blocking excess receptors 

restored normal learning. Here we set out to begin assessing the possibility that more complex 

learning and memory brain systems may be altered in a similar way. The parietal hippocampal 

network has been shown to be part of the brain network responsible for learning, memory and 

spatial navigation and has not been previously assessed following neonatal stress. To test for 

how early stress affects learning and memory in the parietal hippocampal network, GR 

expression was quantified. By using previously obtained coronal sections of brain data, GR 

expression was analyzed in the parietal cortex. Neonatal maternal separation was found to not 

significantly alter GR expression in the parietal cortex or effect stress on the parietal 

hippocampal network. GR expression varies oppositely from studies on connectivity and 

differences in regional GR expression is suggested to not interact with neonatal stress.  

 
 
 
 
 

 
 
 
 
 

 
 



 

 

 

2 

Introduction  

In times of stress, the hypothalamic pituitary adrenal is known to release glucocorticoids 

as part of a normal system for handling severe situations. However, abnormal activation of this 

“emergency” system can cause problems. For example, stress early in life has been shown to 

produce changes in the stress-response system later in life (Glod and Teicher, 1996) and can also 

produce impairments in adult learning (Uysal et al. 2005; Aisa et al., 2007).  

One common way to study the effects of stress are through the study of rats. Maternal 

separation in rats is a common way to study how stress impacts the brain. Prolonged daily 

maternal separation has been found to impair memory as well as spatial awareness (Uysal et al. 

2005). It has been previously found that neonatal maternal separation has been found to alter the 

concentration of glucocorticoid receptors (GR) in regions such as the hippocampus (Ladd et al., 

2004). Glucocorticoids are important for the modulation of stress for adult learning and memory 

(Roozendaal et al., 2004). 

 Previously, our laboratory made use of a simple model of learning and memory to assess 

the effects of early stress in the form of daily maternal separation on adult learning and memory 

(eyeblink conditioning) (Wilber et al.,2007). Eyeblink condition is a type of classical 

conditioning that is a form of associative learning, and the neural circuitry including the key sites 

of learning-related plasticity are known (Christian and Thompson, 2003). Thus, eyeblink 

conditioning is a useful model system that can be used to mechanistically examine the effects of 

neonatal stress on adults. 

 Using this approach, we showed that adult eyeblink conditioning was impaired following 

early-life stress and this impairment was tightly linked to an increase in GR in the interpositus 

nucleus of the cerebellum, part of the neural circuitry previously shown to be critical for eyeblink 

conditioning (Wilber et al., 2007; Wilber et al., 2010). Specifically, neonatal separation increases 
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glucocorticoid receptors in male rats by altering the normal developmental trajectory for this 

receptor (Wilber and Wellman, 2009). Blocking GR in rats by reducing GR activation to optimal 

levels leads to impairing eyeblink conditioning and improving performance (Wilber et al., 2010). 

In addition to helping us to better understand stress-related changes in brain networks that are 

critical for learning, this same approach has implications for mental disorders such as 

schizophrenia which also have developmental underpinnings (Wilber, Lin, and Wellman, 2011). 

 It is unknown if the mechanism we described in this simple model system might be 

extendable to the brain circuitry and behavior underlying more complex forms of learning and 

memory, such as spatial navigation. Glucocorticoid receptors are abundant in a critical brain 

region for spatial navigation, the hippocampus (Roozendaal et al., 2003), suggesting a similar 

mechanism may exist in navigation related circuitry. To test the hypothesis of similar 

impairments and mechanisms to those previously identified, eyeblink conditioning exists for 

more complex forms of memory and learning therefore we chose to focus on the parietal-

hippocampal network where new evidence suggests this network is critical to spatial orientation 

(Clark et al., 2018).  

 Currently, much of the research done on the hippocampus has focused on the 

ventral/posterior hippocampus due to the known anxiety-related roles of this region. For 

example, the hippocampal activation has been shown to differentiate post-traumatic stress 

disorder (PTSD) from generalized anxiety disorders (GAD) and in the human posterior 

hippocampus (analogous to rodent ventral hippocampus) compared to healthy controls (Chen 

and Etkin, 2013). Therefore, we set out to examine the dorsal hippocampus and parietal cortex 

which is part of the brain network for learning and memory for spatial navigation (Clark et at., 

2018; Hasselmo et al., 2002). To begin testing the hypothesis that early stress may affect other 

forms of learning and memory, including those that underlie that ability to orient in our 



 

 

 

4 

surroundings (Rosenzweig et al., 2003; Clark et al., 2018; Wilber et al., 2014; Hasselmo & Stern, 

2018), we quantified GR expression in the parietal cortex of maternally separated rats for 60 

minutes (MS60) versus control animals. Previous pilot analyses by Dr. Wilber suggested that GR 

receptors are not significantly changing in the dorsal hippocampus, thus I chose to focus on GR 

expression in the parietal cortex which has not been previously studied.  By using previously 

obtained coronal sectioned brain data that has already undergone GR Immunohistochemistry 

from (Wilber et al., 2007), GR intensity was determined in the parietal cortex. GR intensity in 

the parietal hippocampal network can be hypothesized to be more intense if increased maternal 

separation occurred. GR expression is also hypothesized to differ in a sex-dependent manner 

which was also found by (Wilber et al., 2007) in the Interpositus Nucleus of the Cerebellum. The 

purpose of this study was to determine if neonatal stress effected the parietal hippocampal 

network expression of GR in the parietal cortex. 

