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INTRODUCTION: GENERAL CONCEPTS 
 

1. OXIDATIVE STRESS 

The term oxidative stress indicates the whole of alterations 

that occur in the biological tissues, cells and macromolecules 

when they are exposed to an excess of oxidizing agents (1). 

In all aerobic organisms, the balance among the oxidizing 

substances, including the Reactive Oxygen Species (ROS), 

and the antioxidant defenses, is called oxidative-reductive 

balance. This last plays the role of preventing and/or repairing 

any damage produced. Thus, all life forms conserve, within 

their cells, a reducing environment protected by enzymes able 

to maintain the reduced state through a constant supply of 

metabolic energy. ROS and other reactive species are 

continuously produced through numerous biochemical 

processes (2). Therefore, a quantity of oxidizing substances 

are necessary for maintaining the correct cellular functioning 

and regulating the mechanisms of homeostasis (3). However, 

during the reactions of oxygen reduction, the reactive species 

generated can exceed the physiological threshold value; if 

these molecules are not neutralized by the antioxidant 

systems, can occur cellular damage able to conduct to 

apoptosis (4). Thus, if an imbalance between the ROS 

production and the effectiveness antioxidant system is 

generated, a condition of oxidative stress is created (5). 

Disorders of the normal redox state may cause toxic effects 

through the over-production of reactive chemical species that 

damage the cell components including proteins, lipids and 

nucleic acids (6). 
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1.1. Reactive chemical species 

The reactive chemical species (SCR) are simple and complex 

ions which have tendency to react depending on their nature 

and/or the environment in which they are located. On the 

whole, they acts as oxidizing agents and this characteristic 

gives them the ability to induce oxidative damage if produced 

in excess (3). Oxygen has the ability to oxygenate other 

molecules and it can break chemical bonds generating new 

radical agents, by electron transfer, that can oxidize other 

molecules. The role of SCRs in biological systems is twofold: 

beneficial and harmful (7). Indeed, SCRs show a beneficial 

effect when, for example, they are used by the immune 

system as agents able to stop the pathogenic action of various 

microorganisms, or when they are used as cellular 

communicators by mediating the biochemical signals 

transmission between cells. On the contrary, if the oxidizing 

substances are present at high concentrations, and/or the 

antioxidant system is not able to neutralize them, they can 

react with all biological molecules, such as: proteins, lipids, 

nucleic acids, and carbohydrates (1). In general, we can 

distinguish two sources of SCR production: endogenous and 

exogenous. Endogenous sources include mitochondria, 

cytochrome-P450 metabolism, peroxisomes and the 

activation of inflammatory cells. Exogenous processes 

includes the environmental agents, which can directly or 

indirectly generate ROS (7). At this concern, stress induction 

and oxidative damage were observed after exposure to 

different types of xenobiotics such as metals (reduced and not 

reduced), ions, radiation (UV, gamma and X rays), drugs, 

environmental contaminants and carcinogens (3). Depending 

on atom responsible for their reactivity, SCR can be classified 
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as reactive oxygen species (ROS), reactive nitrogen species 

(RNS) and reactive carbon species (RCS). Moreover, these 

can be distinguished in radical (FR) and non-radical forms 

(RS), depending on the possession of unpaired electron in one 

of the outermost orbitals at least (3). FR are inorganic or 

organic chemical compounds with one or more unpaired 

electron(s), highly reactive and short lived. Among FR, ROS 

are of particular biological importance. They may act as a 

physiological intracellular agent that, in excess, is considered 

to be a risk factor for several diseases such as 

neurodegenerative, cardiovascular and respiratory disease 

(COPD, pulmonary fibrosis), arterial hypertension, cancer 

(8), diabetes and in general aging (9). However, oxidative 

stress is caused not only by an increased burden of oxidants 

but also by a decrease of the antioxidant potential. Many 

recent studies show that in inflammatory diseases such as 

COPD, antioxidant mechanisms are not sufficiently adapted 

as the increase of ROS expression is lacking, so that oxidants 

subsequently may take over the leading role (10).  

 

1.2. Mechanism of oxidative stress 

 

Chemically, oxidative stress is associated with increased 

production of oxidizing species or a significant decrease in 

the effectiveness or numerousness of antioxidant defenses, 

such as glutathione (11). The effects of oxidative stress 

depend on the magnitude of these changes, with a cell being 

able to overcome small perturbations and regain its original 

state. However, more severe oxidative stress can cause cell 

death and even moderate oxidation can trigger apoptosis, 

while more intense stresses may cause necrosis. Varieties of 

indices have been developed to assess FR-mediated injury or 

https://en.wikipedia.org/wiki/Glutathione
https://en.wikipedia.org/wiki/Apoptosis
https://en.wikipedia.org/wiki/Necrosis
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FR generation in vivo. Most of these measure tissue changes 

that are consistent with an oxidative process but are not 

always specific for free radicals. Most long-term effects are 

caused by damage to DNA (12)  such as mutations (13,14). 

Among substrates for attack by FRs, polyunsaturated fatty 

acids, particularly arachidonic acid and linoleic acid, are 

primary targets for free radical and singlet oxygen oxidations. 

The relationships between ROS and lipids have been the most 

extensively studied because of the ready accessibility (15). 

After synthesis, lipoproteins are susceptible to lipid 

peroxidation triggered by ROS and RNS and this 

peroxidation of lipoproteins might occur in vivo and play a 

role in the pathogenesis of several diseases, including 

neurodegenerative and cancer diseases (16,17). Lipid 

peroxidation is considered the main sources of damage 

induced by ROS. Lipid peroxidation is divided in 3 phases 

(initiation, propagation, termination) and starts with an 

initially destabilization of the phospholipid bilayer structures 

and consequentially the formation of peroxide radicals. 

Under normal conditions, this process is kept under control 

by antioxidant defenses (enzymes and other substances) 

minimizing the negative consequences and damages (18). 

When oxidative imbalance occurs, the antioxidant efficiency 

is greatly reduced. Several studies have demonstrated that 

lipid peroxidation of lipoproteins is involved in mechanisms 

of human disease associated with oxidative damage (19,20). 

These study of the molecular mechanisms involved in lipid 

peroxidation of lipoproteins has shown, for example, that 

oxygen species (ROS) produced by the enzymes NADPH-

oxidase (NADPH-ox) and myeloperoxidase (MPO) in 

activated polymorphonucleate leucocytes (PMN), may be 

https://en.wikipedia.org/wiki/Polyunsaturated_fatty_acids
https://en.wikipedia.org/wiki/Polyunsaturated_fatty_acids
https://en.wikipedia.org/wiki/Arachidonic_acid
https://en.wikipedia.org/wiki/Linoleic_acid
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potential candidates for generation of oxidized lipoproteins in 

vivo (21). 

 

1.3. Sources of oxidative stress 

 

The most important endogenous sources are constituted by 

internal processes of the cell under physiological condition 

such as cellular respiration, the inflammatory response, the 

catalytic cycle of cytochrome P450 and the reaction catalyzed 

by xanthine oxidase (23). Exogenous sources are external to 

the organism and frequently are determined by environmental 

pollutants such as air pollutants, some types of food, toxic 

substances, and UV radiation. All of these factors may be 

directly or indirectly responsible for production of reactive 

oxygen species (ROS) (24). Among exogenous sources, air 

pollutants and cigarette smoke cover an important role in the 

production of oxidative stress imbalance (24). The 

respiratory system is the first apparatus of the human 

organism able to come in contact with atmospheric pollution 

and the first that can manifest the consequent pathological 

effects. (25). Inhalation of air pollutants promotes the 

production of ROS and an antioxidant deficiencies together 

with appropriate genetic polymorphisms, may result in 

increased airway inflammation and hyperactivity (26). 

Nowadays, the oxidative imbalance is due not only to 

environmental exposure but also to different life style habits; 

thus, among exogenous sources also diet, physical activities 

and BMI seem cover an important role in the production and 

exposure to oxidant species. Therefore, some of the most 

important pollutants are Endocrine disrupting chemicals 

(EDCs), and among these must be counted the xenoestrogens 

bisphenol A (BPA) and its substitute bisphenol S (BPS) 
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having the greatest attention from the scientific community, 

due to their effects on the human health. According to EFSA, 

exposure to BPs can take place in 3 ways. 1) external (by diet, 

drinking water, inhalation, and dermal contact to cosmetics 

and thermal paper), 2) internal exposure (absorbed dose of 

BPs, sum of conjugated and unconjugated BPs), and 3) 

aggregated (from diet, dust, cosmetics and thermal paper), 

expressed as oral human equivalent dose (HED) referring to 

unconjugated BPs only (27). However, breast milk represents 

the main vehicle of human intake of BPs which implies that 

the youngest children show the highest urinary BPs levels. 

(28). Upon ingestion, bisphenol molecules are metabolized in 

the liver by the enzyme uridine diphosphonate glucuronosyl 

transferase (UGT), which allows the conjugation of these 

molecules with the glucuronic acid forming primarily BP - 

monoglucuronate (BPs-G) and, to a lesser extent, BP-sulfate 

(BPs-S) before being excreted with urine (29). On the 

contrary, the non-conjugated form with glucuronic acid or 

sulfate  of these molecules, and so their free form , represent 

the active estrogenic form (30) able to occur endocrine 

alterations (31,32) and cytotoxic effects (33). Anyway, the 

proportion of free (active) form comprises less than 1% of the 

total BPA in blood and urine. Thus, when exposure to BPA 

occurs orally, human studies have shown that BPA can be 

metabolized to polar conjugates (>99%) and rapidly cleared 

through urine (half – life of < 6h) (29, 30). In adult rats, BPA 

is rapidly metabolized to BPA-glucuronide (BPA-GA) by 

UGT2B1, UDP-glucuronosyl transferase (UGT) (34). In 

humans, UGT2B7 mediates metabolism of BPA (35). BPA-

GA is a hydrophilic molecule, lacking the estrogenic activity 

of BPA. Given the high activity of such hepatic UGTs in 

adults, BPA is rapidly excreted in urine and feces. Therefore, 
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the glucuronidation in the liver is a reaction of detoxification, 

but is limited in the newborn because the expression of UGT 

is very weak (36); so this impairment has been hypothesized 

to slow clearance of these contaminants and increase serum 

and urine concentrations of free BPs in neonates showing that 

fetuses are more susceptible to these contaminants than adults 

(37, 38). 

 

 

 

 

 

 

 

  

 

 

 

 

 

Figure 2. Reaction of conjugation of BPS with glucuronic acid 

Figure 1. Reaction of conjugation of BPA with glucuronic acid 
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1.3.1. Bisphenol A (BPA) 

Bisphenol A (4, 4'-isopropylidenediphenol, CASRN: 80-05-

7), usually abbreviated as BPA, is a synthetic organic 

compound that consist of two phenolic rings joined by a 

bridging group formed by the reaction of phenol with acetone 

(39). 
 

 

Figure 3. BPA synthesis 
 

BPA is one of the most commonly produced and used 

chemical in the world. The global production of BPA is about 

8 million tons per year and this means that BPA is almost 

everywhere found in everyday objects (40). At this concern, 

approximately 90% of the general population had detectable 

urinary BPA (i.e., > 0.2 or > 0.4 ng total BPA/mL) (41). BPA 

is mainly (in 95%) used in the production of synthetic 

polymers including epoxy resins and polycarbonates (42). 

BPA has many properties that are mechanically useful for 

many purposes: low adsorption of moisture and thermal 

stability of synthetic polymers made with BPA. These last are 

used in the production of various products including water 

pipes, bottles, toys, teats, medical and healthcare equipment, 

dental products, electronic devices and CD/DVD discs (43). 

BPA is also employed as a stabilizer in the production of 

vinyl chloride (44), and used in the production of thermal 

paper. In particular, thermal paper is produced in massive 

quantities because it is used in register receipts, books, faxes 

and labels and it is also utilized (after recycling) to produce 



11 

 

brochures, ticket, mailing envelopes, newspapers, kitchen 

rolls, toilet paper and food cartons(44,45). Moreover, BPA is 

widely used in the production of polyacrylates, polyester and 

lacquers coating for tins, which after degradation may be 

important sources of this compound in the environment and 

food (46). Diet is currently regarded as the major human 

exposure pathway to BPA (47–49), but the exposure to this 

contaminant can also occur breathing indoor and outdoor air 

(i.e. floor dust, paints) (45,50), as well as via transdermal 

route (i.e. body lotion or perfumes) (51). Usually, BPA is 

detectable in human urine, blood, breast milk, semen, cord 

blood, fetal serum, placental tissue and animal fat (46,52,53). 

Among all the matrix listed above, urine is considered one of 

the most appropriate body fluid to assess exposure to this 

contaminant (54); in fact in urine sampled from different 

countries and areas, the detection frequencies of this 

contaminant were in the range of 75-90% (55–57). BPA is 

able to bind to several kinds of receptors including estrogen 

and androgen receptors as well as aryl hydrocarbon receptor 

and peroxisome proliferator-activated receptor that are 

associated with hormones of the endocrine system and other 

systems of the body (58–60). Therefore, due to endocrine-

disruption activity, oxidative and mutagenic potential as well 

as hypo-methylation ability, BPA is able to exhibit 

multidirectional toxic effects in animals and humans. BPA 

disrupts function of various hormones including sex 

hormones, leptin, insulin and thyroxin. It may lead to adverse 

effects, especially on reproductive abilities, such as female 

infertility (61), male low sperm quality (62), low sperm count 

(63), and sex hormone concentration changes (64). 

