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We expect that: 

• Probiotic treatment will serve as a protective factor against LPS-induced c-Fos reactivity

• Mice exposed to LPS will display greater c-Fos expression following restraint stress in the paraventricular 

nucleus of the hypothalamus 

• Mice treated with the probiotic will show less c-Fos expression in this area then mice that were not exposed 

to probiotics during puberty

• No significant diffrences in c-Fos expression between males and females

c-Fos expression:  

• The results should support the hypothesis previously mentioned. 

• This research will provide a better understanding of the effects of pubertal immune exposure and of the protective 

effects of probiotics by providing an understanding of the role of gut bacteria diversity on brain development during 

puberty and understand the mechanism of gut-brain interaction. Results could propose a potential preventative 

measure for anxiety and other stress-related disorders

Future directions: 

• Examine other brain regions for c-Fos expression and biomarker that respond to stress

• Examine commercially available probiotics containing greater strains of bacteria

• Will brain differences exist if probiotic was taken for a short period of time (one week) vs throughout lifetime

Probiotic treatment (from 5-7 weeks of age):

• Mice were given Broth containing Lactobacillus reuteri

or a control broth for 2 weeks during development

Intraperitoneal injection (6 weeks of age):

• Mice received an intraperitoneal injection (IP) of LPS 

or saline. 

30-minute restraint stress (10 weeks of age, adulthood): 

• Mice were exposed to a restraint stress followed by 

brain collection for analysis of the c-Fos marker

Puberty is particularly vulnerable to the impact of stress. 

Exposure to immune challenge (lipopolysaccharide; LPS) 

during this critical period causes long-term effects on 

cognitive functioning and anxiety[1]. Recently, studies 

have shown a link between the gut microbiome and the 

central nervous system with respect to altered behaviours 

such as anxiety or stress[2,3]. Altering the gut microbiota 

through probiotics decreases anxiety and, stress 

response[2,3]. However, little research has been done 

during the pubertal period. 

Objective:

Examine the effects of pubertal exposure to probiotics and 

an immune challenge on brain activation following 

restraint stress in adulthood in male and female mice.

Hypothesis: 

• Mice exposed to LPS will show greater c-Fos

expression following restraint stress in the 

paraventricular nucleus of the hypothalamus (i.e. a 

brain regions involved in the stress response) compared 

to saline-injected controls. 

• Mice treated with the probiotic Lactobacillus reuteri

will display less c-Fos expression in this area compared 

to mice that were not exposed to probiotics during 

puberty.

• Probiotic treatment will serve as a protective factor 

against LPS-induced c-Fos reactivity.
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