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Evaluation of a Novel Reduced Enrichment Rat Model of Depression Using Elevated Plus Maze and Cortical Monoamine Analysis
Hope Kellner, Wendy Lin, Alice Mazur, Chelsea McNamara, Stacey Saunders Jr., and Dr. Deborah Kreiss

First-year Research Immersion Program, Binghamton University, Binghamton, NY 

INTRODUCTION
Depression

○ A mental health disorder compromising thoughts, feelings and actions.1 
○ Affects approximately 6,150 students at Binghamton University in a 

given year.2  

○ Twice as prevalent in women than men.3

○ Up to 60% of Major Depressive Disorder patients have an inadequate 
response to antidepressant treatments.4

Rat Animal Model
○ Rats’ behavior mimic social behavior seen in humans.5

○ Brain structures and physiology analogous to those of humans.5 
Reduced Enrichment Model

Acquisition of Tissue Samples6

Preparation of Supernatants7 

HPLC Analysis

1. American Psychiatric Association (2020). What is depression? Depression.
2. American Psychological Association (2013). College students’ mental health is a growing concern, survey finds. 44:6:13
3. Noble R (2005). Depression in women. Metabolism. 4:49–52.
4. Souery D, Papakostas GI, and Trivedi MH (2006). Treatment-resistant depression. Journal of Clinical Psychiatry. 6:16-22.
5. Ellenbroek B and Youn J (2016). Rodent models in neuroscience research: is it a rat race? National Institute of Health. 9:10:1079-1087.
6. Smith B, Lyons C, Correa F, Benoit S, Myers B, Solomon M, and Herman J (2017). Behavioral and physiological consequences of enrichment loss 

in rats. Psychoneuroendocrinology. 77:37-46.
1. Paxinos G and Watson C (1986). The Rat Brain in Stereotaxic Coordinates. Academic Press. NY.
2. Bishop C, George JA, Buchta W, Goldenberg AA, Mohamed M, Dickinson SO, Eissa S, and Eskow Jaunarajs KL (2012). Serotonin transporter 

inhibition attenuates L‐DOPA‐induced dyskinesia without compromising L‐DOPA efficacy in hemi‐parkinsonian rats. European
Journal of Neuroscience. 36:2839-2848.
 

EPM: Open Arm Entries
○ Reduced enrichment decreased open arm entries by female rats
 
○ Sex differences were observed initially between male and female rats

○ Sex differences were observed in Male and Female Control Trial 2 as a 
result of age

EPM: Closed Arm Entries
○ Male controls entered a fewer number of closed arms as a result of age

○ Sex differences were observed as a result of age 

Two-Way ANOVA
Open Arms
○ Two-Way ANOVA indicated the effect of trial is significant 

[F(1,34)=23.06, p<0.01]

○ Two-Way ANOVA indicated a significant effect of Trial [F(1,34)=23.54, 
p<0.01] and of Sex [F(1,34)=10.68, p=0.002]

Closed Arms
○ A two-way ANOVA indicated that the effect of Enrichment 

[F(1,33)=1.41] and the interaction between Enrichment and Trial 
[F(1,33)=4.77, p=0.036] were significant

Neurochemical Analysis
○ 5-HT levels in the OFC were higher in Reduced Females compared to 

Control Females

○ NE levels in the OFC trended to be higher in Reduced Females   
compared to Control Females

OBJECTIVES

Behavioral Analysis Timeline

Reduced Enrichment Increased 
Anxiety-Like Behaviors in the EPM for 

Female Rats
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Figure 1. Comparison of the Number of Open Arms 
Entered in 5 minutes by Male Control Trial 1 and Male 
Control Trial 2, Male Reduced Trial 1 and Male Reduced 
Trial 2, Female Control Trial 1 and Female Control Trial 
2, and Female Reduced Trial 1 and Female Reduced Trial 
2. *represents p< 0.05, **represents p<0.01, and # 
represents 0.05<p<0.08.

Figure 2. Comparison of the Number of Closed Arms 
Entered in 5 minutes by Male Control Trial 1 and Male 
Control Trial 2, Male Reduced Trial 1 and Male Reduced 
Trial 2, Female Control Trial 1 and Female Control Trial 2, 
and Female Reduced Trial 1 and Female Reduced Trial 2. 
** represents p<0.01 and # represents 0.05<p< 0.08.

NE and 5-HT Levels in the OrbitoFrontal Cortex 
may Underlie EPM Open Arm Behavioral 

Differences in Female Rats

Figure 3. Comparison of the levels of NE in Male 
Control, Male Reduced, Female Control, and Female 
Reduced *represents p< 0.05, and # represents 
0.05<p<0.08.

Figure 4. Comparison of the levels of 5-HT in Male 
Control, Male Reduced, Female Control, and Female 
Reduced. *represents p<0.05, and **represents p<0.01.

 

○ Evaluate alternate neurotransmitters in the MC and OFC

○ Evaluate different behaviors to observe anxiety-like behaviors  

○ Evaluate neurochemistry in alternate structures in the brain 

○ Use in vivo microdialysis with HPLC to analyze monoamines 

○ Rats are significantly affected by 
removal from high enrichment which 
can represent aspects of depression.6

○ Open and Closed arm entries in the 
Elevated Plus Maze (EPM) were used 
to analyze the effects of reduced 
enrichment.

FUTURE DIRECTIONS

In combination, the behavioral and neurochemical results 
suggest the reduced enrichment model has validity for 

females

* all schematics made in BioRender

Assess the validity of a reduced enrichment rat model of depression 
through behavioral analysis in the EPM and monoamine analysis of 
norepinephrine (NE), serotonin (5-HT), and dopamine (DA) in the 

Motor and OrbitoFrontal Cortices
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