Moreover, its involvement is known in a wide variety of 

adverse health outcomes, such as: the increased susceptibility 
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to cancerous alterations (40); neurotoxic (65), cardiovascular  

and genotoxic effects (66); behavior change; metabolic 

disease; obesity (67–70); respiratory diseases, in particular 

asthma (71). Furthermore, prenatal and postnatal exposure to 

BPA is neurotoxic to mice and lead to altered behaviors, 

including depression, anxiety and hyperactivity because the 

neuron system exists within a crucial window during early 

development periods (72). The possible mechanisms of the 

effect of BPA on changes in behavior include BPA exposure 

disrupting the process of neurotransmissions (73), decreases 

in the gene expression levels of neurotransmitters (74), the 

influence of estrogen receptor β(ERβ) and GABA(A)-α2 

receptors, as well as changes in the neuronal morphology in 

the hippocampus (75). In addition to the prenatal and neonatal 

periods, childhood is another important period for brain 

development (76). Moreover, the exposure to high doses of 

BPA (particularly during pregnancy and breast-feeding) 

produces effects on animal development, among which a 

reduction in survival (for concentration ≥500 mg / kg / day), 

a decrease in growth (≥300 mg / kg / day) and a delay on the 

onset of puberty (≥50 mg / kg / day) (77). Nevertheless, also 

low levels of BPA can evidence human health effects (78). 

However, the detailed mechanism of BPA influence remains 

to be investigated. Among the various toxic effects of BPA, I 

have to remember the contribution of this molecule provides 

to lipid peroxidation (LPO) and hence to oxidative stress. The 

intake of high levels of BPA results in increased generation 

of reactive oxygen species (ROS), culminating in oxidative 

imbalance (79). This is induced by a decrease of the activity 

of antioxidant enzymes and the increase of LPO (80). BPA 

induces oxidative stress and apoptosis in mice testes and, 

again through the formation of ROS, it can produces injury in 
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human tissues and organs such as liver, red blood cells, 

reproductive organs, brain, especially during the embryos 

phases (81–83).Currently, only few studies have examined 

the association between urinary BPA levels and oxidative 

stress (84,85). BPA intake is estimated to be highest in 

newborns and children because they eat, drink and breathe 

more per pound of their body weight and explore objects 

orally (86). Furthermore, these categories are thought to be 

sensitive and fragile to these contaminants because their 

metabolism system and organs are undeveloped (87). In this 

context, the assessment report surveyed from 2007 to 2009 in 

Canada also showed that the urinary levels of BPA in children 

were significantly higher than those in adults after creatinine 

adjustment (47). For pregnant women and the developing 

fetus, it is desirable to better understand the circulating 

maternal and fetal blood concentrations of BPA and its 

metabolites. Pregnancy represent a critical window of 

exposure due to developmental process in the fetus. Fetal 

biotransformation pathways are immature (25,41), and could 

lead to different BPA metabolite patterns in both the fetus and 

the mother. Moreover, animal studies have shown a slower 

clearance of conjugated BPA from the fetus relative to 

maternal serum (47,48). In fact BPA – glucuronide 

administers to fetal sheep was not only cleared more slowly 

but also interconverted to free BPA and led to a low but 

sustained free BPA exposure in the fetus (half –life of > 100 

hours) (48). Finally, studies report that higher levels of total 

bisphenol in the urine are present in women and children of 

low social status, while lower levels have been measured in 

Hispanic women and children and this suggests that exposure 

to BPs probably  varies  with race-ethnicity, gender and age 

(88). Until now, BPA is authorized for use as a monomer in 
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plastic food contact materials, in accordance with 

Commission Regulation (EU) No 10/2011/EU on plastic 

materials and articles intended to get in touch with foodstuffs. 

Furthermore, based on the precautionary principle, in 2011 

was introduced European Commission Implementing 

Regulation (EU) No 321/20118, which placed a restriction on 

the use of BPA in the manufacture of PC infant feeding 

bottles. In 2015 European Food Safety Authority (27) 

reduced the temporary Tolerable Daily Intake (t-TDI) of BPA 

from 50 to 4 µg/kg bw/day. Recently, Food and Drug 

Administration banned the use of BPA in baby formula 

packaging.   Owing to increased scientific scrutiny of BPA, 

existing bans and/or restrictions/regulations to limit its 

applications in some consumer products and decreasing the 

human health risks, BPA is being replaced with a number of 

structural analogues speculatively considered safer (89). 

These alternatives have similar molecular sizes and structures 

compared to BPA and offer no obvious advantages in terms 

of their endocrine-disrupting activities (90,91), aquatic 

toxicity (29), persistence (30) or bioaccumulation potential 

(29). In particular, bisphenol S (BPS) has been employed as 

a major component of plastic substitutes for the productions 

of many articles (92). 
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1.3.2. Bisphenol S (BPS) 

Bisphenol S, or BPS (bis-(4-hydroxyphenyl)sulfone 

(CASRN: 80-09-1), with a much similar chemical structure 

to that of BPA, contains a sulfone group with strong electron-

absorbing ability and two hydroxyl groups, so it is stronger 

than other bisphenols in term of acidity, with more stability 

than BPA. For example, BPS is more resistant to heat and 

sunlight than BPA (93–95).  

 

 

 

 

Figure 4. BPS molecule 

 

BPS was first synthesized as a dye in 1869 and is actually 

used as the substitute of BPA introduced into consumer 

products in the 2000s (96). The annual manufactured or 

imported rate of BPS was as high as1000–10,000 tons in the 

European Economic Area reported by European Chemicals 

Agency (97). Therefore, humans are widely exposed to BPS, 

a chemical largely similar to BPA, also for toxicological 

reasons. Since the usage of BPS is not regulated, it is difficult 

to specify the products containing and leaching BPS. It is 

often used as an intermediate for the production of epoxy 

resins and polycarbonate plastics and it is exists in several 

consumer products. In particular, BPS is frequently found in 

https://toxnet.nlm.nih.gov/cgi-bin/sis/transfer?ctd+chem+C543008
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some daily consumer products, such as plastics, food cans 

linings and packaging, baby bottles and toys, dental 

materials, personal care products (PCPs) (46), various papers 

(98), to name a few. Moreover, BPS is the main substitute of 

BPA as a color developer into thermal papers. In addition, the 

recycling of paper and plastic, especially of the thermal 

paper, is a special source of BPS in related consumer 

products. As BPS is easy to phase-out in consumer products, 

all products mentioned above might be the potential sources 

for BPS in the environment. The “leached” BPS could enter 

and degrade in air, particle/dust, soil, water, sediment, biota, 

and foodstuffs, which causes the BPS pollution in the 

environment, and finally induces human exposure (99). In the 

same way of BPA, BPS can easily enter the human body by 

ingestion (food or dust), inhalation (air or particle), and 

dermal absorption (dust or PCPs). Therefore, humans are 

widely exposed also to BPS and this BPA-alternative has 

already been detected in 81% of urine samples from China, 

United States, and in six other Asian countries (100). The 

adsorption through thermal papers and clothes is relatively 

special routes of human exposure to BPS (46, 51, 101) even 

if, a very recent research indicates that food may be the 

principal source for human exposure to BPS. In this purpose, 

the study of Wang et al. (2015) emphasized that, for the 

population in China and U.S., the EDIs of total bisphenol 

analogues via diets accounted for 90% of the total EDIs when 

considering both dust and diet (102). Furthermore, a recent 

study found that textiles and baby clothing contained BPS, 

and newborns can be affected by skin absorption. Dermal 

BPS exposure doses from textiles ranged from 8.20 

pg/kg_bw/d for 6– 12 months old infants to 10.1 pg/kg bw/d 

for newborns (<1 month) (103). Compared to numerous 
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studies on the toxicities of BPA, effects of BPS exposure are 

in a much smaller number and less conclusive about the 

biological mechanisms that govern the toxic effects. 

Although, in vitro and in vivo exposure studies indicate that 

BPS is an endocrine disruptor and may have potential health 

hazards, similar to that of BPA (104), no suggested daily 

exposure dose or oral maximum allow able dose of BPS was 

established for human exposure. However, considering the 

much similar chemical structure considering BPS and BPA, 

long-term exposure to BPS may have adverse effects on the 

development of reproductive and nervous system. In 

addition, as pregnancy is a particularly sensitive period in 

terms of exposure to BPS, special attention must be paid to 

avoid exposure to this dangerous chemical (e.g., reducing the 

use of plastic products, PCPs, canned food, and dermal 

contact with thermal receipt papers) (99). Several new studies 

show also that exposure to BPS may cause oxidative stress. 

In this purpose, a biomonitoring study conducted in Saudi 

Arabia found a significant positive association between 

concentrations of BPS and 8-OHdG in human urine. (85). 

Moreover, BPS may disrupt the function of the endocrine 

system, and then affect the reproductive system in mice 

(105). Finally, recent studies also indicated that exposure to 

BPS may induce obesity. In this purpose, Boucher incubated 

human preadipocytes at a BPS concentration ranging from 

0.1 nM to 25 μM. They found that the 25 μM BPS treatment 

group increased the expression of several key adipogenic 

markers (e.g., lipoprotein lipase and adipocyte protein 2), 

both in mRNA and protein levels, and induced lipid 

accumulation. (106). Summarizing BPS, as a main substitute 

of BPA, is until now considered a little bit safer than BPA, 

partly for the lack of sufficient data to support risk 
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assessment, especially its toxicity at low dose exposure 

(104,105). Data are still limited and therefore it is necessary 

to continue the studies and deepen its toxic properties. BPS 

has the same qualitative effects on estrogen receptor and 

androgen receptor activities in the range of BPA, but BPS 

exhibit the greatest changes in efficacy on 17α-

hydroxyprogesterone in all tested bisphenol analogues (107). 

Moreover, a Japanese study even indicated that BPS appear 

to be more resistant to environmental degradation if 

compared to BPA (94). Thus, these evidences suggest that the 

use of other chemicals to surrogate BPA may not solve this 

issue and, as long as a chemical structurally similar to BPA 

is adopted, this is not a “safe substitution” (99). Finally, the 

concentrations of BPS are generally lower than those of BPA, 

but with the prohibition/limitation in the use of BPA, the 

levels of BPS will constantly increase in the environment. 

This is an aspect just recorded when in U.S. and China where 

measured comparable concentrations of BPS and BPA in 

water and sludge samples (108). Consequently, considering 

the toxic potential of BPS, more studies are needed to 

investigate the occurrence, fate, and effects of this compound 

in the environment and in human populations. 

 

1.3.3. Tobacco smoke  

Oxidative stress could be influence also by tobacco smoke. In 

the last few years many hypothesis about this were explored 

and a lot of studies were focused on the biological response 

to exposure (109). Cigarette smoke is constituted by more 

than 4,500 components in its gaseous and particulate phases. 

These compounds include direct carcinogens 

(methylcholanthrene, FA, benzo-α-pyrenes, acrolein, etc.), 

toxins (carbon monoxide, nicotine, ammonia, acetone, 
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hydroquinone, etc.), reactive solids with chemically catalytic 

surfaces, and oxidants (superoxide and nitrogen oxides) 

(109). In addition, the immune system of a smoker is less 

efficient in combating bacterial infection compared with that 

of a non-smoker (110); also numerous studies have indicated 

greater levels of oxidative stress in cigarette smokers (111), 

which is most likely attributed to the high concentration of 

ROS in cigarette smoke (112). Besides, a significant increase 

of oxidative stress biomarkers level, such as 15F2t-IsoP, has 

been recently demonstrated comparing different levels of 

passive tobacco smoke in a population of adolescents 

(113,114). Overall, these findings strongly suggest that 

passive smoke, as well as the active one, cause oxidative 

stress and oxidative imbalance. 

 

1.4. Oxidative stress and pregnancy 

Pregnancy is a physiological condition with changed lipid 

profile parameters (115) and increased susceptibility to 

oxidative stress (116). This period is characterized by 

dynamic changes in body systems resulting by the increased 

in increased placental mitochondrial activity and a high 

maternal metabolism. This higher oxygen demand may 

stimulate the production of ROS. At the same time, the 

number of mitochondria tends to increase through gestation, 

leading to an oxidative environment too. However, 

antioxidants like superoxide dismutase or catalase also 

increase, probably to compensate the oxidative burden (117). 

