
ABSTRACT 

ROCK, KYLIE DANIELLE. Sex-Specific Effects of Firemaster® 550 on Placenta, the 

Developing Brain, and Behavior. (Under the direction of Dr. Heather Patisaul). 

 
Chemical flame retardants (FRs) are commonly applied to consumer products including foam-

based furniture and infant products, textiles, and electronics. Widespread human exposure and evidence 

of endocrine disruption have raised concerns regarding the possible toxicity of these chemicals, 

particularly on the developing brain.  While certain mixtures, such as the polybrominated diphenyl ethers 

(PBDEs), have been phased-out, due to known toxic effects, use of alternative FR mixtures have rapidly 

increased.  Firemaster® 550 (FM 550), which is composed of brominated and organophosphate (OP) 

compounds, has become one of the most commonly used FRs in baby products and residential furniture, 

yet we still know very little about its toxicity.  We identified evidence of endocrine disruption and sex-

specific behavioral effects in rats exposed to FM 550 during development.  Furthermore, we have shown 

that components of FM 550 can be placentally and lactationally transferred to the developing offspring.  

Throughout gestation, the placenta is a critical coordinator of fetal growth and development, including 

neurodevelopment.  Certain chemicals, including FRs, have been found to accumulate in placental tissue.  

Given the important role the placenta plays in fetal programming, the studies reported in this dissertation 

were conducted to test the hypothesis that placental dysfunction may be a critical but underappreciated 

mechanism by which environmental chemicals, such as FRs, induce changes in brain and behavior. 

Wistar rat dams were exposed to a range of human relevant doses during the perinatal window (0, 

100, 300, and 1000 mg/day; GD 9 ï PND 21) for offspring behavioral assessments or during the 

gestational window (0, 300, 1000 mg/day; GD 9 ï 18) to evaluate accumulation and molecular endpoints 

in the placenta.  Behavioral findings were sex-specific with males displaying increased anxiety-like 

behavior, while females appeared to be hyperactive.  Placental accumulation of FM 550 was dose 

dependent and in some cases (TBPH and TPHP) sex-specific, with high dose male-associated placentas 

accumulating more than high dose female-associated placentas.   



We hypothesized that sex-biased placental accumulation would result in sex-specific changes in 

placental function and ultimately lead to sex differences in neurodevelopmental outcomes.  Using 

untargeted (RNA-seq and metabolomics) and targeted (qRT-PCR and neurotransmitter analysis) 

approaches we conducted a thorough molecular investigation of these placentas.  Multiple pathways 

relevant to brain development were altered by FM 550 exposure, such as endocrine, inflammatory, and 

neurotransmitter signaling pathways.  Some changes were sex-specific, including changes in serotonin (5-

HT) that were observed in both the placenta and fetal forebrain of female offspring.  These findings 

indicate that FM 550 has the potential to impact brain development by altering normal placental functions 

and highlights 5-HT signaling between the placenta and brain as a potentially causal mechanism.   

Due to widespread use of the OPs (TPHP and ITPs), in complex mixtures like FM 550 or 

individually as a FR plasticizer, and structural similarities to known neurotoxic chemicals (OP pesticides) 

we wanted to compare and identify mechanisms that may be specific to the OPFRs in FM 550.  Since 5-

HT signaling was previously identified as a mechanism of interest, and the placenta synthesizes 5-HT 

needed for fetal forebrain development from GD 10 ï 15, we adjusted our gestational exposure window.  

Wistar rat dams were exposed to a mixture of TPHP and ITPs during gestation (TPHP and ITPs; 0, 500, 

1000, and 2000 mg/day; GD 1 - 14).  Changes in the length of 5-HTergic projections in the fetal brain, as 

well as 5-HT levels and the expression of genes responsible for the transport, synthesis, and metabolism 

of 5-HT in exposed placentas were observed, this time in male offspring.  Our findings highlight placental 

5-HT disruption as a conceivable mechanism by which the OP components of FM 550 impact brain 

development and behavior in a sex-specific manner. 
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