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There exists a bidirectional relationship between the gut and 
brain with the vagus nerve purported as the acting mediator. 
Dietary macronutrients influence the intestinal microbiota  and 
result in social behavior differences (Buffington et al., 2016). 
Maternal high fat diet (MHFD) induces social behavior 
impairments in offspring while maternal regular diet (MRD) show 
no social behavior impairments in offspring. Furthermore, 
Lactobacillus (L.) reuteri, a Gram-positive gut symbiont, levels 
were 9 times lower and oxytocin (OT) levels were reduced in the 
hypothalamus of MHFD offspring compared to MRD offspring. L. 
reuteri was subsequently introduced into the drinking water of 
MHFD offspring, normalizing OT levels and restoring social 
behavior. Administration of OT directly and intranasally rescued 
social behavior as well. 

The microbiome, which is influenced by host genomics and 
dietary macronutrients, has been shown to influence the 
secretion of the hormone oxytocin, a 9-residue neuropeptide 
responsible for social behavior, signaling contraction of the 
womb, and promotion of lactation. Milk production depends on 
the ability of the pituitary to secrete prolactin and oxytocin. L. 
reuteri is of particular interest due to its association with 
presence of oxytocin neurons in the hypothalamus. 

Previous work by the Hadsell lab at the Children’s Nutrition 
Research Center (CNRC) on varying mice strains reveal a 
correlation between maternal food intake and litter gain. The 
QSi5 mice, a highly fecund strain with high milk producing ability, 
exhibited intestinal hypertrophy with progression through 
pregnancy and lactation, while their PL/J counterparts, a poorly 
fecund strain with low milk producing ability, displayed little 
weight change. Furthermore, 16S sequencing of fecal matter of 
from both strains revealed higher levels of Lactobacillus in QSi5 
mice.

In the following experiment, PL/J and QSi5 mice were compared 
to determine the relationship between intestinal hypertrophy, the 
abundance of L. reuteri, and the activity of the hypothalamic-
pituitary axis. We hypothesize that serum oxytocin levels, the 
abundance of L. reuteri, and oxytocin neurons in the 
paraventricular nucleus will be higher in QSi5 females than in PL/J 
females.

Microscopy and imaging of hematoxylin & eosin stained tissue sections was conducted to compare 
intestinal villus lengths in Qsi5 and PL/J age-matched females at three different physiological stages: 
non-parous control (n=5 per strain), Day 1 of Lactation (n=3 per strain), Day 10 of Lactation (n=5 per 
strain). 
Serum oxytocin concentrations in blood collected from females at day 10 of lactation was measured 
by specific enzyme-linked immunosorbent assay (ELISA).
Detection and quantification of L. reuteri in paraffin sections, prepared from phosphate-buffered 
saline-flushed (PBS) proximal small intestine, was performed through fluorescence in situ 
hybridization (FISH). Quantification of L. reuteri in frozen proximal small intestine from virgin mice 
was also performed.
Visualization and quantification of the number of OT neurons within the paraventricular nucleus of 
the hypothalamus by immunofluorescence was not performed due to time constraints.
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There appears to be greater L. reuteri in PL/J than QSi5 with both 
strains showing significant decreases as lactation progresses, 
which was unexpected and contrary to our hypothesis. 
Concentrations of serum oxytocin for QSi5 and PL/J are similar. 
Increase in small intestinal weights of QSi5 with progression 
through pregnancy and lactation is likely due to the lengthening of 
the villi. However, other factors may be involved as PL/J exhibited 
increasing villi lengths with little change in overall proximal small 
intestinal weight through pregnancy and lactation.  Colonization of 
L. reuteri was mainly located in the crypts and submucosa. L. 
reuteri counts were significantly higher in unflushed, frozen 
sections than flushed sections, but the difference was not as 
drastic as we had expected.

Immunofluorescence for oxytocin neurons in the PVN are still 
needed to finalize the results. Because serum samples were 
collected immediately following milk ejection, serum samples 
from different periods and physiological stages should be collected 
in order to rigorously compare the two strains. 
Experimentation will need to be performed on more samples to 
elucidate the relationship between the microbiome and the 
hormones managing milk production. 
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The American Academy of Pediatrics (AAP), along with WHO, 
UNICEF, and a multitude of studies, currently recommends, that 
infants should be fed breast milk exclusively for the first 6 
months after birth. The impact of breastfeeding is substantial in 
reducing infant mortality, especially incidences of necrotizing 
enterocolitis. Breastfeeding is associated with increased 
intelligence and cognitive development, and in mothers, is 
associated with reduced risk of ovarian cancer, premenopausal 
breast cancer, obesity, type II diabetes, and heart disease. 
Furthermore, the first 1000 days of a baby’s life is an important 
window of opportunity that can have long term health effects on 
the baby’s adult life. Benefits include lower rates of chronic 
diseases such as diabetes (type 1 and type 2), hypertension, 
cardiovascular disease, hyperlipidemia, some types of cancer, 
and inflammatory bowel disorders (IBD) like ulcerative colitis (UC) 
and Crohn’s. Understanding the biology and different factors that 
affect mammary development and lactation can lead to benefits 
in both infant and maternal health.


