Thesis Title Influence of Bilirubin and Cationic Metal lon
Interactions on DNA Degradation in vitro

Author Miss Pichayanut Poolperm

Degree Master of Science (Medical Technology)

Thesis Advisor Assoc. Prof. Rujapa Nimsung
ABSTRACT

Background: Bilirubin was long considered a useless metabolite of heme catabolism,
responsible for the clinical manifestation of jaundice, and potentially toxic in high
doses, particularly in neonates. Very high levels of bilirubin in the blood stream can
cause permanent damage to certain areas of the brain of newborn infants (kernicterus).
Early studies established that bilirubin induced a form of neurotoxicity known as
kernicterus. Neuronal death results from either necrosis or apoptosis. The possible
mechanisms of bilirubin toxicity on the brain via in vitro studies were investigated.
Objectives: The purpose of this study was to investigate the effect of bilirubin,
cationic metal ions and the factors involved in the degradation of DNA in vitro and to
investigate the possible mechanism of DNA degradation by bilirubin in the presence
of interacting metal ions.

Methods and Results: The study was performed by observing the changes in

absorption spectra of the interactions between unconjugated bilirubin (UCB) and 3



Y

types of cationic transition metal ions; Cu(ll), Fe(ll) and Zn(ll). The characteristics of
the absorption spectra, such as change or decrease in the absorbance peak, indicated an
interaction of UCB with metal ions. The interaction of UCB with Cu(ll) resulted in the
formation of a complex which shifted the absorbance peak of bilirubin from 424 nm to
343 nm, along with two intermediate products which absorbed highest at 594 and 644
nm, respectively. The interaction of Cu(ll) to form a complex with UCB was
dependent on the bilirubin concentration. Zn(I1) or Fe(l1) could form a complex with
UCB, but the amounts formed were lower than that observed with Cu(ll). In order to
confirm that Cu(ll) could form a complex with UCB, the effect of polyphenolic
flavonoid quercetin, which has been reported to form a complex with Cu(ll), was
determined to compare the nature of the interaction of Cu(ll) with UCB. When the
complex is formed an absorbance peak of quercetin—-CuCl, at 432 nm was obtained
(bilirubin-quercetin absorps at 384 nm). Study of the effect of albumin on the
interaction of UCB with metal ions simulated the etiology of neonatal
hyperbilirubinemia. A ratio of albumin : bilirubin less than 1:1 in the circulation
resulted in excess UCB, which could enter the brain cells. At a 0.5: 1 albumin-bilirubin
ratio, there was an excess of bilirubin molecules, which could form complex with
transition metal ions, especially at high concentrations of CuCly, e.g. 500 uM. In the
latter case, a decrease in the absorbance peak of bilirubin was obtained.

The interaction of bilirubin with transition metal ions can cause oxidative DNA
damage. In the present study, we investigated the effect of transition metal ion
complexex with UCB on DNA degradation. Bilirubin-Cu(ll) complex generated a dose
dependent increase in DNA degradation. A similar increase in acid soluble DNA

hydrolysis detected by diphenylamine reaction was also observed; this was correlated
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with the DNA degradation patterns. Bilirubin-Cu(ll) complex generated time
dependent increase in DNA degradation when DNA was incubated with various
concentrations of bilirubin and Cu(ll) for 4-48 hours. The maximum degradation was
at 48 hours after incubation at 37 °C in the reaction mixtures containing 200 pg calf
thymus DNA, 200 uM of bilirubin and 200 uM of Cu(Il), respectively.

Mechanism of bilirubin interaction with metal ion influenced DNA degradation
was investigated in vitro. DNA degradation in cells has been thought to be caused by
the reactive oxygen species produced by the lipid peroxidation process. In this study,
the mechanism of DNA degradation in vitro caused by UCB interacting with the
transition metal ions was proposed to occur through the generation of reactive oxygen
species. The rate of formation of hydroxyl radicals was measured by Thyobarbituric
acid (TBA) reaction (Malondialdehyde, MDA assay). The results were reflected in
patterns of DNA degradation, % DNA hydrolysis and the MDA concentrations.
Confirmation of free radical generation by bilirubin-transition metal ion causing DNA
degradation in vitro was demonstrated by the inhibition effect of free radical
scavengers sodium azide, thiourea and mannitol. The most potent free radical
scavenger that could inhibit DNA breakage was thiourea. The MDA concentrations of
the reactions of bilirubin-Cu(ll), bilirubin-Fe(Il) and bilirubin-zZn(I1) were 29.0, 16.0
and 12.3 UM, respectively.

Conclusion and Discussion: Bilirubin and cationic metal ion interactions, Cu(ll), Fe
(1) and Zn (1), can cause DNA degradation in vitro. Mechanism of DNA degradation
were bilirubin and cationic metal ion complexes that produced hydroxyl radicals,
causing DNA damage. This results suggest a possible mechanism of DNA damage in

brain cells, via hyperbilirubinemia in newborns, since some cationic metal ions such as
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copper, iron and zinc have been reported to be play specific roles in the central nervous
system. Further study for in vivo investigations in biologically active systems, such as
in astrocytes, should yield the possible mechanisms through which endogenous DNA

damage may occur.
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