
Early-life stress induces various negative outcomes, including increased 
anxiety-like behaviours, cognitive impairment, and neurodevelopmental 
dysfunction [1]. These adverse effects are often driven by changes in 
biological mechanisms, including the hypothalamic-pituitary-adrenal 
(HPA) axis or inflammatory responses [2]. Emerging research highlights 
the crucial role of gut microbiota in modulating these stress-related 
outcomes [3]. Indeed, the intestinal microbial community plays a pivotal 
role in stimulating the immune system and communicating with the 
brain, thereby impacting host behaviour. 
.

In conclusion, these results suggest that KD modulate the cecum microbiota composition. These changes are likely to have a positive impact on gut-
brain communication, consequently improving mental health outcomes. Future studies that consider behavior and brain areas in the analyses will be 
needed to uncover the mechanisms underlying these interactions.

ABSTRACT

Pregnant Sprague-Dawley rats were exposed to a well-established 
Prenatal Stress Paradigm (PNS) from the gestational day 14 to 21. After 
weaning (PND 21), control and stress-exposed male offspring were 
randomly assigned to receive KD or control diet. Animals underwent 
behavioral assessments during adolescence (PND 40) and were sacrificed 
at PND 48 where several tissues were collected. 

METHODS

KD reduced alpha diversity (Observed ASVs) in both CTRL and PNS 
animals (q ≤ 0.024). The beta diversity, on the other hand, shows an 
opposite trend. 

RESULTS
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DNA extracted from the cecum 
microbiota was amplified using 
primers targeting the V3-V4 region 
of the bacterial 16S rRNA gene. 
Raw sequencing data were 
imported into QIIME2 to analyze 
the alpha and beta diversity while 
the assessment of compositional 
changes of bacteria at the genus 
level was performed using 
MaAsLin2. 

MaAsLin2 analyses allowed a comparison between PNS and CTRL 
KD-fed and CTRL animals fed with the control diet, showing that KD 
increased the relative abundance of different taxa such as 
Coprobacillus, Hungatella and Marvinbryantia. In contrast, other taxa 
including Incertae Sedis, Muribaculaceae, Odoribacter and 
Ruminococcus had been reduced.

n° 765/2023-PR

1 Biological Psychiatry Lab, IRCCS Centro San Giovanni di Dio - Fatebenefratelli, Brescia, Italy 2 Department of Pharmacological and Biomolecular Sciences, University of Milan, Milan, Italy

References

[1] Nicolaides, N. C., Kanaka-Gantenbein, C., & Pervanidou, P. (2024). Developmental Neuroendocrinology of Early-Life Stress: Impact on Child Development and Behavior. Current neuropharmacology, 22(3), 461–474. https://doi.org/10.2174/1570159X21666230810162344
[2] Fogelman, N., & Canli, T. (2019). Early Life Stress, Physiology, and Genetics: A Review. Frontiers in psychology, 10, 1668. https://doi.org/10.3389/fpsyg.2019.01668
[3] Foster, J. A., Rinaman, L., & Cryan, J. F. (2017). Stress & the gut-brain axis: Regulation by the microbiome. Neurobiology of stress, 7, 124–136. https://doi.org/10.1016/j.ynstr.2017.03.001
[4] Tillery, E. E., Ellis, K. D., Threatt, T. B., Reyes, H. A., Plummer, C. S., & Barney, L. R. (2021). The use of the ketogenic diet in the treatment of psychiatric disorders. The mental health clinician, 11(3), 211–219. https://doi.org/10.9740/mhc.2021.05.211 

Analysis of the alpha and beta diversity of the cecal content in male offspring. Boxplot of alpha 
diversity by Observed features and Shannon, and beta diversity by Jaccard distance and Bray Curtis. 
*p < 0.05, **p < 0.01.

