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Introduction A growing body of research in recent years highlights the importance of early-life events in determining the 
health status in adulthood. The maternal separation (MS) model in rodents has been widely used to investigate prolonged 
effects of early-life adversity on neurobiological and behavioral outcomes in adulthood. So far, however, little is known as 
whether early-life adversity has any effect on the risk of developing endometriosis in adulthood. We have previously reported 
that chronic stress can promote the development of endometriosis in mice. However, this stress was instituted and acted on 
mice when they are already fully matured. It is unclear whether early-life adversity would have any effect, if any, on the 
development of endometriosis. This study was designed to address this question.  
 
Materials and Methods Twenty-two newborn female Balb/c mice were randomly divided into two groups: the control group 
and the MS group. Pups in the MS group underwent a maternal separation protocol whereby they were separated from their 
dams for 3 hours each day in postnatal week 1 to 3. In control pubs, no MS was instituted. In adulthood (8-week old), the 
levels of depression and anxiety were evaluated by tail suspension test, open-field test and forced swimming test. Then 
endometriosis was induced by injection of uterine fragments, harvested from donor mice, into the peritoneal cavity. Four 
weeks after the induction, all mice were sacrificed and their endometrial implants were excised for quantification and then 
prepared for immunohistochemistry analysis of adrenergic receptor β2 (ADRB2), dopamine D2 receptor (DRD2), CD31 (for 
microvessel density or MVD), E-cadherin, α smooth muscle actin (α-SMA) as well as Masson trichrome staining to quantify 
the extent of lesional fibrosis.  
Results In adulthood, mice in the MS group exhibited significantly higher levels of depression and anxiety than the control 
group. They also had significantly higher lesion weight than the control group. In addition, MS resulted in significantly 
elevated staining levels of ADRB2, α-SMA and the MVD, but decreased staining levels of DRD2 and E-cadherin in lesions. 
The extent of lesional fibrosis also was significantly increased in MS mice. 
Conclusion Exposure of female mouse pups to stress during the early infancy period disrupts physiological and behavioral 
functioning, and possibly neuronal wiring. Maternal separation, as a form of early-life adversity, alters the hypothalamic–
pituitary–adrenal (HPA) axis and increases depression as well as anxiety levels in adulthood. Therefore, it can be concluded 
that early-life adversity can accelerate the development of endometriosis.  
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