Although antioxidant activity during physiological 

pregnancy is genetically determined, antioxidant 

concentration may be insufficient to balance high production 

of free radicals. Therefore, during  pregnancy increased  

production  of  ROS  exceeding the  mother’s antioxidant  
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potential  leads  to  an oxidative imbalance, which can 

negatively affect the health of both the mother and the fetus 

and leading to complications  in  pregnancy (116). Numerous 

pregnancy-related complications (fetal death, intrauterine 

growth restriction, pre-eclampsia) are the result of 

insufficient maternal antioxidant protection to balance high 

production of free oxygen radicals and lipid peroxidation in 

the placenta (118). Moreover, numerous studies have shown 

a connection between the oxidative stress and different 

etiopathology in pregnancy (119). Gestational diabetes and 

hypothyroidism (120) are an example of a disease where 

oxidative stress plays a key causative role in metabolic 

disturbances and their consequences. Rajdl founds a 

statistically significant difference in the oxidative stress 

levels of diabetic mothers and their children in comparison to 

healthy mothers, suggesting an exceptional free radical 

activity expressed as increased lipid peroxidation (121). As 

pregnancy is a period of increased metabolic demands, 

insufficient supplies of essential vitamins and micronutrients 

can lead to a state of biological competition between the 

mother and  fetus (122). In such a situation, an inadequate 

nutrition and a reduced intake of anti-oxidants or an increased 

exposure to pro-oxidants, may also disrupt the oxidative 

equilibrium and contribute to oxidative stress. For example,  

it is  well  known  that  smoking  is  followed by intense 

oxidative stress (123) and, in this purpose, pregnancy 

complications  can  arise  due  to  the  increased  free  radical  

damage  caused  by  smoking  (118). 
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1.4.1. Oxidative stress in pregnant 

During  pregnancy, increased production  of  ROS  exceeding 

the  mother’s antioxidant  potential  leads  to  oxidative stress, 

which can negatively affect the health of both the mother and 

the fetus, leading to complications  in  pregnancy (116). Lipid 

peroxidation through the free radical pathway is generally 

described as unfavorable to mammalian health and often 

related to pathological consequences. However, it is also 

known that regulated free radical reactions in the body are 

beneficial, specifically  for  cell  signaling, cell generation and 

degeneration, cellular homeostasis and defense against, for 

example, microorganisms. (124).  

At this concern, numerous longitudinal study conducted in 

normal human pregnancies show that oxidative stress levels, 

measured by urinary F-2-isoprostanes, increase progressively 

throughout pregnancy. In particular, a significant increase in 

oxidative stress from week 9 until week 40 was recorded, 

while, thereafter, a significant decrease to basal levels at post-

partum weeks 9, followed by a further increase from weeks 

10 post-partum onwards, is observed (115,116).  This 

suggests that free radical-mediated lipid peroxidation in mild 

form might have a role in pregnancy. Moreover, a 

longitudinal study has also shown that the antioxidative status 

decreased significantly in the first trimester and then 

increased throughout pregnancy to reach normal non-

pregnant values post-partum (125). In a cross-sectional study, 

non-lipid-adjusted levels of vitamin E were found to be 

significantly higher in late normal pregnancy compared to 

non-pregnancy (126).  These might be due to the higher levels 

of circulating serum lipids (cholesterol and triglycerides) 

found during pregnancy. Although the of oxidative stress 
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increase during pregnancy is considered a physiological 

process, the exposure to environmental pollution as well as 

wrong lifestyle habits, including an inadequate diet, because 

of the low in vitamins, and the exposure to tobacco smoke, 

may lead a worsening of the oxidative imbalance with  

serious consequences, mainly on the fetal development. In 

this concern, it  is  well  known  that  tobacco  smoke  may  

invoke  oxidative  stress.  In pregnant women, the nicotine 

and carbon monoxide components of cigarette smoke may 

cause damage to both the mother and the fetus, crossing the 

placental barrier (123). A relationship between maternal 

smoking and disturbances in postnatal growth and  

development (127) has been demonstrated, and not only 

intrauterine fetal growth retardation or low birth weight 

(118). 

 

1.4.2. Oxidative stress in newborns 

Newborns are particularly prone to oxidative damage induced 

by ROS. Oxidative stress affects various organs, mostly the 

lung epithelium and retinal and brain blood vessels. In 

particular, free oxygen radicals are produced in cell 

membranes and structures such as peroxisomes, 

mitochondria, endoplasmic reticulum, protein cell 

membranes and soluble enzymes (hemoglobin, xanthine 

oxygenase). The sensitivity of these cells and tissues results 

from their rapid growth and development, as well as weak 

antioxidant protection (128). The antioxidant status of 

newborns shows low concentrations of glutathione 

peroxidase, superoxide dismutase, ß-carotene, riboflavin, α-

proteinase, vitamin E, selenium, copper, zinc, transferrin and 
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other plasmatic factors (129). Oxidative stress during the fetal 

period programs the metabolism of the neonate either 

directly, through gene expression modulation, or indirectly, 

through the influence of ROS on lipids and proteins in the 

critical window of development (130).Oxidative stress may 

last also after the birth (131).  At this concern, numerous 

studies revealed that oxidative stress levels measured in 

various biological materials were significant higher in 

healthy, term newborn immediately after birth, and continued 

to grow and/or persist until the third day after birth (132). 

Delivery is associated to a considerable oxidative stress, even 

if the intensity of oxidative stress is independent of the mode 

of delivery and maternal infections during pregnancy (128). 

Defense against free radicals increases slightly before the 

delivery but in the last 15% of the pregnancy time, a 150% 

increase is observed (133). This defense depends on the 

activity of the enzymes glutathione, superoxide dismutase 

and catalases. Nevertheless, breast milk, especially after 

preterm delivery, contains high concentration of antioxidant 

defense factors, which might have a protective influence on 

the breastfed infant (134). It is a further argument in favor of 

breast milk for the nutrition of the infant. 
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2. MONITORING OXIDATIVE STRESS  

Reactive oxygen species (ROS) are constantly produced in 

aerobic organisms by normal metabolic processes, such as 

cellular respiration and antibacterial defense. Furthermore, as 

previous mentioned, endogenous or exogenous exposures 

(such as ionizing radiation, smoking, and toxins) also induce 

production of ROS (135). Therefore, exposure to ROS is 

almost ubiquitous, and a certain level of oxidative damage is 

always present in any individual but, in order to contrast these 

damaging effects, aerobic organisms have developed 

multiple defense systems such as superoxide dismutase, 

catalase, glutathione peroxidases and endogenous 

antioxidants. Differences in both the intensity of ROS 

generation and the effectiveness of the antioxidant defense, 

produce variability in oxidative status between individuals 

(136). Variability in oxidative status within an individual 

between tissues as well as between individuals results from a 

complex interaction of multiple factors, including genetic and 

(137,138) epigenetic differences, endogenous promoters of 

ROS, chronic inflammation and (139) or other chronic 

conditions. On the whole, a “normal oxidative status” (non-

stress range) in opposition to a pathological condition has not 

been yet defined. Therefore, it is not clear which levels should 

be considered “normal” (non-stress) and which represent a 

serious imbalance between ROS generation and antioxidant 

defense (stress). Because ROS have short lifetimes and 
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cannot be directly detected in humans (140), a very useful 

alternative is the measurement of oxidative stress biomarkers. 

Although the quantification of these oxidative biomarkers do 

not measure the ROS levels per se, they are assumed to be 

proportional to the ROS levels. 

2.1. Biomarkers of oxidative stress 

 

F2-isoprostanes: F2-isoprostanes are synthesized during 

non-enzymatic oxidation of arachidonic acid by different 

types of free radicals, including reactive oxygen species 

(141). Depending on the position where the oxygen molecule 

is added to arachidonic acid, four regioisomers are formed, 

giving each of the four F2-isoprostane series. Furthermore, 

each series comprises 16 stereoisomers (142). F2-

isoprostanes can be measured in detectable quantities in 

biological fluids and in human blood and urine (143). They 

have two important characteristics : 1) isoprostanes describe 

a lipid peroxidation not completely stopped by the 

antioxidant defenses that leads to an exponential increase in 

the isoprostane concentrations (142); 2) isoprostane 

quantification can be easily used as a sensitive expression of 

systemic oxidative stress status and inflammatory response 

(142,144). There are three main techniques used to assay F2-

isoprostanes: gas chromatography with mass spectrometry 

detection (GC-MS), liquid chromatography with tandem 

mass spectrometry detection (LC-MS/MS), and enzyme-

linked immunosorbent assay (ELISA). The advantages of 

GC/MS and LC-MS/MS techniques are numerous, the main 

of which is the great sensitivity of the method. The immuno-

enzymatic ELISA-based tests are inherently inferior as 

compared to the chromatography-based techniques due to 

cross-reactivity but they allow to measure faster a large 
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number of samples, preserving sensitivity and sensibility 

(145). In the epidemiological studies, the 15-F2t-isoprostane 

is the most used biomarker of oxidative stress. Through 

ELISA quantification, it is able to express relationships 

between ROS and chronic diseases (asthma, BPCO, cancer, 

etc.)(136,146).  

 

Cytokines: oxidative stress and ROS, especially those 

derived from mitochondria, stimulate the activation of 

mediator signaling molecules as the transcription factor 

nuclear factor kappa-B (NF-κB) (147), that up-regulates the 

production of inflammatory cytokines, such as interleukin-1β 

(IL-1β), interleukin-6 (IL-6) and others mediators as tumor 

necrosis factor-α (TNF-α) or chemokines. In physiological 

circumstances, the deleterious effects caused by the highly 

reactive nature of ROS are balanced by the presence of 

antioxidants, including glutathione, carotenoids, and 

antioxidant enzymes such as catalase and glutathione 

peroxidase. Several chronic human diseases characterized by 

excessive ROS production (148), or more in general, 

uncontrolled inflammatory response results in extensive cell 

and tissue damage, giving rise to normal cell and tissue 

destruction (149). Therefore, the levels of multiple cytokines 

collectively might appropriately reflect subtle status of a 

deregulated immune response or a failure to contrast 

adequately the ROS production due to endogenous or 

exogenous exposures. Cytokines can be quantified at various 

levels: intracellular proteins can be measured by 

fluorescence-activated cell sorter staining of permeabilized 

cells, and secreted cytokines can be quantified with 

bioassays, enzyme-linked immune sorbent assays (ELISAs), 

radioactive immunosorbent assays, and microarrays. 
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Multiplex assays for detection of cytokines at the mRNA 

(150) and cellular levels are commonly used. However, these 

assays have one or more limitations, like the need for a large 

sample volume or detection of precursor proteins rather than 

native secreted proteins. In addition, these techniques are 

time-consuming and laborious. At the same time, these assays 

have proven to be very useful in the simultaneous detection 

of cytokines in many body fluids (151).  
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3. OXIDATIVE STRESS AND EPIDEMIOLOGICAL 

APPROACH 

The environment is a vehicle of many biological, chemical, 

and physical risk factors capable to induce the onset of many 

human diseases. A recent report from the World Health 

Organization (WHO) showed that in 2012, an estimated 12.6 

million global death (23% of all deaths) were attributable to 

the environment. The environmental impacts on health 

mostly affected children less than 5 years of age (152). 

Therefore, indoor and outdoor air pollution are factors 

possibly associated with environment-related health 

outcomes, including respiratory cardiovascular diseases, and 

cancer. Among all the environmental factors, hazardous 

chemicals ubiquity, food and water contaminants and tobacco 

smoke (153) have become a problem of growing international 

interest (154–156). In particular, for their endocrine 

disruptor’s properties and their widespread presence in the 

human life environment, BPA and BPS are an important topic 

in terms of Public Health. Since bisphenols are often used as 

an intermediate for the production of epoxy resins and 

polycarbonate plastics, they exists in a very big number of 

consumer products, and for this reason humans are largely 

exposed to these contaminants (99). According to EFSA, 

exposure to BPs can take place in 3 ways. 1) external (by diet, 

drinking water, inhalation, and dermal contact to cosmetics 

and thermal paper), 2) internal exposure to total BPA 

(absorbed dose of BPA, sum of conjugated and unconjugated 

BPA), and 3) aggregated (from diet, dust, cosmetics and 

thermal paper), expressed as oral human equivalent dose 

(HED) referring to unconjugated BPA only (27). Mostly, 

BPA and BPS are considered among the Food Contact 
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Materials (FCMs), being key monomers used in the 

production of the resins employed to prevent the direct 

contact of food with metal cans and to ensure their thermal 

and mechanical stability (40). There is a tendency to think 

that plastics are stable compounds; instead, the chemical 

bond between bisphenol molecules is highly unstable and, 

therefore, there is a high risk that these substances will spread 

in the water, in the drinks or in the food in contact with the 

plastic materials in which they are contained. The main 

factors influencing the migration of BPs from the surface of 

cans or bottles, are the temperatures used in the 

manufacturing process and, particularly, the prolonged usage 

(44). Migration can also be induced by storage time and, 

consequently, the accumulation of these molecules can be 

observed in canned foods. Moreover, BPA migration ratio 

from PC bottles to other solutions varied dependently on their 

chemical properties. In ethanol-water mixture, faster release 

of BPA from PC (in comparison to water) was noted, whereas 

in oil from olives negligible release of BPA was observed 

(157). Children are considered as vulnerable populations 

when it comes to exposure of environmental chemicals for a 

number of reasons. Due to the children’s continuing 

development and behavioral activities (e.g. hand-to-mouth 

touching, playing on the floor, etc.), exposure to 

environmental chemicals could lead to increased incidences 

of acute and/or chronic diseases in children such as asthma, 

attention-deficit/hyperactivity disorders, obesity and diabetes 

(158). Furthermore, given that dietary intake is the chief 

sources of exposure to bisphenols and phthalates, children 

and adolescents are uniquely vulnerable to these chemicals as 

they have greater food consumption per unit body weight and 

will have prolonged exposure over the course of the lifespan 
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(159). Moreover, children have smaller body storage for 

compounds due to their small body size and blood volume 

capacity as well as less mature metabolic pathways, which 

might lead to longer half-lives in the body (158,160). There 

are also specific critical programming periods during 

children’s in utero development, postnatal development and 

puberty, when the body is particularly vulnerable to 

disrupting effects, and exposure to environmental chemicals 

might lead to persistent epigenetic changes, resulting in 

adverse effects (161–163). Lastly, exposure to environmental 

chemicals during early life results in longer life-times 

exposure and higher risk of developing chronic diseases 

(158). The resulting impact on human health may evolve with 

different characteristics and intensity levels (153,164,165) 

even if its mechanisms of action remains partially unclear 

(166,167). Consequently there is a need to monitor the 

exposure levels of environmental chemicals mostly in 

vulnerable populations to ensure the risk of developing 

adverse health effect or diseases attributable to environment 

can be minimized as much as possible (168). Thus, the human 

biomonitoring provides measures of internal exposure and/or 

effects, integrating all sources and routes of uptakes by direct 

measurements of biological specimens such as urine (169). 

