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RELEVANCE OF OXIDATIVE STRESS IN THE PATHWAYS OF NEURONAL DAMAGE
BY UNCONJUGATED BILIRUBIN
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Portugal; bDepartment of Chemistry, Center of Membrane Sciences and Sanders-Brown Center on
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Background: Cytotoxicity by unconjugated bilirubin (UCB) involves profound disturbances of
membrane structure' and accumulation of extracelular glutamate®. More recently, a typical
inflammatory response was further linked to cell death’. These types of events were reported to
trigger elevated free radicals production, as well as impairment of calcium homeostasis, and to
result in loss of cell membrane integrity®.

Aims: This study was designed to investigate whether interaction of clinically relevant
concentrations of free UCB with synaptosomal membrane vesicles could be linked to oxidative
stress, cytosolic calcium accumulation and perturbation of membrane function.

Methods: Synaptosomal vesicles were prepared from gerbil cortical brain tissue and incubated with
purified UCB (0.1 uM), for 4 h at 37°C. Intracellular concentrations of reactive oxygen species
(ROS) and calcium were determined by dichlorofluorescin and BAPTA fluorescent probes,
respectively. Membrane protein and lipid oxidation were evaluated by slot-blot, and
phosphatidylserine exposure by annexin V binding. Levels of reduced and oxidized glutathione
(GSH and GSSG, respectively), as well as activities of the Mg*"-ATPase aminophospholipid
translocase (flippase) and Na", K -ATPase were also measured.

Results: Our studies showed that 0.1 uM UCB induced a rise in ROS content (~17%, P<0.01),
together with a decrease in GSH/GSSG ratio (~30%, P<0.01), and oxidation of protein (~20%,
P<0.01) and lipid (~10%, P<0.05) components. In addition, synaptosomes exposed to UCB
exhibited increased externalization of phosphatidylserine (~10%, P<0.05), together with decreased
flippase and NA",K"-ATPase (~15%, P<0.05) activities, events that were accompanied by enhanced
intracellular calcium levels (~20%, P<0.01).

Conclusions: The results of this study show that hyperbilirubinemia promotes oxidative stress in
synaptosomal membrane systems. The oxidative damage of cellular components, together with the
accompanying calcium intrusion, leads to the loss of membrane assembly and functionality.
Damaged neurons have exposed phosphatidylserine on the outer cell surface, as a signal for
phagocytic engulfment by microglial cells. Taken collectively, our data establish a link between
hyperbilirubinemia and injury to neocortical synaptosomes, where oxidative lesion appears as a
relevant component of the pathways of neuronal damage by UCB.

Supported by FCT-POCTI/39906/FCB/2001, NIH (AG10836; AG-05119) and FLA 288/02;
344/03)

References

1. Brito MA, Brondino CD, Moura JJG, Brites D. Effects of bilirubin molecular species on
membrane dynamic properties of human erythrocyte membranes: a spin label electron
paramagnetic resonance spectroscopy study. Arch Biochem Biophys 2001;387: 7-65.

2. Brito MA, Silva RFM, Brites D. Bilirubin induces loss of membrane lipids and exposure of
phosphatidylserine in human erythrocytes. Cell Biol Toxicol 2002;18:181-92.

Page 29 of 56



EASL International Bilirubin Workshop 2004, Trieste, Italy Abstracts of Lectures and Posters

3. Rodrigues CMP, Sola S, Brito MA, Brites D, Moura JJG. Bilirubin directly disrupts membrane
lipid polarity and fluidity, protein order, and redox status in rat mitochondria. J Hepatol
2002;36:335-41.

4. Silva R, Mata LR, Gulbenkian S, Brito MA, Tiribelli C, Brites D. Inhibition of glutamate
uptake by unconjugated bilirubin in cultured cortical rat astrocytes: role of concentration and
pH. Biochem Biophys Res Commun 1999;265:67-72.

5. Fernandes A, Silva RFM, Falcao AS, Brito MA, Brites D. Cytokine production, glutamate
release and cell death in rat cultured astrocytes treated with unconjugated bilirubin. J
Neuroimmunol 2004;153:64-75.

6. Facheris M, Beretta S, Ferrarese C. Peripheral markers of oxidative stress and excitotoxicity in
neurodegenerative disorders: tools for diagnosis and therapy? J Alzheimers Dis. 2004;6177-84.

Page 30 of 56