The ketogenic diet (KD), characterized by 
high fat and low carbohydrate intake 
showed promising results in reducing 
symptoms associated with several 
psychiatric disorders [4]. However, the 
biological mechanisms underlying the 
effect of KD are still unclear. This study 
investigated the effect of the KD in 
response to early-life stress by regulating 
the gut microbiota.
.
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Bacterial taxonomic 
profile (log-
transformed) identified 
by MaAsLin2 to display 
the microbial differences 
among the groups in 
cecal content, in male 
offspring. *q < 0.10, **q 
< 0.05,***p < 0.01, 
****p < 0.001.

Beta DiversityAlpha Diversity
*

**
* **

O
bs

er
ve

d 
Fe

at
ur

es

Taxonomic Difference at genus level

***

**** ****
*** ****

****
****

Re
la

tiv
e 

ab
un

da
nc

e

****

****
****           

****       

CTRL
CTRL KD
PNS
PNS KD

** ****

****
****           

****          **

*
** **

**

***
***

**

Re
la

tiv
e 

ab
un

da
nc

e

Re
la

tiv
e 

ab
un

da
nc

e

Re
la

tiv
e 

ab
un

da
nc

e

Re
la

tiv
e 

ab
un

da
nc

e

Re
la

tiv
e 

ab
un

da
nc

e

Re
la

tiv
e 

ab
un

da
nc

e

Coprobacillus Incertae Sedis Hungatella

OdoribacterMuribaculaceaeRuminococcusMarvinbryantia

vv

v**vv ****vv
****v

****v

****v

O
bs

er
ve

d 
fe

at
ur

es

*
*
* **

*
**
* **

Ja
cc

ar
d

*

Taxonomic Difference at genus level

***

**** ****
*** ****

****
****

Re
la

tiv
e 

ab
un

da
nc

e

****

****
****           

****       

CTRL
CTRL KD
PNS
PNS KD

** ****

****
****           

****          **

*
** **

**

***
***

**

Re
la

tiv
e 

ab
un

da
nc

e

Re
la

tiv
e 

ab
un

da
nc

e

Re
la

tiv
e 

ab
un

da
nc

e

Re
la

tiv
e 

ab
un

da
nc

e

Re
la

tiv
e 

ab
un

da
nc

e

Re
la

tiv
e 

ab
un

da
nc

e
Coprobacillus Incertae Sedis Hungatella

OdoribacterMuribaculaceaeRuminococcusMarvinbryantia

vv

v**vv ****vv
****v

****v

****v
Sh

an
no

n 
in

de
x

Taxonomic Difference at genus level

***

**** ****
*** ****

****
****

Re
la

tiv
e 

ab
un

da
nc

e

****

****
****           

****       

CTRL
CTRL KD
PNS
PNS KD

** ****

****
****           

****          **

*
** **

**

***
***

**

Re
la

tiv
e 

ab
un

da
nc

e

Re
la

tiv
e 

ab
un

da
nc

e

Re
la

tiv
e 

ab
un

da
nc

e

Re
la

tiv
e 

ab
un

da
nc

e

Re
la

tiv
e 

ab
un

da
nc

e

Re
la

tiv
e 

ab
un

da
nc

e

Coprobacillus Incertae Sedis Hungatella

OdoribacterMuribaculaceaeRuminococcusMarvinbryantia

vv

v**vv ****vv
****v

****v

****v

Taxonomic Difference at genus level

***

**** ****
*** ****

****
****

Re
la

tiv
e 

ab
un

da
nc

e

****

****
****           

****       

CTRL
CTRL KD
PNS
PNS KD

** ****

****
****           

****          **

*
** **

**

***
***

**

Re
la

tiv
e 

ab
un

da
nc

e

Re
la

tiv
e 

ab
un

da
nc

e

Re
la

tiv
e 

ab
un

da
nc

e

Re
la

tiv
e 

ab
un

da
nc

e

Re
la

tiv
e 

ab
un

da
nc

e

Re
la

tiv
e 

ab
un

da
nc

e

Coprobacillus Incertae Sedis Hungatella

OdoribacterMuribaculaceaeRuminococcusMarvinbryantia

vv

v**vv ****vv
****v

****v

****v

B
ra

y 
C

ur
tis

Ja
cc

ar
d 

di
st

an
ce