 

Methods 

Animals  

In Dr. Aaron Wilber’s previous experiment, pregnant Long Evans Blue Spruce rats were 

housed in standard laboratory cages, had food and water available as desired, and were kept on a 

12:12 hour light and dark cycle (Wilber et al., 2007). Day of birth was known as postnatal day 

(PND), and on PND 2, the pups were culled into litters of 9-11 and kept closely to 1:1 male to 

female ratios to ensure equal access to the dam across litters (Wilber et al., 2007).  

Maternal Separation  

 The litters were separated randomly into either the control group, gentle handling for 15 

minutes, maternal separation for 15 minutes (MS15), or maternal separation for 60 minutes 

(MS60) on PND 2-14 (Wilber et al., 2007). Rats apart of the MS60 group were placed into an 
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incubator for a separation period of 60 minutes and on PND 28 the rats were prepped for 

eyeblink condition surgery (Wilber et al.,2007). For the purpose of my thesis, the effects of 

neonatal stress where only examined in the control and MS60 group.  

Eyeblink Conditioning  

 After the manipulations of stress were verified using a neonatal corticosterone assay, on 

days 65-99 days of age the rats underwent surgery in preparation for eyeblink conditioning 

which required the implantation of electromyographic (EMG) and stimulating electrodes (Wilber 

et al., 2007). After the rats recovered from surgery, eyeblink conditioning of the rats took place 

inside operant boxes (Wilber et al., 2007).  

GR Immunohistochemistry  

 Once testing was complete, the rats were perfused and the brain was removed and cut 

into coronal sections that were incubated in phosphate buffered saline (PBS) (Wilber et al., 

2007). In order to be able to quantify the cells that contain the receptors, the receptors had to be 

visualized in order to be counted. This process of quantifying and counting was done through 

immunohistochemistry. The GR was the primary antibody and secondary antibodies were added 

on and an ABC amplification occurred and was visualized using a nickel intensified DAB 

reaction which attaches to the dark molecules which are the ones that can be seen known as the 

Avidin-biotin complex reaction (Wilber et al., 2007). Once GR immunohistochemistry was 

complete, staining of the cells can be visibly seen (Figure 1). GR immunohistochemistry data 

was previously generated by Dr. Aaron Wilber’s previous experiment but had not been analyzed 

in the parietal cortex.   

Data Collection  

For my thesis, three males and three females from the control group and from the MS60 

group were examined (n=6/group). To normalize for differences in staining, animals from each 
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group were processed in simultaneous sets. Animals in each group were processed for 

immunohistochemistry staining to minimize the differences in illumination during collection. To 

minimize bias, data collection and normalization was collected without the knowledge of which 

group the data had come from.  Using an Olympus DP72 microscope at 400x the coronally cut 

brain sections from (Wilber et al., 2007) were examined. Microscope settings were kept 

consistent across all animals and brain regions. Data collection from the parietal cortex were 

collected for 4 sub-regions that we have previously characterized in anatomical and 

electrophysiological studies: Medial Parietal Association Cortex (MPTA), Lateral Parietal 

Association Cortex (LPTA), Visual Cortex 2 mediomedial part (V2MM), and Visual Cortex 2 

mediolateral part (V2ML; Wilber et al., 2014, Wilber et al., 2015, Wilber et al., 2017). Each 

region of the brain that was examined was cross-referenced with a rat atlas that contained the 

coronal sections of the rat brain going from anterior to posterior (Paxinos & Watson, 2007). Each 

coronally sliced brain section was first sorted into anterior and posterior sections using the rat 

atlas. Regions that were knife damaged, too darkly stained, or too bleached were excluded. The 

MPTA, LPTA, V2MM, and V2ML regions were examined and saved as images. White matter 

samples were first collected for each region of the brain and automatically white balanced. Then 

data was collected from the superficial layer, then for the deep layer. This data collection 

pipeline is identical to previous papers (Wilber, Lin, & Wellman, 2011).  

