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ABSTRACT 

Bilirubin and biliverdin are bile pigments produced from the breakdown of senescent 
red blood cells. Other than mainly known to aid in the digestion of fats, the free radical 
scavenging property and the inverse relationship between serum bilirubin levels and 
cancer risk has been widely reported. The 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanone (NNK) is a procarcinogen found in tobacco smoke. Metabolism of NNK 
mediated by CYP2A6 and CYP2A13 resulted in formation of free radical with DNA 
damaging property. Inhibitor of NNK metabolism has been of interest to decrease the 
production of free radicals that contribute to the development of tobacco products-
induced lung cancer. The interactions of bile pigments with CYP2A6 and CYP2A13 
enzymes still largely unknown. Fundamental knowledge on the interaction of bile 
pigments and NNK with CYP2A6 and CYP2A13 enzymes, is important as part of 
understanding the protective role of bile pigments in human during NNK-induced 
carcinogenesis. Therefore, in this study, the interaction of bile pigments with the active 
site and other possible binding sites in the enzyme structures of CYP2A6 and CYP2A13 
was explored. The inhibitory effect of bilirubin and NNK on the coumarin 7-
hydroxylation mediated by CYP2A6 was also investigated. Molecular docking using 
AutoDock (ADV) software was performed to computationally dock the bile pigments 
to the active sites of CYP2A6 and CYP2A13 enzymes. Next, the interactions between 
the top docked poses of ligands produced by ADV was visualized by PyMOL and 
PoseView software. Based on the binding energy, NNK exhibited lower binding energy 
to active sites of CYP2A6 compared to bile pigments, but bile pigments exhibited lower 
binding energy to CYP2A13 active sites than NNK. Nevertheless, the ligands were 
found interacted with key amino acid residues at the active sites of CYP2A6 and 
CYP2A13 crystal structures. DoGSiteScorer was used to predict allosteric sites of both 
enzymes. Three potential binding pockets have been identified for both enzymes. 
Results from enzyme inhibition assay showed the interaction of CYP2A6 with 
coumarin, bilirubin and NNK. Bilirubin inhibits the hydroxylation of coumarin to 7-
hydroxycoumarin (umbelliferone) in a dose dependent manner, and the percentage of 
inhibition by bilirubin was directly proportional to the concentration of umbelliferone 
produced. However, the same pattern was not observed when NNK was interacted with 
CYP2A6. Regardless, the interaction of bile pigments with CYP2A6 and CYP2A13 
observed in the in silico and enzyme inhibition have elucidated the interaction of 
bilirubin with CYP2A6. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Research Background 

Bile pigments; bilirubin and biliverdin, are endogenous substances produced 

during heme degradation (Ryter, 2012). The normal range for total bilirubin is 0.1-1.2 

mg/dL, while conjugated bilirubin levels is within the range of 0.1-0.3 mg/dL. Total 

bilirubin levels exceeding 1.2 mg/dL are considered high, while levels surpassing 2.5 

mg/dL are classified as hyperbilirubinemia (Gazzin et al., 2016). 

Within the normal range, biological property of bile pigments includes anti-

mutagenicity, antioxidant properties, and ability to bind to certain important enzymes. 

It was also proposed that unconjugated bilirubin acts as an antioxidant by donating a 

hydrogen radical from a ClO-bridge or an amide group to free radicals, forming stable 

carbon-centered radicals that then react with other free radicals to form new covalent 

bonds or free oxygen (Trieu Hong, 2016.). 

Smoking, obesity, diabetes, ionizing and ultraviolet radiation, and air pollution 

have been associated with an increase in the production of reactive oxygen species 

(ROS) within the body. In response to this oxidative stress, the body depends on 

endogenous antioxidants and the intake of antioxidant-rich vegetables and fruits to 

effectively scavenge free radicals and maintain a balanced redox state. It is widely 

recognized that the dysregulation of ROS production can lead to detrimental effects on 

DNA, proteins, and lipids, ultimately initiating or promoting the progression of cancer 

(Inoguchi et al., 2021). Numerous studies have measured serum bilirubin levels 

following chemical exposure. For instance, elevated serum bilirubin levels observed in 

subjects after the consumption of herbal extracts can indicate the toxicity of those 

extracts (Hemalatha et al., 2019). Additionally, bilirubin levels have been monitored as 

an indicator of heme oxygenase activity or the status of endogenous antioxidants in 

cancer patients (Suh et al., 2018). 

Cigarette smoke contains approximately 4000 compounds, among which at least 

200 are toxicants, while 80 are classified as suspected carcinogens. The abundance of 

free radicals and oxidants in cigarette smoke engenders oxidative stress, a significant 

contributing factor (Masood et al., 2015). While smoking tobacco products provides 
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