The indoor environments, particularly the sites where people 

smoke or have smoked, and  different life style habits are 

often characterized by the highest levels of pollutants that 

induce oxidative stress (170). Accordingly, oxidative stress 

plays a crucial role in the inflammatory response to tobacco 

smoke (171), frequently in co-exposure with airborne 

ultrafine particles (172) and in many other environmental 

factors. 
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OBJECTIVES 
 

4. GENERAL OBJECTIVES 

To maintain the population healthy and safety, molecular 

epidemiology represents a crucial tool for the impact analysis 

of environmental exposure to the different risk factors. 

Therefore, the deepening of the biological relationship 

between humans and environment is crucial to build a 

complete OXIDATIVE STRESS PROFILE of exposed 

subjects. 

The research work of last three years has been driven by the 

idea of monitoring different environmental expositions 

through a complete OXIDATIVE STRESS PROFILE 

analysis. This intending to highlighting different conditions 

of environmental and life-style risk and, consequently, 

potential pre pathological conditions. The project, in its 

broader meaning, has been structured on the main purpose of 

investigating thoroughly and extensively some life-style 

habits and consequently the mechanisms that can increase 

oxidative stress imbalance in humans, in particular in 

children and newborns, in order to better understand 

responses and adaptations to this different risk conditions. 

4.1. Oxidative stress in pediatric populations. The role of 

passive smoking and the living environment. 

In the fully aware, that OS originates from many endogenous 

and exogenous factors, purpose of this first study-line was to 

investigate the presence of BPA in the urine of a group of 

adolescents, its role in the induction of OS, and to confirm 

the same role of the tobacco smoke. Therefore, the purpose 
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of this first study was to clarify the role that some 

independent environmental, individual, and physiological 

variables have on the oxidative stress status of a large 

population of healthy adolescents. To achieve this goal, a 

sample of urine provided by each of the 223 young healthy 

volunteers (7-19 years old) attending three different schools 

of a little town named Chivasso (close to Torino, Piedmont, 

North-Western Italy) was analyzed to quantify BPA, 

cotinine, and 15F2t-IsoP in urine. The first as the chemical 

playing the role of internal dose marker, the second as a 

nicotine metabolite to quantify exposure to smoking and the 

third as a marker of OS. 

 

4.2. Bisphenols as endocrine disruptors and the onset of 

oxidative stress in newborns 

The assessment of Endocrine Disrupting Chemicals (EDCs) 

exposure is particularly important in case of infants who, 

being in the early stages of development and therefore with 

still underdeveloped metabolic mechanisms and organs, 

appear to be more vulnerable and susceptible to the onset of 

potentially stress and pathological conditions. UGT in the 

liver of human fetuses is present at concentrations 5 times 

lower than that of an adult liver; therefore, newborns may be 

exposed to higher concentrations of free bisphenol if 

compared to adults. In this contest, studies show that the 

levels of unconjugated bisphenol in human adults' serum are 

typically low, while higher levels have been reported among 

newborns (173). 

In addition, animal study demonstrate the passage of 

bisphenol through the placenta, with subsequent passage in 
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the umbilical cord and amniotic fluid of the fetus. In 

particular, the β-glucuronidase enzyme was found to be very 

active in human placental tissues, increasing fetal exposure to 

bisphenol in free form by the hydrolysis of the conjugated 

form (174). Due to the prolonged exposure of the fetus to the 

free form of bisphenol, the multiple negative effects of this 

molecule on the endocrine system is observed during the 

Moreover, the increasing concern about the late effects 

consecutive to early exposures identifies sensitive 

populations such as pregnant women and newborns as a 

priority for biomonitoring studies (175). Then, breast milk as 

mothers’ and babies’ urines appear as a relevant biological 

materials for conducting such studies, giving access both to 

an estimated internal exposure level of the mothers and their 

babies and to an estimated food exposure level of the 

breastfed newborn (176). Therefore, the first purpose of this 

second study was to clarify if during pregnancy and the first 

days of breast-feeding may occur oxidative alterations in 

newborns, also in relation to a possible exposure to 

bisphenols and in particular BPA and BPS. Furthermore, the 

second aim of this Ph.D project was to evaluate if and how, 

during pregnancy, the neo - mothers oxidative stress levels 

may change depending on their health status and on active 

and / or passive exposure to tobacco smoke, compared to the 

control population considered. 
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STUDY-LINE 1: OXIDATIVE STRESS IN 

PEDIATRIC POPULATIONS. THE ROLE OF 

PASSIVE SMOKING AND THE LIVING 

ENVIRONMENT. 

5. EXTENDED METHOD 

 Epidemiological sampling: 
The epidemiological sample was selected with the aim to 

investigate the oxidative status in several range of age 

measuring biological markers in a large population of healthy 

children and adolescence, also in relation to the presence of 

BPA. Schools were recruited on October 2015 and the 

enrolment started on January 2016; the “Provveditore agli 

Studi della Regione Piemonte” have facilitated the 

relationship with the schools. Managers and teachers have 

been informed about the project and the students have been 

called up for the information meeting during school hours. 

All the 223 students involved in the study were volunteers 

who attended the same school district but in three different 

school of Chivasso; in particular, a primary school, a 

secondary school and a high school were selected. No other 

selection criteria was adopted. Since the subjects were 

underage, parents were informed on the objective of the study 

and a written informed consent was signed and delivered 

from any parent who allowed to his son to participate. Thus, 

the participation of all subjects did not occur until informed 

consent was obtained. Sampling was carried out from January 

to March 2016, involving one class per day, on Wednesday 

or Thursday, according to a pre-established timetable. For 

each student, a short version of the questionnaire “SIDRIA” 
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was prepared to acquire information on age, sex, place of 

residence, hobbies, diet, therapies, and parent's smoking 

habits (177). An interviewer administered the questionnaire 

during school hours, the same day the urine sampling, some 

anthropometrics parameters took place. The local Ethics 

Committee of “San Luigi” Turin Hospital (11th March 2015, 

practice n ° 27/2015) approved the study protocol. 

 

 

 

 
 

 

 
 

 

 

Figure 5: Map of 
the sampling site. 

Chivasso is a 

smaller and less 
urbanized city 

than Torino with 

about 26,000 
inhabitants 

(Sources by 

Piedmont Region, 
2011). 
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 Biological analysis: 
 

Urinary cotinine: Cotinine measurement was carried out to 

quantify the passive exposure to tobacco smoke, which 

represents a possible factor of oxidative stress formation. A 

specimen of the first morning urine was collected from each 

volunteer and stored at −80 °C until analysis. Cotinine was 

measured by gas chromatography–mass spectrometry 

(GC/MS). A spot of fresh urine was collected in the morning 

and approximately at the same time from each volunteer and 

then stored at -80°C. 10 ml of urine was transferred into a 

glass tube and 4 g of NaCl, 500 µl of NaOH (5M) and 10 µl 

of cotinine-d3 (internal standard) were added. Cotinine was 

than extracted from urine repeating the following procedure 

twice: addiction of 2 ml of CHCl3, liquid-liquid extraction in 

a shaking wheel for 15 min., centrifugation for 10 min at 1000 

g. The two phases were collected together and evaporated 

with nitrogen. The cotinine calibration curve was built with a 

blank non-smoking subject’s urine pool extracted with the 

same procedure, in order to measure a concentration range 

from 10 to 100 ng/ml. The dry residue was dissolved in 200 

µl of CHCl3 and transferred in conical vial. In collaboration 

with Fondazione Salvatore Maugeri (FSM) of Pavia, GC/MS 

analysis was performed using an Agilent Technologies 689 

GC, interfaced to a 5973 MSD Inert Agilent MS. The 

analytical procedure has been described in detail elsewhere 

(178). Cotinine concentrations were normalized to the 

urinary creatinine (CREA) levels, as usual for every urinary 

measurement.  

 

Urinary Isoprostane: 15-F2t-IsoP was measured in urine by 

ELISA technique. A microplate kit specific for urinary 15-
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F2t-IsoP (Oxford, MI, USA) was used following 

manufacturers' instructions. This kit is based on a competitive 

ELISA so microplates are directly coated with polyclonal 

antibody specific for F2-IsoPs. Urine sample were mixed with 

an enhancing reagent to limit interferences due to specific 

binding. Both samples and standard compete with 15-F2t-

IsoP conjugated to horseradish peroxidase (HRP) for binding 

a polyclonal antibody on the microplate surface. After the 

addition of the substrate, the HRP activity resulting was 

measurable in color development. The intensity of the color 

is inversely proportional to amount of unconjugated F2IsoPs 

in the samples or standards. Sulfuric acid (3N) was then 

added to each well to stop the reaction and the microplate was 

read at 450 nm using a microplate reader (Tecan). The 

declared limit of detection is 0.2 ng/ml and the possible cross-

reactivity of this method is fixed below 3%. To achieve better 

accuracy by the ELISA method, a dilution rate of 1:4 (v/v) 

was adopted. 15-F2t-IsoP concentrations were normalized to 

the CREA levels. 

 

 

Urinary BPA – glucuronide: To exclude contamination 

from BPA, all urine samples were collected in BPA-free 

plastic vessels (polypropylene) and stored at - 80°C until 

analysis. All the laboratory glass material used were washed 

with methanol and then kept in methanol for 12 hours, which 

was subsequently analyzed to verify the possible 

contamination of BPA. Each thawed urine was vortexed and 

700 µl of acetonitrile, 750 µl of ethyl acetate and 10 µl of 

BPA-d16 (1 ng/µl), used as internal standard, were added to 

400 µl urine sample. To facilitate the liquid – liquid 

extraction (LLE), samples were vortexed for 3 minutes, 
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centrifuged at 4000 rpm for 15 min and the supernatants were 

evaporated to dryness by a gentle stream of nitrogen. The 

dried extract was dissolved with 125 µl of methanol/water 

(1:1 v/v) and analyzed by HPLC – MS/MS to quantify GlcA–

BPA. GlcA–BPA was identified and quantified by liquid 

chromatography equipped with a low-pH resistant reverse 

phase column, Kinetex EVO C18 (2.6 μm, 150 x 3.0 mm). 

The binary solvent system was: a) acidified ultrapure water 

with formic acid 0.1% v/v and b) acetonitrile (HPLC 

ultrapure grade) acidified with formic acid 0.1% v/v. The 

chromatographic separation was carried out at constant flow 

rate (200 µl/min-1) and constant temperature (23°C  1°C) 

by a column thermostat. The solvent linear gradient was from 

10% to 30% of B in 5 min, to 65% of B at 30 min, at 33 min 

95% of B. The concentration of solvent B was maintained at 

95% for 5 min. The initial mobile phase was re-established 

for 10 min before the next injection. The injection volume 

was 20 l and quantification was performed by internal 

standard method (BPA-d16). Quantitative analyses were 

carried out by tandem mass spectrometry with a 6330 Series 

Ion Trap LC-MS system equipped with an Electrospray 

Ionization Source (ESI). The analytes were detected in 

negative mode. The dry gas (Nitrogen) was at 325°C, 20.0 psi 

and 10 l min-1; capillary voltage was at 2000V. Data 

acquisition was made in Multiple Reaction Monitoring 

(MRM) mode by monitoring the transitions of quasi-

molecular ions [M-H]: 227 for BPA, 242 for BPA-d16, 307 

for HO3S–BPA, 403 for GlcA-BPA and 419 for OH-GlcA-

BPA. Procedural blank samples with ultrapure water in place 

of urine were collected, extracted and analyzed by HPLC-

MS/MS with the same samples protocol. In the processed 
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blanks were not detected BPA contaminations above the limit 

of detection (LOD, 0.065 ng mL-1). 

 

 

Urinary Creatinine: urinary creatinine was determined by 

the kinetic Jaffè procedure (179) to normalize the excretion 

rate of the all urinary markers described above. 
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6. RESULTS 

The characteristics of the students enrolled in the project are 

reported in Table 1. Numerousness, mean, standard deviation 

(s.d.) and percentage (%) for gender, age (years), height (m), 

weight (kg) and smoking exposure (number of cigarettes per 

day) are reported for the subjects grouped for educational 

level. Among the 223 students, 18 reported being active 

smokers (8%), all from the age group 14-19, 52 passive 

(23.3%), and 153 non-smokers (68.7%). All these parameters 

were proved not to be statistically different among 

educational level (non-parametric test: p>0.05). Therefore, 

these individual characteristics could be analyze as 

homogeneous in the three different groups. 

  
 

PRIMARY 
SCHOOL 

(7-10 years) 

SECONDARY 
SCHOOL 

(11-14 years) 

HIGH 
SCHOOL 

(15-19 
years) 

TOTAL 

N. 87 34 102 223 

Gender N. 
(%) 

Male 48 
(55.2%) 

Female 38 

Male 15 
(44.1%) 

Female 19 

Male 57 
(55.8%) 

Female 45 

Male 119 
(53.3%) 

Female 104 

Age (years) 
Mean ± s.d. 