Once data collection for each of the previous regions were completed, the effects of stress 

were quantified using a computer-based image analysis system called Steroinvestigator. For each 

region, luminosity in an area of white matter was collected to normalize each luminosity value to 

“background” levels (Wilber et al., 2011). The background levels for the white matter regions 

were examined. Steroinvestigator was used to collect luminosity values for each cell body in the 

superficial and deep layers. To collect luminosity data, cells in the superficial and deep layers 
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were isolated by a manually drawn contour that indicated the brightness of each contoured area. 

Collecting the luminosity values of the white matter and then the superficial and deep layers, 

allowed for the normalization of luminosity values. When manually drawn contours were 

collected, there was a set criterion designed to bias towards pyramidal cells, thus we only 

included cells with large and multipolar soma. For these cells, collection was for the average 

luminosity (brightness) per pixel of each soma (Wilber et al., 2011).  

 

Data Analysis  

 Upon finishing data collection, I was no longer blinded and proceeded in sorting animals 

into controls or MS60. The mean brightness, collapsed across sub-regions (superficial and deep 

layers), was normalized to the white matter sample from just below that region which was used 

for setting the automatic white balance. Then the mean brightness was calculated for each region 

(MPtA, LPtA, V2MM, and V2MM) for each animal in each group. To then more carefully 

examine potential differences in staining, mean numbers of neurons will be categorized by 

immunostaining intensity to measure differences in protein expression in immunostained 

material where the correspondence between staining and protein is not 1:1 and can vary (Wilber 

et al, 2007). Then the standard error of the mean was calculated for each of the brain regions and 

plotted for visual comparison. 

Results 

There were no significant differential effect of region (MPTA, LPTA, V2MM, and 

V2ML) across group (Figure 2; Control vs MS60; Fs(3, 15) = 1.26, p = 0.32), or a significant effect 

of group (Fs(1, 15) = 3.24, p = 0.13) or of region alone (Fs(3, 15) = 2.30, p = 0.12). Though there 

were no significant differences, there was an interesting pattern of greater GR expression in more 

posterior regions of parietal cortex (V2) compared to anterior regions (PTA) seen in Figure 2. 
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When males and females were compared separately between the control and the MS60 group, 

the results were found to be similar.  

GR expression found in male rats between the control and MS60 group, were not found 

to be significant (Figure 3). Only 3 males were examined for the control and the MS60 group so 

there was not enough data present to conduct an ANOVA test for just male rats. Even though 

there was no significance found between male rat in control and MS60 groups, there appears to 

be a difference in GR expression in the anterior regions of the parietal cortex between control 

and MS60 groups (Figure 3).  

GR expression found in female rats between the control and the MS60 group were not 

found to be significant (Figure 4). Only 3 females were examined for the control and MS60 

group so there was not enough data present to conduct an ANOVA for just female rats. Similar 

to the male rats, even though there was no significant difference found between the controls and 

the MS60 group, there seems to be a prevalent pattern of GR expression present (Figure 4). GR 

expression in the parietal cortex appears to have a pattern of greater GR expression than in the 

anterior parietal cortex (Figure 4).  

The collapsed data of (Figure 2) and the data comparing male and female rats against the 

control and MS60 groups (Figure 3 & Figure 4) all express a pattern of differences in GR 

expression from the anterior parietal cortex to the posterior parietal cortex although not being 

significant.  

 When male and female controls were compared, females seem to not vary between the 

anterior parietal cortex, posterior parietal cortex, or medial to lateral regions (Figure 5). The 

control males seemed to portray differences in GR expression between the anterior parietal 

cortex and the posterior parietal cortex (Figure 5). The control group for male and females were 
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similar in the posterior parietal cortex but seemed to portray slightly differences in GR 

expression for the anterior parietal cortex (Figure 5).  

 

Discussion  

 This study portrays that neonatal maternal separation does not significantly alter GR 

expression in the parietal cortex. However, there was a non-significant increase in GR expression 

in more posterior regions of parietal cortex compared to anterior regions that was seen across all 

figures (Figure 2; Figure 3; Figure 4; Figure 5). Male rats portrayed greater differences in GR 

expression in the anterior parietal cortex in the MS60 group (Figure 2; Figure 5) while female 

rats portrayed greater differences in GR expression the posterior parietal cortex in the MS60 

group (Figure 3). Control male and females did not express significant differences in GR 

expression except for the anterior parietal cortex where the females seemed to show higher 

expressions of GR. These portrayed differences were interesting and worthy of notice but were 

ultimately nonsignificant. No significant results were found in differential effect of region across 

group (p=0.32), significant effect of group (p=0.13), or region alone (p=0.12). The effect of 

group and region alone are not too far off from significance and an increase of male data added 

to the results may lead to a possible change in significance value making the data significant.  

