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Introduction

Perfluorinated compounds (PFCs) have been identified as an emerging class of persistent environmental
contaminates and found to be present in humans as well as wildlife '**. PFCs are found in numerous industrial
and consumer applications such as stain resistant treatment coatings for clothing fabrics, carpets, and oil-resistant
coatings for paper products in food contact. It is also used in fire extinguishers *. The PFCs are stable and found
to accumulate in the environment due to their chemical stability and general lack of biodegradation °. The human
half-lives for the most relevant PFCs, e.g. PFOS and PFOA are about 4-6 years °.

A recent report from WWF, indicate a higher level of PFCs in the children’s generation, compared to mother’s
and grandmother’s generation ’. This is the opposite of older, banned persistent chemicals as organochlorine
pesticides and PCBs. Lau et al. have reported that PFOS can cause developmental neurotoxic effects in rats and
mice following exposure throughout pregnancy. The pups were born alive, active, and pink, but 30-60 after birth,
following exposure to 10 mg PFOS/kg body weight the neonates became pale, inactive, and moribund, and died
soon afterward . We have earlier reported that low-dose exposure to environmental contaminated like PCBs,
DDT, and PBDEs during a critical period of neonatal brain development can lead to disruption of the adult brain
function. The disruptions was manifested deranged spontaneous behaviour, lack of/or reduced habituation, defect
learning and memory faculties and changes in the cholinergic neurotransmission *'*!'""'>!>1415 Recently, we
have reported that neonatal exposure to PFOS and PFOA cause the same effects on behaviour and cholinergic
susceptibility as the PBDEs '. This neonatal period, known as the brain growth spurt (BGS), is a phase during
the development when the maturational processes of CNS are at a stage of critical vulnerability. In humans, the
BGS begins during the third trimester of pregnancy and continues throughout the first 2 years of life. In mice and
rats, this period is neonatal, spanning the first 3-4 weeks of life. The BGS includes axonal and dendritic
outgrowth, establishment of neuronal connections, synaptogenesis, and proliferation of glia cells '’.

Recently, we have reported that neonatal exposure to highly brominated PBDEs can result in changes in BDNF,
CaMKII and GAP-43 levels in the neonatal mice brain '*'°. These proteins are biochemical substrates for
neuronal survival, growth, and synaptogenesis ***'****. GAP-43 is frequently used as a marker for axonal
sprouting 2°. CaMKII is involved in regulation of both synaptogenesis and synaptic plasticity ***. Synaptophysin
is an integral membrane protein on synaptic vesicles. The function of synaptophysin is unknown, but suggestions
include calcium binding and exocytosis **%.

In regard to our earlier findings where several developmental marker proteins have been affected by neonatal
exposure to higher brominated diphenyl ethers '®'* and that neonatal exposure to PBDEs, PFOS and PFOA
213141516 causes similar developmental neurobehavioural deficits the present study was undertaken to
investigate whether similar developmental neuroproteins also are affected by developmental exposure to PFOS
and PFOA.

Material and Methods

Exposure to PFOS or PFOA. Perfluorooctane sulfonate (PFOS, potassium salt) purity > 98%, and
perfluorooctanoic acid (PFOA) purity = 96%, were purchased from Sigma-Aldrich. Neonatal NMRI male mice
were given a single oral dose of either 21 pmol PFOS/kg body weight (11.3 mg/kg body weight), or 21 pmol
PFOA/kg body weight (8.70 mg/kg body weight) via a metal gastric-tube at the age of 10 days. The control
animals received in the same manner 10 ml/kg body weight of the 20% fat emulsion vehicle. Only male mice
were used in order to compare with our earlier developmental neurotoxicological study on PFOS and PFOA and
highly brominated PBDEs '"'*'®, The animals were euthanized 24 hr after exposure (i.e. on PND 11) and the
brains were dissected on an ice-cold glass plate. The cortex and hippocampus were collected and frozen at -80°C
until assayed. Tissues from 7 to 8 animals per treatment group were used in the protein analysis.
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Slot-blot analysis for CaMKII, GAP-43, and synaptophysin. The slot blot procedure was carried out in
accordance to the previously described method by Viberg et al. 18 for cortex and hippocampus homogenates. The
antibodies against GAP-43 (Chemicon AB5220, 1:5,000), CaMKII (Chemicon MAB8699 1:10,000) and
synaptophysin (Chemicon 573822, 1:10,000) were used. The membranes were incubated overnight at 4°C with
primary antibodies. Immunoreactivity was detected using a horseradish peroxidase-conjugate secondary
antibody against mouse (074-1806, 1:20,000) or rabbit (KPL 074-1506, 1:20,000) depending on the primary
antibody.

Statistical analysis. Differences between CaMKII, GAP-43, and synaptophysin protein levels in control, PFOS-
and PFOA-treated animals were determined using a one-way ANOVA. Pairwise testing between the different
treatment groups was performed with Newman-Keuls multiple comparison test.

Results and Discussion

The present study has shown that the administration of 21 umol PFOS/kg body weight or 21 pmol PFOA/kg
body weight to mice on PND 10, the peak of brain growth spurt, alter the amount of CaMKII, GAP-43 and
synaptophysin in the brain 24 h after exposure. The present study also indicates the effects of PFOS and PFOA
were different in the hippocampus and the cerebral cortex.

Exposure to PFOS resulted in a 22% increase in the amount GAP-43 in hippocampus, but no significant change
in the level of GAP-43 protein in cortex. Exposure to PFOS resulted in a 57% increase in the amount of CaMKII
protein in hippocampus, whereas no significant change in cortex. The levels of synaptophysin were altered by
PFOS exposure in both the cortex and hippocampus. The increase in synaptophysin protein in hippocampus and
cortex of PFOS-treated animals were 48% and 59% compared to the vehicle-treated control, respectively.

Exposure to PFOA resulted in a 17% increase in the amount GAP-43 in hippocampus, but no significant change
in the level of GAP-43 protein in cortex. Exposure to PFOA resulted in a 58% increase in the amount of CaMKII
protein in hippocampus, whereas no significant change in cortex. The levels of synaptophysin were altered by
PFOA exposure in both the cortex and hippocampus. The increase in synaptophysin protein in hippocampus and
cortex of PFOA-treated animals were 52% and 82% compared to the vehicle-treated control, respectively.

The present study explores possible mechanisms of the developmental neurotoxic effects of PFOS and PFOA.
We have earlier reported that that neonatal exposure to PFOS and PFOA caused developmental neurotoxic
effects, manifested as deranged spontaneous behaviour and lack of habituation, effects that worsen with age. We
have also reported that PFOS and PFOA can affect the cholinergic system '°. Similar changes in behaviour and
altered susceptibility of the cholinergic system, as well as decreased amount cholinergic receptors in
hippocampus has also been seen after exposure to PBDEs *'""'>!%!*!3 Tt is therefore interesting to compare the
present changes of the studied developmental marker proteins with the changes observed after neonatal exposure
to highly brominated PBDEs, where the levels of these proteins also were more pronounced in hippocampus
compared to cortex.

In the present study the changes in GAP-43, CaMKII and synaptophysin protein levels were most pronounced in
hippocampus after PFOS and PFOA exposure. Regional differences in the effects of neonatal exposure to PFOS
and PFOA could result from both time differences in development of the brain and the amount of the compounds
reaching the two brain regions. The interactions between the studied protein markers and development of the
cholinergic system in the hippocampus might be a possible explanation for the effects on behaviour and
habituation seen after neonatal exposure to PFOS and PFOA.
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