8.87 ± 1.0 11.7 ± 0.8 16.6 ± 1.71 12.8 ± 3.8 

Height (m) 
Mean ± s.d. 

1.39 ± 0.08 1.54 ± 0.1 1.71 ± 0.08 1.56 ± 0.17 

Weight (kg) 
Mean ± s.d. 

35.6 ± 9.8 45.0 ± 7.5 64.5 ± 12.4 50.2 ± 17.2 

Smoking 
habits 

N. 
(%) 

Active 0 
Passive 26 

(30%) 
No exp 61 

(70%) 

Active 0 
Passive 5 
(14.7%) 

No exp 29 
(85.3%) 

Active 18 
(17.6%) 

Passive 21 
(20.5%) 

No exp 63 
(61.9%) 

Active 18 
 (8%) 

Passive 52 
(23.3%) 

No exp 153 
(68.7%) 

Table 1. Gender, age, height, weight and number of active and passive smokers in the whole 

population and in three groups sub grouped according to the three educational level 

considered. 
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In Table 2, cotinine, 15F2t-IsoP, and GlcA – BPA, all 

expressed as nanogram per 1 milligram of creatinine, are 

listed sub grouped per educational level as mean, standard 

deviation, and minimum and maximum. 

 

Table 2. Urinary cotinine, 15F2t-IsoP and total BPA inactivated values in the three groups 
subgrouped according to the three educational level considered. Min = minimum value; Max 

= maximum value. Units of biological markers are nanograms of every 1 mg of urinary 

creatinine. 

 

GlcA – BPA (inactivated BPA) show an increase of 

concentration proportional with increasing age, even if the 

intermediate age group (11-14 years) is slightly lower. The 

same thing is observed also for 15F2t-IsoP and the exposure 

to tobacco (mainly passively breathed) quantified by 

cotinine. According to the Box-Cox regression results, the 

values of urinary cotinine, 15F2t-IsoP, and GlcA – BPA were 

subjected to a logarithmic transformation before carrying out 

the subsequent analysis, in order to stabilize the variance and 

normalize the distribution. If inspecting the two way plot of 

log (ng 15F2t-IsoP/mg CREA) versus log (ng GlcA BPA/mg 

CREA) highlighted a non-linear relationship between these 

 
Cotinine 
[ng/mg 
CREA] 

15F2t-IsoP 
[ng/mg 
CREA] 

Total BPA 
inactivated 

[ng/mg CREA] 

 Mean (±sd)  
Min - Max 

Mean (±sd)  
Min - Max 

Mean (±sd)  
Min - Max 

PRIMARY SCHOOL 
(7-10) 

73.7 (± 109)   
1.06 - 382.9 

5.07 (± 5.4)  
0.6– 38.8 

7.5 (± 7.8) 
0.02 – 38.7 

SECONDARY 
SCHOOL  
(11-14) 

51.2 (± 111.0)  
0.1 – 372.3 

3.4 (± 2.9)   
0.5 – 17.1 

6.9 (± 5..3)   
0.9- 34.4 

HIGH SCHOOL 
(15-19) 

179.0(±282.5)  
0.1 – 1730.9 

5.76 (± 5.4)  
0.4– 23.2 

10.8 (± 0.8)  
0.3 –55.4 

TOTAL  Mean 
(± s.d.) 

 Min - Max 

107 (± 200)  
0.03 –1730 

4.8 (± 4.8)  
0.41 –38.8 

8.56 (± 7.8)  
0.02 –55.4 
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variables, suggesting a spline function to estimate the 

relationship, we used piecewise linear or "hockey stick" 

robust regression point (180). It presupposes that the effect of 

predictive variables on dependents can be best fitted by two 

straight lines, with different slopes, and calculating the two 

slopes and the value of the dependent at which the slope 

changes (the breakpoint or spline point). Therefore, the result 

of piecewise linear robust regression shows a break point at 

1.79 (95%CI: 1.56 - 2.02; p < 0.001) of the effect of log-

BPA on log-15F2t-IsoP (Figure 6 and Table 3). Thus, 

concentration of 15F2t-IsoP increases exponentially (more 

than threefold each one log unit of BPA), when log-BPA 

concentration overcomes the break point identified at 1.79. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Piecewise linear robust regression of the relation of log (GlcA–BPA) on log (ng 

15F2t-IsoP/mg CREA) – (break point at BPA = 6, 95% CI = 4.5 - 7.5). Exp (1.79) = 6 
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+ 12% 

MLR analysis shows a positive effect also of log-cotinine 

concentration on log 15F2t-IsoP (Table 3). This last effect is 

evident also by observing figure 7 where an increase of 12% 

of 15F2t-IsoP is observed for each one-unit-increment of log-

cotinine.  

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Added Variable Plot of the relation between log 15F2t-IsoP and log – cotinine 

given age. 

 

Furthermore, the analysis of the relationship between 

log(ng15F2t-IsoP/mg CREA) and age shows a trend V-

shaped (figure 8); with a significant decrease (p = 0.026) 

between infancy (7-10 year old) and the beginning of 

adolescence (11 – 15 years old) and then a new increase 

starting from 15 year of age (Figure 8 and Table 3). 
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Figure 8: Margins-plot of the relation between log 15F2t –IsoP and age classes. 

 

 

 

 

Table 3: Multiple linear regression parameters, with means and 95% confidence interval 

(C.I.), of log 15F2t-IsoP as dependent variable and log (total inactive BPA), log cotinine, 
age as predictors. 

  

 
Means 

C.I. 95% 
Lower limit – 
Upper Limit 

p < 

Total inactive BPA (ng/mg CREA) 1.79 1.56     2.02 <0.05 

Urinary Cotinine (ng/mg CREA) 0.03 0.00     0.06 < 0.001 
Age (years old):       < 10 

       11–14 
             ≥ 15 

1.19 
0.91 
1.37 

1.02     1.36 
0.71     1.11 
1.37     1.18 

NS 

<0.05 
NS 
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7. DISCUSSION AND CONCLUSION STUDY –LINE 1  

The main objective of this work was to evaluate the 

environmental diffusion and the consequent absorption of 

BPA in a population of children and adolescents attending 

primary, secondary and high school in a city located in 

Piedmont region, in the northwestern part of Italy. At the 

same time, the aim was to observe the role of this 

environmental pollutant in the induction of oxidative stress, 

taking into account as confounders, the role of passive and 

active exposure to tobacco smoke and age, other predictors of 

the same effect. These youth were enrolled as a population 

suitable to investigate as accurately as possible, some 

environmental conditions as predictors of oxidative status 

development. This because their life habits leads them to be 

more in contact with the outside environment and because 

their lower body weight makes them more sensitive and 

vulnerable. At this concern, young people are still in a phase 

of development of the body and of their metabolic system and 

therefore still fragile and hypersensitivity to environmental 

stimuli. The oxidative stress level was monitored through the 

quantification of urinary 15-F2t-IsoP concentration, a 

biomarker unaffected by diet potentially confounding the 

relationship we have investigated (141,181,182). Diet is very 

similar among all the students. This information originates 

from the answers to the questionnaire outlining a 

homogeneous domestic diet and because they benefit from 

the same school lunch prepared by the same company 

according to the requirements imposed by nutritionists 

working at the local health authority to minimize oxidant 

food. Since the exposure to BPA can influence the oxidative 

stress level, urinary GlcA – BPA was measured to know the 
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role of this contaminant in the onset of 15-F2t-IsoP values. 

Findings show that the effect of GlcA – BPA on 15F2t-IsoP 

has a threshold value around a break point of 1.79; this 

suggest that values of GlcA – BPA lower than 4.5 ng/mg of 

creatinine (exponential value of lower confidential limit) 

have no measurable effect on isoprostane; conversely, above 

the break point the 15F2t-IsoP grows linearly (p < 0.005). To 

explain this log-linear relationship characterized by a 

threshold value, we must remember the higher commitment 

of liver to contrast the higher concentrations of this 

contaminant, or an insufficient sensitivity of analytical 

technique to detect BPA at lower concentrations. 

Nevertheless, this last hypothesis seems to be contradicted by 

the log - linear relationship without threshold of the 15F2t-

IsoP versus cotinine. Indeed, the induction of oxidative stress 

by passive and/or active smoking is confirmed in adolescent 

subject independently from age also in our previous paper 

(113). The age of the subject proved to be another factor that 

can significantly influence the 15-F2t-IsoP concentration. 

The 15-F2t-IsoP levels in the 11-15 age group has been 

studied in a previous work (178) where a slight decrease (6%) 

was recorded passing from 11 to 15 years. In the present 

study, the analysis of 15-F2t-IsoP levels according to age (7-

19 years old) highlighted the V-shape previously illustrated. 

This seems to show that the oxidative stress experiences a 

lowering of intensity in the first years considered, and then 

return to grow regularly. This may result in the establishment 

and growth of a condition of chronical inflammation until 

senescence (182–184). Finally, urine GlcA – BPA 

concentrations were positively associated with BMI but not 

in significant way. Due to its rapid metabolism (half – life 

less than 6 h), BPA exposure estimates from first morning 
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urine may just represent the exposure at the prior meal 

(dinner), not daily or average exposure level. Given the food 

indigestion as the main exposure route to BPA, should be 

collect more urine samples throughout the day preceding the 

sampling to avoid underestimation of exposure to this 

contaminant. To conclude, the adolescent studied show an 

increase in oxidative stress dependent from tobacco smoke 

passively and/or actively breathed, and from GlcA – BPA 

higher than 4.8 ng/mg of crea. This last theme, not analyzed 

in depth yet by the International Scientific Community, must 

be taken care of by the Public Health Authorities in a careful 

manner and without forgetting the other Bisphenols, now 

present in the living environment. Thus, the evidence of these 

risky conditions for public health may represent a platform 

for designing new preventive strategies addressed to 

promoting adolescent health in a sensitive period of growth, 

sexual differentiation, and brain development. Thus it is 

crucial to continue the study of new and safer materials 

having the least impact on environment and human health. 

The two main results obtained in this work are: BPA causes 

an increase in oxidative stress in the adolescents selected for 

the study, but only from 6 ng / mg of CREA up. In addition, 

the tobacco smoke passively breathed is able to induce an 

increase of the oxidative stress. The promotion of health must 

therefore also consist of the preventive contrast to BPA still 

present in the living environment.  
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STUDY-LINE 2: BISPHENOLS AS ENDOCRINE 

DISRUPTORS AND THE ONSET OF OXIDATIVE 

STRESS IN NEWBORNS. 
 

8. EXTENDED METHOD 

 Epidemiological sampling:  

The epidemiological sample was selected in order to 

represent the population of mothers and their newborns 

potentially and variously exposed to bisphenols and to 

evaluate if their exposure to BPA and BPS, during pregnancy 

and already the first 24 hours of breast-feeding may cause 

oxidative alterations. The subjects were recruited by 

consulting the register of subjects born during 2015-2017 at 

the University Unit of Neonatology of the Sant'Anna 

Gynecological Hospital of Turin. In particular, the enrollment 

started on March 2016. First, the doctors and nurses staff have 

been informed about the project in order to help in the 

recruitment of hospitalized mothers and babies. Only term 

pregnancies (> 37 EG-W) were included in the study; babies 

were excluded from the project if they had an Apgar score of 

less than 5 at 5 minutes of life, if they were admitted to the 

neonatal intensive care unit or, more in general, if they had a 

certain specific diagnosis certifying the danger of life. Every 

recruited mom was informed on the objective of this study 

and a written informed consent was signed and returned, 

while for the participation of the baby was requested the 

authorization of both parents. Thus, the participation of all the 

subjects did not occur until informed consents were obtained. 

Then the sensitive data of the women recruited, as well as 

those of the newborns, have been replaced by an 
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identification code to ensure full respect for privacy during 

all subsequent stages of sampling and analysis of data. At the 

end of the sampling, 100 mothers in physiological conditions 

with their babies and 50 mothers in pre-delivery 

circumstances potentially at risk (gestational diabetes, 

hypertension, and hypothyroidism) with their babies were 

enrolled. During the hospitalization mothers were asked to 

fill in a short questionnaire in order to acquire information on 

individual, clinical, smoking, diet and working mother’s 

habits and on the baby's health status at birth time. Moreover, 

before hospital discharge few milliliters of milk with manual 

BPA/BPS-free breast pump and a pool of urine were 

collected. Furthermore, a specific polypropylene bag 

(Urinocol® Pediatric, BRAUN) was positioned inside the 

diaper of each newborn enrolled to collect a few milliliters of 

urine. Urine and milk samples were transported to the 

laboratory within 3 hours of sample collection and were 

stored at -80°C until laboratory analysis. In both cases, the 

biological samples were gathered in special glass little jars 

pretreated in methanol to reduce the risk of environmental 

contamination. Moreover, to better evaluate the oxidative 

trend, a control population constituted of 50 women, aged 

between 25 and 35 years, healthy and far, at least of 2 years, 

from any pregnancy was selected. To this sample has been 

proposed the same protocol adopted for the neo-mothers, 

with the aim to highlight if pregnancy may have any 

influences on the oxidative status. The local Ethics 

Committee of “A.O.U. Città della Salute e della Scienza” of 

Turin (22nd October 2015, practice n ° CS/709) approved the 

study protocol.  
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 Biological analysis 
Urine 

 

Total (Free + Conjugate) BPA and BPS: 4 mL of fresh 

urine was thawed and vortexed; 2 mL was used for the 

determination of free bisphenols, while the other 2 were used 

for the determination of bisphenol-glucuronides after 12 

hours of incubation with 20 units of β-glucuronidase 

/arylsulfatase. Briefly, for the determination of free BPA and 

BPS: 2 ml of urine were transferred in a specially tube 

pretreated with methanol, vortexed and acidified with HCl at 

Ph 1. Subsequently NaCl was added (Salting Out process) 

together with 30 µL of a standard solution containing BPSd8 

and BPA-d16 with a concentration of 0.10 and 0.05 mg/L 

respectively. At this point 750 µL of chloroform and 500 µL 

of acetone for the liquid-liquid extraction (LLE) were added. 

