
Summary 
 

Prenatal alcohol exposure leads to several birth disorders and malformations in 

children that are referred as Fetal Alcohol Syndrome (FAS) or Fetal Alcohol Spectrum 

Disorders (FASD), the symptoms of which are visible also in adulthood. The term FASD does 

not fall under the international classification of diseases and is an umbrella concept covering 

many disorders in children that are a consequence of mother’s alcohol consumption during 

pregnancy. FAS is one of the key syndromes within FASD, with well-defined clinical features 

and much more serious outcomes. In this doctoral dissertation, presented as a series of 

publications, the term FASD was used due to the inability of supplying an unambiguous 

definition of FAS in rats, one of the diagnostic criteria of which is craniofacial malformation, 

which is impossible to determine in rodents. Clinical features of FASD/ FAS include memory 

deficits, learning problems, emotional lability, depressive behavior or a tendency to addiction 

to psychoactive substances, including ethanol. It is known that consumption of alcohol by 

mothers during pregnancy alters the activity of the mTOR signaling pathway, also known as a 

mammalian target of rapamycin kinase (mTOR), which acts through two distinct multiprotein 

complexes, mTORC1 and mTORC2. Alterations are observed in the fetal brain, particularly 

in the hippocampus, an area associated with memory, cognition, emotions and drives.  The 

threonine-serine kinase, mTOR kinase, is responsible for several important functions in the 

body's cells. It is also assumed to have an impact on maintaining redox balance. Oxidative 

stress caused by ethanol during the neonatal period may contribute to the onset of FASD 

symptoms in adulthood. Therefore, in these studies underlying the doctoral dissertation, the 

effect of rapamycin, a selective inhibitor of the mTORC1 complex, on the development of 

cognitive and behavioral deficits in adult rats that received ethanol in the neonatal period, was 

examined.  



In the conducted studies, an animal model of FASD was used in Wistar rats, in which 

young males and females received ethanol via an intragastric tube from 4 to 9 days after birth 

(PND 4-9). This period is an equivalent of the third trimester of human pregnancy. 

Rapamycin, a selective mTORC1 inhibitor, was given intraperitoneally before each ethanol 

administration. In addition, to determine whether mTOR-dependent or independent 

mechanisms are involved in the development of FASD, the Torin-2- a compound, which is a 

non-selective mTORC1/ mTORC2 inhibitor, and the FK-506 compound, which affects 

oxidative stress in a manner independent of mTOR, were used. These substances were also 

given intraperitoneally before each administration of ethanol to the pups. To investigate the 

effectiveness of rapamycin treatment, behavioral tests were performed to assess cognitive 

dysfunction (novel object recognition (NOR) test, Barnes maze test, passive avoidance test 

(PA)). Other tests undertaken include, tests to assess emotional disorders (elevated plus maze 

(EPM) test, forced swim test (FST)), and addiction tendency tests (Conditioned Place 

Preference Test (CPP)). Subsequently, an imaging study was performed - proton magnetic 

resonance spectroscopy (
1
H MRS), thanks to which the effect of rapamycin in rats with 

developed FASD on the content of amino acids and amines (glutamine, glutamate, taurine and 

choline) necessary for the proper development of cognitive functions in the dentate gyrus 

(DG) of the hippocampus was evaluated. Moreover, biochemical studies determined the level 

of expression of the GluN2B subunit of the glutamatergic ionotropic receptor NMDA and the 

parameters of oxidative stress (LPO and AP) in the prefrontal cortex, hippocampus and 

striatum in adult rats. 

The results presented in the PhD dissertation papers suggest a detrimental effect of 

ethanol administered to newborn rats on long-term recognition memory (the effect was more 

pronounced in males than in female rats), on spatial memory and adaptability (reverse 

learning). These also reveal the severity of depressive behavior and addiction tendencies in 



adult rodents with developed FASD. The presented research confirms that these deficits are 

associated with disorders in the level of amines and amino acids (glutamine, glutamate, 

taurine and choline) in the hippocampus and with reduced expression of the GluN2B subunit 

of the NMDA receptor and increased parameters of oxidative stress in the hippocampus, 

prefrontal cortex and striatum. The results of the study clearly showed that rapamycin 

inhibited the occurrence of the above-mentioned deficits. These data also indicate the 

involvement of the mTORC1 kinase pathway in the neurodegenerative effect of ethanol on 

the developing brain.  

It can be assumed that rapamycin and related drugs may be a promising therapy in the 

prevention of FASD. 

 