 The differences in GR expression between male and female rats in the MS60 group may 

be due to a sex-dependent difference. Sex-dependent differences were also discovered in the 

neonatal maternal separation on eyeblink condition when examining the interpositus nucleus 

(Wilber et al.,2007). This paper notes the interesting pattern of difference in the anterior parietal 

cortex of males to differences in the anterior parietal and posterior parietal GR expression of 

both males and females. 
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Neonatal maternal separation did not seem to effect stress on the parietal hippocampal 

network. GR expression did not significantly change in any of the regions, or groups indicating 

that parietal hippocampal network may not be a network that is heavily affected by stress. Thus, 

maternal separation effects may be restricted to certain forms of learning and memory such as 

motor learning and learning related to anxiety. 

Future directions of study will focus on the differences between males and female rats of 

both the control group and the group that had maternal separation for 60 minutes. Separating the 

animals out by gender and then analyzing the data may show differences due to neonatal 

maternal separation effects on stress in the parietal hippocampal region between the genders 

(Wilber et al., 2007). Since there were some patterns of differences developed between male and 

female rats, increasing the number of rats for both males and females could affect the 

significance of the results. Examining the collected data as un-collapsed would provide 

information if neonatal maternal separation has an effect on the superficial or deep layer of a 

region. By un-collapsing the data represented in the results (Figure 2), both the superficial and 

the deep layers could individually be normalized to white matter showing the possible 

differences in GR expression dependent upon the superficial or the deep layer. By normalizing 

both layers against the white matter, possible effects between layers in a region could be studied.  

Other future directions would be to collect and analyze the data for the MS15 group that 

was not used in this thesis. Having the MS15 group data collected and analyzed would allow for 

the comparison of MS15 to the MS60 group which would allow GR expression in brief 

separation to long separation of rats to be studied. Previously, it was shown that in male rats, the 

MS60 group expressed lower stress levels on PND 12 while female rats had an increase in stress 

for the MS15 group (Wilber et al., 2007). Having the MS15 group data would allow for GR 
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expression to be tested between these two groups to see if the same results would be found in the 

parietal hippocampal network.  

 Lastly, the data also needs to be analyzed using an intensity-histogram approach which 

has proven to be more sensitive to changes in GR expression (Wilber et al., 2007; Wilber & 

Wellman, 2009; Wilber et al., 2009; Wilber et al., 2010; Wilber et al., 2011). This histography 

approach would allow for the data to be examined by standard deviation of the mean and convert 

histograms and allow counting of how many data points fall into that histogram. Data analyzed 

using an intensity histogram approach is sensitive to changes in GR expression. An intensity 

histogram would be able to automatically determine threshold in white matter and identify its 

intensity peaks.  

In conclusion, more rats are needed to access potential early stress induced changes in the 

parietal cortex. Maternal separation at 60 minutes was examined but not maternal separation for 

15 minutes. Maternal separation for 15 minutes could have impacted the stress of the rats more 

than when separated for 60 minutes. One interesting pattern that did emerge was the higher GR 

expression in posterior regions of parietal cortex compared to the anterior regions. Anatomical 

studies in rats suggests little variability in connectivity along the anterior to posterior axis but 

substantial differences along the medial to lateral axis. The GR expression profile varies in an 

opposite way, it varies along the anterior to posterior axis but not the medial to lateral axis. This 

variance is present in both MS60 and control animals, suggesting a possible genetic difference in 

regional GR expression that does not interact with neonatal stress. 
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 Figure 1.  

Cell staining after immunohistochemistry of an image under 400x in the anterior parietal 
cortex.  
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Figure 2.  
Mean collapsed superficial and deep layer luminosity for each region to the white matter 
for the Medial Parietal Association Cortex (MPTA), Lateral Parietal Association Cortex 
(LPTA), Visual Cortex 2 mediomedial part (V2MM), and Visual Cortex 2 mediolateral 
part (V2ML) for the control and MS60 group.  
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Figure 3.  
Mean luminosity for male rats in each region to the white matter for the Medial Parietal 
Association Cortex (MPTA), Lateral Parietal Association Cortex (LPTA), Visual Cortex 
2 mediomedial part (V2MM), and Visual Cortex 2 mediolateral part (V2ML) for the 
control and MS60 group.  
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Figure 4. Mean luminosity of female rats in each region to the white matter for the 
Medial Parietal Association Cortex (MPTA), Lateral Parietal Association Cortex 
(LPTA), Visual Cortex 2 mediomedial part (V2MM), and Visual Cortex 2 mediolateral 
part (V2ML) for the control and MS60 groups. 
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Figure 5. Mean luminosity of control males and females to the white matter for the 
Medial Parietal Association Cortex (MPTA), Lateral Parietal Association Cortex 
(LPTA), Visual Cortex 2 mediomedial part (V2MM), and Visual Cortex 2 mediolateral 
part (V2ML) for control male and females.  
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