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ABSTRACT : Biomarkers could be critical and useful tools for assessing the biological
effects of smoking and detecting differences between potentially reduced exposure product
(PREP) and conventional cigarettes. Smoking-related biomarkers can be classified into three
categories as biomarkers of exposure, biomarkers of effects, and biomarkers of potential harm.
When compared with the biomarkers of effects or harm, the biomarkers of exposure for
chemical constituents of cigarette smoke are well established and characterized. In addition,
they could offer the important information in understanding how cigarette smoke interacts with
biological molecules and causes the disease to human. Therefore, we provide an overview of 6
biomarkers of exposure (Nicotine and nicotine metabolites, Carboxyhaemoglobin, NNAL
(4-(methylnitrosoamino)-1-(3-pyridyl)-1-butanol) and NNAL - glucuronide, 3-Hydroxypropyl-
mercapturic acid, and Monohydroxy-butenyl-mercapturic acids, and Urine mutagenicity) which
were validated through extensive research and clinical experience. These reliable biomarkers

could help identify the efficacy of PREP by predicting early toxicological effects and lead to
improve it.
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Table 1. Representative biomarkers of tobacco smoke exposure

Biomarker Sn.loke Blolog}cal Purpose of
constituents matrix measurement
. .. Mutagens .
Urine mutagenicity Carcinogens urine Mutagen uptake
Nicotine and nicotine metabolites Nicotine urine Potential .chermcal
blood toxins
Carbon monoxide co exhaled breath Potential .chemlcal
blood toxins
4~(methylnitrosoamino)-1-(3-pyridyl)-1-bu ;roet:ilfciz urine Carcinogen (NNK)
tanol(NNAL) @ NNAL - glucuronide  Specili uptake
Nitrosamines
3-Hydroxypropyl-mercapturic acid . . Oxidative stress;
(HPMA) Acrolein urine Inflammation
Monohydroxy-butenyl-mercapturic 1,3-butadiene urine Volatile organic

acids (MHBMA)

Carcinogen

(LSRO, 2007; Hatsukami et al., 2006)
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Fig. 1. Quantitative scheme of nicotine metabolism, based on average excretion of
major nicotine metabolites as percentage of total urinary nicotine (Tricker, 2006)
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Fig. 2. Overview of NNK metabolism and DNA adduct formation (Hecht, 1999)
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