Each sample was vortexed and then sonicated for 1 minute. 

Finally, the sample was centrifuged at 4000 rpm for 20 min, 

and then the supernatant was collected and transferred to a 

new pretreated vial. LLE was repeated adding only 800 µl of 

chloroform and finally all the extracted supernatant was 

brought to dryness under nitrogen and then was suspended in 

100 μl of a solution composed of ammonium acetate 5 mM 

in ultrapure water and acetonitrile 5mM. Concerning the 

determination of conjugate BPA and BPS: after 12 hours of 

incubation with the enzyme β-glucuronidase /arylsulfatase, 

the same extraction procedure described in detail above was 

performed.  

 

Isoprostane: 15-F2tIsoP was measured in urine by ELISA 

technique. All the details have been previously described. 
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Cotinine: Urinary cotinine was measured aiming to consider 

the possible role played by tobacco smoke in the onset of an 

oxidative stress status. Cotinine was measured in urine 

sample with a solid phase competitive ELISA kit, according 

to manufacturer’s instructions. The samples and Cotinine 

enzyme conjugate were added to the wells coated with anti-

Cotinine antibody. Cotinine in the samples competed with a 

Cotinine enzyme (HRP) conjugate for binding sites. 

Unbound Cotinine and Cotinine enzyme conjugate was 

washed off by washing step. Upon the addition of the 

substrate, the intensity of color was inversely proportional to 

the concentration of Cotinine in the samples. A standard 

curve was prepared relating color intensity to the 

concentration of the Cotinine. 

 

 

Cytokine: the analysis of these parameters were carried out 

in collaboration with prof.ssa Tiziana Musso of the 

Microbiology Unit of the Dept. of Public Health and 

Pediatrics of University of Turin. Briefly, urine samples were 

aliquoted and immediately stored at −20°C until assayed. The 

urinary concentration of IL-1β and IL-6 was determined by 

an enzyme-linked immunosorbent assay human Duo-Set Kit 

(ELISA) (R & D Systems, Minneapolis, MN, USA). This 

method involves covering the bottom of the well with a 

specific antibody for the antigen to be measured. A wash is 

performed and the antigen is then introduced, which will bind 

to the antibody. A further wash is performed to remove the 

excess antigens. Finally, a specific antibody is introduced, 

which will bind the antibody and antigen complex forming a 

triple layer. At the last added antibody, a specific enzyme was 

bound, and by adding its substrate a colored product is 
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formed, which will highlight the well. The development of 

color is indicative of the presence of the antigen researched 

and the intensity of the color, measurable thanks to the 

spectrophotometer, provides a quantitative indication. The 

range of the Il-6 and IL-1β standard curves was 9.4 pg/ml and 

3.9 pg/ml, respectively. All samples were measured in 

duplicate. The intra- and inter-assay coefficients of variation 

for 2 different proteins were < 10% and < 15%, respectively. 

 

 

Creatinine: urinary creatinine was determined by the kinetic 

Jaffè procedure (Bartels and Cikes, 1969) to normalize the 

excretion rate of the all urinary markers described above. 
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Milk 

Free BPA and BPS: 1 mL of breast milk was thawed, 

vortexed and subsequently diluted with 9 ml of a mixture of 

Milli-Q water and methanol (8 ml of water + 1 ml of 

methanol); later the sample was positivized with 30 uL of a 

standard solution containing BPS – d8 and BPA - d16 with a 

concentration of 0,10 and 0,05 mg/L respectively. In parallel, 

a SPE C-18 cartridge (Strata C18-E 55 um, 70 A) was 

conditioned with 5 ml of methanol and immediately 

rebalanced with 5 ml of Milli-Q water. After loading the 

sample in the C-18 column, a wash with 8 ml of Milli-Q water 

and another one with 2 ml of a solution of methanol and water 

(9:1) were carried out. Finally, the sample was eluted with 5 

ml of methanol, brought to dryness under a gentle stream of 

nitrogen and then re-suspended in 100 μl of a solution 

composed of ammonium acetate 5 mM in ultrapure water 

60%and acetonitrile 5 mM 40%.  

 

 Set up of the instrumental method in urine and milk 
for BPA/BPS 

The accurate determination of BPs at ultra-low 

concentrations is frequently hindered by many factors. 

Organic solvents used in the laboratory may release BPs from 

plastic labware, leading to contamination, and pure water has 

also been found to contain detectable levels of BPs (185). 

Therefore, in the present project, the urine and milk collection 

tubes, other equipment used to handle and store samples, and 

each step in the chemical analysis procedure were screened 

to confirm the absence of BPA and BPS. All the solvents used 

for sample preparation were proven to BPs free. Only 

glassware was used to avoid BPs contamination by plastic 
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goods; moreover, the glassware was baked for 4 h at 400°C 

in a muffle furnace and then rinsed with methanol before use. 

Procedural blanks, containing water in place of urine or milk, 

were subjected to the same extraction protocol as the actual 

samples and analyzed to evaluate the level of contamination 

from the extraction procedure. No BPA and BPS were 

detected in the procedural blanks above the limit of detection 

for the biological matrices. As illustrated in the figure 9 

below, BPA and BPS molecules contain in their structure 

hydroxyl groups (-OH) and, therefore, is preferred to operate 

in mass spectrometry by evaluating negative ions. The m/z 

ratios for bisphenol A and S are respectively 227 and 249, 

while for BPA-d16 and BPA-d8 are 241 and 257 respectively. 

 

 

 

 

 

 

The instrumental analysis was carried out with a UPLC 

Shimadzu Nexera X2 System interfaced through an ESI 

source (Turbo V™ Ion) to a mass spectrometer Sciex QTrap 

5500 system. The transitions considered during this research 

are shown in the table 5 below. The bold transitions are those 

used to quantify the analytes because they are the most 

sensitive. 

 

 

 

Figure 9. BPA and BPS chemical structures 
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Molecular 

ion  

(m/z) 

Fragmented 

ion  

 (m/z) 

Reitention 

Time  

(min.) 

BPA 227 212 2,6 

BPA 227 133 2,6 

BPS 249 108 1,0 

BPS 249 92 1,0 

BPA-d16 241 223 2,6 

BPA-d16 241 142 2,6 

BPS-d8 257 112 1,0 

BPS-d8 257 96 1,0 
Table 5. The m / z ratios of the analytes molecular ions and those of their fragments 

 

Once set–up the spectrometric part and therefore find the 

various m/z ratios to follow and optimize the values of the 

various gas and collision energy, a standard mix was prepared 

to set –up the chromatographic method and thus determine 

the times of retention for each analyte. The standards were 

dissolved in a 60% Acetic Acid (AA) 5mM / H2O 40% AA 

5mM/ Acetonitrile (ACN) solution corrected at pH 7.5 with 

NH3. The chromatographic column used is a Phenomenex 

Luna Omega C18 (1.6 μm, 100 mm × 2.1 mm). From the 

chromatographic run, it can be observed that deuterated and 

non-deuterated BPA is released around 2 minutes (figure 11), 

while the BPS deuterated and not deuterated around the 

minute 1.08 (figure 12). The best instrumental conditions to 

ensure maximum analytical sensitivity in the separation and 

determination of urine matrix analytes are reported in Table 

6. Concerning to the milk samples, the chromatographic run 

has been prolonged because this matrix is more complex than 

urine. So the following instrumental conditions was 

optimized to ensure the maximum analytical sensitivity 

during the separation and determination of the matrix 

analytes (Table 7). 
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Table. 6: The optimal chromatographic conditions applied to urine samples. 

 

Table.7: The optimal chromatographic conditions applied to milk samples. 

In this study the use of the mobile phase solvents (60% AA 

5mM / H2O 40% AA 5mM / ACN) at pH = 7.5 / 8 was 

decisive to ensure a greater presence of bisphenol A and S 

molecules in deprotonate form. The optimal pH to obtain this 

INJECTION 
Volume: 20µl 

SOURCE TEMPERATURE: 300 C° 

FLOW 350 µl/min 

 
Time 

(min) 

AA 

5mM/H2O 

% 

AA 

5mM/acetonitrile 

% 

CROMATOGRAPHIC 

RUN 
0 60 40 

5 0 100 

5,10 60 40 

11,.00 60 40 

INJECTION 
Volume: 20µl 

SOURCE TEMPERATURE: 300 C° 

FLOW 350 µl/min 

 
Time 

(min) 

AA 

5mM/H2O 

% 

AA 

5mM/acetonitrile 

% 

CROMATOGRAPHIC  

RUN 

0 70 30 

2,00 70 30 

12,00 0 100 

15,00 0 100 

 15,10 70 30 

 20,00 70 30 
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type of situation has been selected at the pH value of 7.5/8 

instead of 10, because at higher pH values the stationary 

phase of the chromatographic column degrades. From the 

graph (Figure 10), it can be observed that the species of 

protonated bisphenol (blue line) decrease by increasing the 

pH values. At pH = 10, deprotonation of all bisphenol 

molecules occurs. Since the chromatographic column used 

during this PhD project would degrade at this values, we try 

to push the pH as close as possible to this value. 

 

 

 

 

 

 

 

 

 

Figure 10: Graph showing the trend of protonated and deprotonated species at pH 
variation 
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Below are reported all together the chromatograms of the 

analytes: BPA, BPS and their respective deuterated internal 

standards (Figure 11); following are also reported the MRM 

chromatogram for BPA and its deuterated form (Figure 12) 

and the MRM chromatogram for BPS and its deuterated form 

(Figure 13). 

 

 

 

 

 

 

 

 

 

 

 

Figure.11: MRM chromatogram of the analytes. 
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Figure 12: MRM chromatogram of the two BPA and BPA-d16 transitions. 

 

 

 

  

  

 

 

 

 Figure 13: MRM chromatogram of the two BPS and BPS –d8 transitions. 
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 Validation of the instrumental method in urine and 

milk for BPA/BPS 

The methods were evaluated in terms of linearity, accuracy, 

precision and sensitivity. Isotopic internal standards were 

employed to compensate for the matrices effects and the loss 

during the analysis. Linearity was verified by injecting the 

standards for the two analytes, which exhibited satisfactory 

linearity, with correlation coefficients (R2) greater than 0.99 

(figure 14). Accuracy was evaluated by measuring the 

recoveries of BPA and BPS in spiked, blank urine samples 

The LOQ and LOD values are listed in table 8 and are 

defined as the lowest spiked concentration in blank urine and 

milk that can yield a signal to–noise (S/N). 

 

 

 

 

 

 

 

 

 

 



61 

 

 

 

 

 

 

 

 

 

Figure 14: Calibration curves for each analyte considered and used for the quantification 
of the sample 

 

 

 

 

Analyte LOD (µg/L) LOQ (µg/L) LLOQ (µg/L) 

BPA 9.16 30.52 0.5 

BPA-d16 0.63 2.10 0.5 

BPS 15.44 51.46 0.1 

BPS-d8 10.13 33.77 0.1 

Table 8: LOD, LOQ and LLOQ expressed as µg/L for each analytes considered and their 

corresponding internal standard. 
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9. RESULTS 

The characteristics of the all mothers enrolled in this project 

are reported in Table 9.  

 

Table 9. Age, height, weight pre-pregnancy, BMI, scholarization level, ethnicity and 

number of active and passive smokers in the whole population considered. 

 

Numerousness, mean and standard deviation (s.d.) for age, 

height, weight at the beginning of the pregnancy and BMI are 

reported. Moreover, in the bottom of the table are showed the 

numerousness and the percentage of the sample depending on 

ethnicity, scholarization level and exposure to tobacco 

smoke. Among the 172 mothers, 13 reported being active 

smokers (7.5 %), 26 passive (15.1%), and 133 non-smokers 

(77.4%). All these parameters are proved not to be 

statistically different (non-parametric test: p>0.05) and 

consequently the sample should be considered as a 

 
MOTHERS p 

N. 172 

N.S. 

Age (years) 

Mean ± s.d. 
33.6 ± 4.93 

Height (m) 

Mean ± s.d. 
1.64 ± 0.07 

Weight pre-pregnancy (kg) 

Mean ± s.d. 
63.8 ± 13.6 

BMI 
Mean ± s.d 

23.7 ± 4.8 

Scholarization level 
N. (%) 

First level: 23 (13.4%) 

Second level: 69 (40.1%) 

Third level: 80 (46.5%) 

Ethnic Group 
N. (%) 

Caucasian 157 (91.3%) 

Non Caucasian 15 (8.7%) 

Smoking habits 

N. (%) 

Active 13 (7.5%) 

Passive 26 (15.1%) 

No Exp 133 (77.4%) 
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homogeneous population. In the following table, the urinary 

levels of BPA and BPS, respectively free and conjugated 

form, 15-F2t Isop, cotinine, IL-6 and IL-1β, normalized for 

creatinine levels, are listed as mean and standard deviation 

(table 10). 

 

Table 10. Urinary free and conjugate BPA/ BPS, 15F2t-IsoP, cotinine, IL– 1β and IL – 6 

values in the whole population considered. 

 

Subsequently, in order to better understand the exposure level 

to bisphenols, mothers sample was sub-grouped according to 

the presence or absence of some specific diseases. In 

particular, we decided to include only those subjected 

affected by diabetes (pre or during pregnancy), hypertension 

and hypothyroidism. In fact, those pathologies probably 

could be influenced by the exposure to high levels of 

bisphenols. Therefore, table 11 shows the same 

characteristics for the two categories previously mentioned as 

reported in table 9. The analysis shows differences 

statistically significant between the two groups for weight – 

pre pregnancy, BMI and educational levels (p<0.005), while 

the other parameters are proved not to be statistically 

different among the two groups. The biological markers, 

previously described, have been re-considered according to 

these two sub-groups. Thus, in table 12, no statistically 

N. 

MOTHERS  

BPA 
(ng/mg CREA) 

Mean 

(± s. d.) 

BPS 
(ng/mg CREA) 

Mean 
(± s. d.) 

15-F2t 
Isop 
(ng/mg 
CREA) 

Mean  
± s.d. 

Cotinine 
(ng/mg 

CREA) 
Mean  
± s.d. 

IL – 1β 
(pg/ml) 

Mean  
± s.d. 

IL – 6 
(pg/ml) 

Mean  
± s.d. 

172 

free  con free con 

3.28  
± 4.18 

9.32  
± 33.4 

34.4  
± 92.3 

82.5  
±213.5 

0.23 
(± 0.42) 

0.19  
(± 0.35) 

0.04  
(± 0.15) 

0.023  
(± 

0.14) 
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differences have been highlighted, even if, as showed in the 

bar-graphs reported below, the tendency among pathological 

mothers with higher oxidative-stress and inflammatory levels 

are evident if compared to the healthy mothers (figure 14).  

 

 

Table 11. The two groups sub grouped according to the healthy condition considered. As 
pathological were considered only mothers with pregnancy or not diabetes, hypertension 

and hypothyroidism because these are the 3 diseases more probably associated with a high 

exposure to bisphenols. 

 

 MOTHERS 
p 

Pathological Non Pathological 

N 60 112 N.S. 

Age (years) 

Mean ± s.d. 
33.9 ± 5 33.4 ± 4.9 N.S. 

Height (m) 

Mean ± s.d. 
1.65 ± 0.06 1.63 ± 0.07 N.S. 

Weight  pre-pregnancy(kg) 

Mean ± s.d. 
70.9 ± 17.1 60.1 ± 9.4 < 0.05 

BMI 

Mean ± s.d. 
25.9 ± 6.1 22.5 ± 3.3 < 0.05 

Scholarization level 

N. (%) 

First level: 9 (15%) First level: 14 (12.6%) 

< 0.05 Second level: 34 (56.6%) Second level: 35 (31.5 %) 

Third level: 17 (28.4%) Third level: 62 (55.9%) 

Ethnic Group 
N. (%) 

Caucasian: 53 (88.3%) Caucasian 104 (92.8%) 
N.S. 

Non Caucasian 7 (11.7%) Non Caucasian 8 (7.2%) 

Smoking habits 
N. (%) 

Active 7 (11.6%) Active 6 (5.35) 

N.S. Passive 9 (15%) Passive 17 (14.2%) 

No Exp 44 (73.3%) No Exp 89 (79.5%) 
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Table 12. Urinary free and conjugate BPA/ BPS, 15F2t-IsoP, cotinine, IL– 1β and IL – 6 

values in the in the two groups sub-grouped according to the healthy condition considered. 
Path: Pathological women; 

Non Path: Non pathological women; 

 
 

 

 

 

 

 

 

 

 

 

 

 

MOTHERS  

BPA 
(ng/mg CREA) 

Mean 

(± s.d.) 

BPS 
(ng/mg CREA) 

Mean 
(± s.d.) 

15-F2t 
Isop 
(ng/mg 
CREA) 

Mean  
± s.d. 

Cotinine 
(ng/mg CREA) 

Mean  
± s.d. 

IL – 1β 
(pg/ml) 

Mean  
± s.d. 

IL – 6 
(pg/ml) 

Mean  
± s.d. 

Pat. 

free  con free con 
3.84  

± 4.31 
5.9 
±9.2 

43.9 
±91.05 

92.9 
±154.6 

0.24 
(± 0.42) 

0.2  
(± 0.41) 

0.04  
(± 0.18) 

0.033  
(± 0.19) 

Non 
Pat.  

0.23 
(± 0.43) 

0.19 
(± 0.31) 

0.036  
(± 0.12) 

0.017  
(± 0.11) 

2.98  
± 4.10 

11.15 
±40.8 

29.34 
±92.99 

76.9 
±239.6 

p. N.S. 
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Figure 14.  Differences of 

means in pathological (all) 
mothers vs healthy mothers 

for: A) isoprostane ng/mg 

CREA ; B) interleukins values 
pg/ml (IL-1β/IL-6); C) BPA 

free e BPA conjugated ng/mg 

CREA 
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For the second topic of this project and in order to better 

understand the relation between the level of oxidative stress 

and the healthy condition of the sample considered, mothers 

were sub-grouped again according to the presence of 

diseases. Unlike the division previously described, we 

decided to include in the pathological category all the 

mothers who referred a general disease during pregnancy. In 

particular, we selected also allergic, autoimmune or 

respiratory disease, such as asthma. Therefore, table 13 

shows the same characteristics already considered in Table 8, 

but sub-grouped into two different categories.  

Table 13. The two groups according to the healthy condition considered. In particular. As 

pathological were considered all mothers referred a pathological condition during 

pregnancy. 

 MOTHERS 
p 

Pathological Non Pathological 

N 75 97 N.S. 

Age (years) 

Mean ± s.d. 
33.7 ± 4.9 33.5 ± 4.9 N.S. 

Height (m) 

Mean ± s.d. 
1.65 ± 0.06 1.63 ± 0.07 N.S. 

Weight 

 pre-pregnancy(kg) 

Mean ± s.d. 

68.3 ± 16.5 60.5 ± 9.6 < 0.005 

BMI 

Mean ± s.d 
25.1 ± 5.8 22.6 ± 3.4 < 0.005 

Scholarization 

level 

N. (%) 

First level: 11 (14.6%) First level: 12 (12.3%) 

< 0.005 Second level: 39 (52%) 
Second level: 30 
(31%) 

Third level: 25 (33.4%) Third level: 54 (56.7%) 

Ethnic Group 
N. (%) 

Caucasian 67 (89.3%) Caucasian 90 (93%) 
N.S. 

Non Caucasian 8 (10.7%) Non Caucasian 7 (7%) 

Smoking habits 
N. (%) 

Active 10 (13.3%) Active 9 (9.27%) 

N.S. Passive 16 (21.3%) Passive 22 (22.7%) 

No Exp 49 (65.3%) No Exp 66 (68%) 
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As reported in the table 13, all the parameters considered are 

proved not to be statistically different among the two groups, 

except for weight – pre pregnancy, BMI and educational 

levels. In table 14 the urinary levels of 15-F2t-Isop, cotinine, 

IL-6 and IL-1β, normalized for creatinine, are listed as mean 

and standard deviation. Thus, it can be observed that no 

statistically difference has been highlighted, even if, as 

showed in the bar-graphs reported below, the tendency 

among pathological mothers with higher oxidative-stress 

levels are again evident if compared to the healthy (figure 15-

A). Otherwise, the comparison between pathological mothers 

pathological mothers with higher inflammatory level and the 

control group show difference statistically significant 

(p<0,005) (figure 15-B) 

  

Table 14. Urinary free and conjugate BPA/ BPS, 15F2t-IsoP, cotinine, IL– 1β and IL – 6 

values in the in the two groups sub-grouped according to the healthy condition considered 

 

 

 

 

 

MOTHERS  

15-F2t Isop 
(ng/mg CREA) 

Mean  
± s.d. 

Cotinine 
(ng/mg CREA) 

Mean  
± s.d. 

IL – 1β 
(pg/ml) 

Mean  
± s.d. 

IL – 6 
(pg/ml) 

Mean  
± s.d. 

Pat. 3.9 ± 5.8 7.3 ± 13.8 48.4 ± 118.5 119.3 ± 295.9 

Non 
Pat.  

2.73 ± 1.93 10.8 ± 42.8 23.6 ± 63.8 54.0 ± 108.8 

p. N.S. 
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Figure 15. (A): the bar-graph show that no statistically difference has been 

highlighted, even if, there is the tendency among pathological mothers with higher 
oxidative-stress levels are again evident if compared to the healthy group. (B): the 

comparison between pathological mothers pathological mothers with higher with 

higher inflammatory level and the control group show difference statistically 
significant (p<0,005) 
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Table 7. GLM 
model with 

oxidative stress 
as dependent 

variable and BPA 
conjugated, 

pathology during 
pregnancy, 

ethnic group, 
tobacco smoke 
exposure, age 

and 
scholarization 

level as 
independent 

variables. 

Table 15. GLM model with oxidative stress as dependent variable and BPA conjugated, 
pathology during pregnancy, ethnic group, tobacco smoke exposure, age and scholarization 

level as independent variables. 
 

 

Proceeding with the statistical analysis, we analyzed a more 

complex model (for mothers) that took into account all the 

independent variables analyzed in relation to the dependent 

variable of oxidative stress. Therefore, the GLM has 

highlighted as statistically significant the relationships 

between the 15-F2t -Isop dependent variable and the 

following independent variables: conjugated BPA, 

pathologies during pregnancy and tobacco smoke exposure. 

In particular, the GLM showed an inversely proportional 

correlation between the 15-F2t-Isop and the BPA- conjugated 

values (p = 0.004), while the levels of oxidative stress are 

directly related to the presence of pathologies during 

pregnancy (p = 0.000) and with the increase of exposure to 

tobacco smoke (passive and active p = 0.000) (table 15). The 

other independent variables considered, such as ethnicity, age 

15-F2t Isoprostane 
 

Regression coefficient 

 (95% C.I.) 

p < 

BPA conjugated 

 

-2.9 

(0.8 - 0.9) 

0.004 

 

Oxidative stress pathologies correlated + 3.49 

(2.9 - 48.4) 

0.000 

Ethnic group +0.39 

(0.5 - 3.1) 

> 0.05 

Tobacco smoke:      Passive smokers 

 

                                 Active smokers 

+5.31 

(4.1 - 21.2) 

+6.34 

(4.9 - 20.6) 

0.000 

 

Age - 5.94 

(0.8 - 0.9) 

> 0.05 

 

Scholarization level : High School 

 

                                   Degree, Ph.D, others 

+1.39 

(0.8 - 3.9) 

-1.70 

(0.1 -  1.2) 

> 0.05 



70 

 

and scholarization level, have proved to be not statistically 

significant, although the educational level shows an inversely 

proportional trend with isoprostane levels. 

Finally, we decided to evaluate and compare this results with 

a control group of 50 healthy and not closed to pregnancy 

(almost to 2 years) women. The characteristics of the control 

group enrolled are reported in table 16.  

 
 

CONTROL SAMPLE p 
N. 50 

N.S. 

Age (years) 

Mean ± s.d. 
28.8 ± 4.83 

Height (m) 

Mean ± s.d. 
1.65 ± 0.07 

Weight (kg) 

Mean ± s.d. 
59 ± 9.7 

BMI 
Mean ± s.d. 

21.5 ± 3.24 

Smoking habits 

N. (%) 

Active:  6 (12%) 
 Passive: 12 (24%) 

No Exp: 32 (64%) 

Table 16. Age, height, weight, BMI, and number of active and passive smokers in the 

control group. 

 

Moreover, in the bottom of the table 16 are showed the 

numerousness and the percentage of the sample depending on 

ethnicity, scholarization level and exposure to tobacco 

smoke. All these parameters were not statistically different 

(non-parametric test: p > 0.05) and consequently the sample 

should be considered as homogeneous. In the table 17, the 

urinary levels of BPA and BPS, respectively free and 

conjugated form, 15-F2t-Isop, cotinine, IL-6 and IL-1β, 

normalized for creatinine levels, are listed as mean and 

standard deviation. 
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Table 17. Urinary free and conjugate BPA/ BPS, 15F2t-IsoP, cotinine, IL– 1β and IL – 6 
values in the in the two groups sub-grouped according to the healthy condition considered. 

 

The comparison between the urinary mothers BPA-free, 

oxidative and inflammatory levels and those of the control 

group highlight differences statistically significant (p < 

0.005). As illustrated in figure 16, this relationship is more 

evident when the model correlate isoprostane and BPA free 

levels. Moreover, subjects of the control show higher 

exposure if compared to mothers (figure 17) 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

N. 

CONTROL SAMPLE 

BPA 
(ng/mg CREA) 

Mean 

(± s.d.) 

BPS 
(ng/mg CREA) 

Mean 
(± s.d.) 

15-F2t 
Isop 
(ng/mg 
CREA) 

Mean  
± s.d. 

Cotinine 
(ng/mg CREA) 

Mean  
± s.d. 

IL – 1β 
(pg/ml) 

Mean  
± s.d. 

IL – 6 
(pg/ml) 

Mean  
± s.d. 

50 

free  con free con 11.7 
± 15.6 

 

27.24 
± 68.3 

 

3.8 
± 0 

 

9.3 
± 0 

 

1.02  
(± 1.38) 

1.00  
(± 1.37 

0.07  
(± 0.14) 

0.07  
(± 0.14) 

Figure 5. 
Correlation 

between 
isoprostane 

and BPA free 
levels (A) and 
subgrouped 
for controls 

and mothers 
(B).  
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Another topic of this second Ph.D. project was to clarify if 

during pregnancy and, in particular at the moment of 

delivery, may occur oxidative alterations in newborns, also in 

relation to a possible exposure to BPA and BPS. Therefore in 

table 18 are reported the characteristics of the 172 babies 

enrolled in the project. Numerousness, mean, standard 

deviation (s.d.) and percentage (%) for babies exclusively 

breast feed, breast  and formula (as integration) feed and 

presence/absence of pathologies at birth are reported for the 

172 subjects grouped for sex. All the parameters considered 

are proved not to be statistically different (non-parametric 

test: p > 0.05) and consequently also the babies sample should 

be considered as a homogeneous population. As mothers and 

sample group, in the table 19, the urinary levels of BPA and 

BPS, respectively free and conjugated form and 15-F2t-Isop, 

normalized for creatinine levels, are listed as mean and 

standard deviation. 
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Figure 17. Correlation between isoprostane and BPA 
free level,  subg-rouped for controls and mothers.  
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Table 18. Length, cranial circumference and weight at birth as mean and standard deviation 

in the babies groups sub grouped according to the sex. Moreover, for each category 
considered, the type of breastfeeding and the presence/absence of pathologies at birth is 

reported as numerousness and percentage. 

 
 

Table 19. Urinary free and conjugate BPA/ BPS and 15F2t-IsoP in the in the babies group 

sub-grouped according to the sex.  

 

 BABIES 
p 

BOYS GIRLS 

N 99 73 

N.S. 

 

Length at birth (cm) 

Mean ± s.d. 
50.06 ± 1.7 49.3 ± 1.65 

Cranial Circumference 

at birth (cm) 

Mean ± s.d. 

34.4 ± 1.10 33.9 ± 1.10 

Weight  at birth (kg) 

Mean ± s.d. 
3.34 ± 0.39 3.24 ± 0.41 

 Breast feeding 

N. (%) 

YES: 81 (81.8%) YES: 60 (82.2%) 

NO: 18 (18.2%) NO: 13 (17.8%) 

Breast feeding + 
formula 
N. (%) 

YES: 69 (69.7%) YES: 54 (74%) 

NO: 30 (30.3) NO: 19 (26%) 

Pathologies at birth 
N. (%) 

YES: 19 (19.2%) YES: 21 (28.7%) 

NO: 80 (80.8%) NO: 52 (71.3%) 

 

BABIES 

BPA 
(ng/mg CREA) 

Mean 

(± s.d.) 

BPS 
(ng/mg CREA) 

Mean 
(± s.d.) 

15-F2t 
Isop 
(ng/mg 
CREA) 

Mean  
± s.d. 

BOY
S 

free  con free con 
5.21 

± 4.25 
0.24 

(± 0.69) 
0.063 

(± 1.25) 
0.017  

(± 0.66) 
0.15  

(± 0.52) 

GIRL
S  

0.26 
(± 0.52) 

0.031 
(± 0.92) 

0.024  
(± 0.07) 

0.15  
(± 0.44) 

5.83 
± 9.8 

TOT. 
0.25 

(± 0.63) 
0.49 

(± 1.12) 
0.020 

(± 0.70) 
0.15  

(± 0.48) 

5.47 
± 7.1 

p. N.S. 
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The comparison between mothers BPA free levels and those 

of their babies does not highlight a statistically significant 

difference, but a little tendency among children with higher 

levels of BPA free appears. Differently, the urinary BPA-

conjugate levels of the mothers show statistically differences 

(p < 0.005), as illustrated in figure 19, if compared with those 

of their respective newborns. Finally, the analysis performed 

between the 15-f2t-Isop levels of the mothers and their 

newborns show a positive correlation between increased 

maternal stress levels and the corrispective higher levels of 

oxidative stress in their newborn (p < 0.005) (Figure 20). 
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Figure 19. In the left side of the bar-graph the comparison between  mothers  

and their babies BPA free level (ng/mg CREA) highlight only a tendency 
among newborns to have higher level; in the right  side the urinary BPA-

conjugate levels (ng/mg CREA) of the mothers if compared with those of 

their newborn statistically significant higher. 



75 

 

 

 

 

 

 

 

 

To conclude, further analysis were carried out in order to 

assess if other characteristics of the population considered are 

somehow able to influence the bisphenols metabolization. 

The analysis showed an increase of 25% in the metabolic 

efficiency in BPA conjugation, and therefore detoxification, 

in the group of non-Caucasian (Asian, African and Afro-

American) mothers, although due to the low numerosity of 

this group (5%) no statistical significance emerged. 

 

 

 

 

 

Figure 20. Correlation between 15 F2t -Isop (ng/mg CREA) 

mothers and babies levels.  

 

 

15 F2t - 



76 

 

10. DISCUSSION AND CONCLUSION STUDY – LINE 2 

 

One of the main objectives of this Ph.D. project was to 

evaluate possible changes of oxidative stress during or in the 

immediately post-partum. For this reason, a population of 

172 neo-mothers hospitalized at the neonatology department 

of the gynecological hospital S. Anna (Torino) were enrolled 

in order to investigate their status health, eating habits, life-

style, eventual passive and/or active exposure to tobacco 

smoke related to oxidative stress and inflammatory status. 

Besides, the second aim of the project was to investigate the 

possible exposition to some endocrine disruptors (BPA and 

BPS), during pregnancy and the possible relationship with the 

oxidative stress trend both in mothers and in their babies. To 

best achieve these goals, the mothers sample was also related 

to a control sample consisting of 50 young women healthy 

and not closed to pregnancy almost to 2 years. A further 

objective was to evaluate the level of BPA and BPS in 

relation to diet, different lifestyles, and exposure to tobacco 

smoke, especially in conjunction with a so delicate period of 

life such as pregnancy. 

The sample enrolled was proved to be homogenous for all the 

anthropometric and life-style characteristics analyzed. 

Among the 172 mothers, 97 were considered healthy while 

75 had diseases such as asthma, allergies or autoimmune 

pathologies; among these 75 pathological mothers, 60 

presented pregnancy diseases potentially at higher risk and 

influenced by an elevated exposure to endocrine disruptors: 

gestational diabetes, hypertension and hypothyroidism. 

Statistical analysis showed that women who started 

pregnancy in condition of overweight or even obesity, 

especially those with a lower educational level, are more 
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likely to develop diseases potentially dangerous for 

themselves and their fetus, such as diabetes or hypertension. 

This result leads to the hypothesis that overweight or obesity 

as a pathological condition preceding pregnancy, together 

with a lower educational level, seems to predispose to a 

situation of greater risk, especially because they do not 

effectively apply or more often underestimate the importance 

of the suggested the preventive strategies concerning the 

restraint and/or decrease of the body weight. The oxidative 

stress and inflammatory levels were measured respectively 

through urinary quantification of 15-F2t-Isop, IL-1β and IL-

6.  The general oxidative stress trend in the mothers group 

had significantly lower values, compared to the control 

population. However, the oxidative stress levels were higher 

in the pathological mothers group than those considered 

healthy. As a possible explanation, numerous longitudinal 

studies in normal human pregnancy show that oxidative stress 

levels, measured by urinary F-2-isoprostanes increase 

progressively throughout pregnancy. In particular, they found 

a significant increasing in oxidative stress from week 9 until 

week 40 while, thereafter, a significant decrease to basal 

levels at post-partum weeks 9, followed by a further increase 

at post-partum weeks 10 onwards, was observed (124,186).  

We can suggest that free radical-mediated lipid peroxidation 

in mild form might have a protective role in human right 

term-labor and delivery. Unlike the level of oxidative stress, 

the inflammation degree assessed through the urinary 

quantification of IL-1β and IL-6, is significantly higher in neo 

mothers if compared with the control population. In this 

purpose, interleukins, and in this case IL-1β and IL-6, are key 

molecules for triggering and promoting the cascade reaction 

of inflammation and mediators of other inflammatory cells, 
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but at the same time they also play a role in triggering term 

labor and so in encouraging contractions which then lead to 

the expulsion of the fetus (187). Therefore, as a possible 

explanation of the results obtained, the 172 mothers if 

compared with the control group showed physiologically and 

significantly higher inflammatory levels as indication of a 

recent birth and not of inflammation status due to a 

pathological conditions and/or a higher exposition to 

environmental pollutant. 

Regarding the exposure to endocrine disruptors, the urinary 

quantification of BPA and BPS in their free (active) and 

conjugated (inactive) forms as well as the answers given to 

the questionnaire investigating the life-style habits, did not 

put in evidence significant differences. The exposure is 

homogeneous among the mothers who have been 

hospitalized for around 3 days. The hospitalization, and so the 

impossibility of mothers to keep their personal and usual life 

habits, as well as food, make-up and environmental 

exposition, together with the short half-life (about 6h) of the 

considered analytes, allowed to "photograph" only the 

exposure of the last hours before sampling. That condition 

most likely does not coincide with their usual exposure 

because the hospitalization interrupted and changed for some 

days the usual life-habits and, probably also the exposure to 

bisphenols. On the contrary, in the control group a typically 

situation closer to a common lifestyle was recorded, even if 

related to the last pre-sampling hours. The exposure appears 

a little higher although characterized by an efficient hepatic 

clearance since the levels of bisphenol (especially BPA) 

conjugated and then metabolized exceeds the share of the free 

and still active. GLM results highlight important relationships 

between oxidative stress levels and the most relevant 



79 

 

independent variables considered in this project. This type of 

model allows to analyze these relationships in their complex, 

evaluating all their contributions. In fact, GLM shows an 

inversely proportional relationship between oxidative stress 

levels and efficiency of metabolize and excrete BPA. This 

suggests that at higher levels of oxidative status corresponds 

a decreased capacity of hepatic clearance. Furthermore, GLM 

highlighted directly proportional relationships between 

higher isoprostane values and the presence of a pathological 

state and/or the active or passive exposure to tobacco smoke 

during pregnancy. This confirms how tobacco smoke and a 

pathological condition, although controlled by 

pharmacological therapies, are highly predisposing factors to 

an increase in the oxidative status of the subjects. Finally, a 

trend between isoprostane levels and the scholarization level 

was seen, as already confirmed by preliminary univariate 

analyzes, although GLM has not shown significant 

correlation. This suggests that a lower educational level 

seems to predispose to incorrect lifestyles and therefore to a 

possible redox balance alteration. In this study, newborns 

proved not to be mostly and significantly exposed to free 

BPA if compared to their mothers although the maternal 

uterus, but especially the placenta, constitute a predisposing 

environment to greater exposure given the passage, although 

partially, through the umbilical cord (173). This 

predisposition is also favored by the high and active presence 

of the placental glucuronidase enzyme which determines the 

continuous transition of BPA between its free (active) form, 

and the conjugated one (174). The result obtained on this 

newborns sample analyzed, can be explained considering the 

environmental exposure to which fetus were subjected, 

definitely lower than the values reported in literature and does 
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not allow to highlight statistically significant differences. 

However, the difference between the urinary BPA-conjugate 

levels in mother compared to their babies is significant. In 

fact, newborns, given their still underdeveloped enzymatic 

system, are not able to metabolize toxic substances with the 

same speed and efficiency of adults (175). To strengthen this 

data, the oxidative stress levels in newborns, also assessed 

through the urinary quantification of 15-F2t Isop, are 

significantly higher than those of mothers, as confirmed by 

several authors, and physiologically tent to decrease in the 

following months (132). This result suggests and strengthens 

the concept of a protective strategy for breastfeeding infants: 

in fact, breast milk is very rich in antioxidants molecules that 

help newborns to fight and to dispose toxic substances 

accumulated during the intrauterine growth period (134). 

Moreover, a greater BPA metabolic efficiency has been 

highlighted in non-Caucasian mothers (188). Despite this, 

due to the low numerosity of these women compared to the 

total population enrolled, there were no highlighted 

statistically significant differences. 

Finally, I must remember that BPS levels were also measured 

in all the sampled subjects, but it was not possible to carry out 

a subsequent data analysis since the values obtained proved 

to be too close to the limit of detectability and therefore 

potentially misleading and negligible. Currently, we are 

proceeding with the quantification of BPA/BPS levels in 

breast milk. As previously and extensively described, the 

analytical method is definitely set up; in fact, we have 

reached a good level of sensitivity, accuracy and precision 

that, as for urine samples, will allow us to highlight even the 

lowest levels of exposure. However, the temporization is due 

to the need to improve the purification of the sample at the 
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time of its resuspension and loading in UPLC, in order to 

minimize the clogging of the chromatographic columns and 

thus facilitate the analysis of all 172 samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



82 

 

FINAL CONCLUSION 

The biomolecular epidemiology and the biological 

monitoring can provide new information both for the 

evaluation of individual and population risk. A completely 

new optic is the connection between environmental 

measurements of pollutants and the possible biological 

alterations of the human body, in order to study not only the 

exposition but also the mechanisms of adaptations. The final 

purpose is to reduce and prevent the risk besides the evidence 

of the biological damage.  

Thus, the evidence of this risky condition for individual and 

even more for public health, both for living and working 

conditions may represent a platform for designing new 

preventive strategies.  
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