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LC-MS/MS Method in Nicotine Metabolites Quantification
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Abstract. Nicotine is a ganglioplegic alkaloid, being the main component of tobacco. Some of the final
metabolites of nicotine could be used to evaluate the nicotine dependency in humans using the
Fagerstréom test. The test consists in cotinine quantitative determination, and evaluation of the
correlation between cotinine from plasma and from urine. Cotinine quantification was performed using
LC-MS/MS method both for blood and urine, in a private authorized laboratory for medical tests. Our
study was conducted in two stages (1% year of study - initial assessment; and 6™ year of study - final
assessment) and included 62 apparently healthy subjects (77% females and 23% males) with an average
age of 19+1.48 years at baseline, respectively 24+0.83 years at the final assessment. The prevalence of
smoking increased significantly from 14.51% to 32.25% (p=0.01) (11% F and 3% M initially,
respectively 25% F and 7% M final). The final assessment found that 21% became smokers after starting
their university studies, 11% were permanent smokers throughout the 6 year study, and only 3.22%
quit smoking. Percentage distribution on smoking addiction levels was at baseline: mild 11%, moderate
33%, severe 56%, and a final assessment: mild 15% (p=0.77), moderate 75% (p=0.01) and severe 10%
(p=0.007). The results show a significant increase in the number of smoker girls compared to boys, a
significant increase in the prevalence of moderately dependent smokers and a significant decrease in
the prevalence of severely dependent smokers. LC-MS/MS can be used very well to evaluate the cotinine
content in blood and urine, which could be used in Fagerstrom test in order to evaluate the nicotine
addiction in young people and to find priority solutions for smoking prevention and quit smoking.
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1.Introduction

Nicotine is a ganglioplegic alkaloid, found in plants, having in its chemical structure a pyridine ring
linked to a pyrrolidine ring. It is the main component of tobacco (different species of Nicotiana, of the
Solanaceae family, of which the most important are Nicotiana tabacum and Nicotiana rustica, both
cultivated), but it can be found also in other plants (some Lycopodium species), but always in small
quantities — according to data presented by Domino and his collaborators, cited by Karaconji [1].

In humans, the nicotine acts as an addictive central nervous system stimulant, which in high doses
produces ganglionic blockage and in low doses produces ganglionic stimulation. In low concentrations
(about 1 mg of absorbed nicotine), nicotine acts as a stimulant in mammals and is the main factor
responsible for addiction. Volkow in 2011 found that nicotine inhibits enzyme-chromatin (class I and 11
histone deacetylase), which increases the ability of cocaine to cause addiction [2].
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Over the years, nicotine content in cigarettes has slowly increased for all major categories of cigarette
[3].

Nicotine absorption is depending on the pH, which influence the speed, quantity, and also the
chemical derivate of nicotine, but the buccal absorption is not significant. Once that nicotine is absorbed,
it reaches the bloodstream, and at pH 7.4 about 69% becomes ionized, and 31% un-ionized, while less
than 5% becomes binds to plasma proteins. The metabolic pathway of nicotine starts in liver with the
nicotine transformation under the action of main specific enzymes: UDP-glucoronosyl-transferase
(UGT), CYP2A6, and flavin-containing-mono-oxygenase (FMO), which leads to many final
metabolites. But the main important final metabolite of nicotine metabolism is cotinine. The metabolic
process happened in two steps: the first one produces nicotine-A! ”-iminium ion — which is catalyzed
by an aldehyde oxidase enzyme in the cytoplasmic environment. Another important chemical compound
formed in the metabolic pathway of nicotine is catalyzed by flavin-containing-monooxygenase with the
formation of nicotine N’-oxide — which is very important because the trans-isomer can be detected in
urine smokers. In humans, from the total intake of nicotine only about 70-80% is metabolized via
cotinine pathway, and from this quantity only about 10 to 15% appears as cotinine in urine. To evaluate
the nicotine absorption in patients there is used the rate of nicotine and cotinine metabolism. Thus, it is
important to mention that the nicotine total clearance in about 1200ml/min, while the cotinine clearance
is about 45 ml/min — being much slower than the nicotine clearance [4, 5].

LC-MS/MS method could be a very useful test to evaluate the concentration of some nicotine
metabolites, like cotinine — which can be used in evaluation the nicotine addiction and also to evaluate
the CYP2AG6 role in nicotine metabolism pathways and the oxidative stress due to the smoking habits
[6, 71.

Nicotine, irrespective of the route of administration, penetrates the body through diffusion, inhaled
smoke reaches the lungs, and all constituents are absorbed. 80% of nicotine is destroyed at the liver and
the remaining 20% is fixed to nicotinic receptors through which it exerts its multiple effects [3].

The Fagerstrom test is used to measure nicotine dependence; the test has the advantage of showing
an exact correlation between test responses and plasma and urinary nicotine [8].

Generally, there are three types of nicotine addiction, namely, behavioral and social addiction
(occasionally in certain moments of workday: the so-called "cigarette to coffee™), psychological
dependence (the smoker is unconsciously tempted to start a new cigarette to retrieve memory of pleasure
sensations), and physical dependence that begins only after a few years (chronic smokers smoke to avoid
feelings of nervousness, irritability, concentration disturbance) [9].

A percentage of 20% of smokers want to quit, but they can't do it easily; specific anti-Tabac
treatments can give results to some people, while some not. No drug can suppress the craving to smoke,
but there are nicotinic substitutes that help eliminate smoking during the initial withdrawal phase [10].

2. Material and method

The study was performed on 62 healthy subjects, of which 77% (n=48) were females and 23% (n=14)
male, with an average of 19+1.48 years at baseline, respectively 24+0.83 years in the final assessment.

Subjects were selected based on the voluntary Fagerstrom test completion through was assess the
degree of nicotine addiction in smokers, using the LC-MS/MS method to analyzed the concentration of
cotinine in blood serum and urine from an authorized laboratory for medical [4, 8]. The HPLC and mass
spectrometry (LC-MS/MS) method is used for quantitative analysis of nicotine, cotinine and also
nitrosamine ketone.

The study was conducted in two stages: 1st year of study- initial assessment; 6™ year of study- final
assessment.

The questionnaire was validated by the Ethics Committee of the Victor Babes University of Medicine
and Pharmacy Timisoara. Each subject signed an informed consent form through which it received data
on the objectives of the study, the methods used, the benefits and risks of the study and the confidentiality
of the results.
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We measured the quantitative level of cotinine in the blood and urine. Cotinine is one of the main
metabolites of nicotine, but it is used in evaluation of nicotine dependency. Exposure to tobacco smoke
in the environment can be estimated based on the levels of cotinine in the blood or urine. Cotinine levels
correlate very well with the value of exposure to tobacco smoke, including passive smoking.

The measured data were statistically processed using IBM SPSS Statistics v.20 software. The central
trends of the variables obtained from n subjects were expressed as mean and the dispersion as standard
deviation. When comparing the means from two groups, the t-Student test or Mann-Whitney U test was
used, when appropriate. For all the applied tests, we considered a result statistically significant when p
value<0.05.

3. Results and discussions

The prevalence of smoking increased significantly from 14.51% (n=9) to 32.25% (n=20) (p=0.01).
In the initial evaluation, 11% (n=7) of smokers were feminine gender subjects and 3% (n=2) were
masculine gender (p=0.01). In the final evaluation, 25% (n=16) of smokers were feminine gender
subjects and 7% (n=4) (p<0.001) were masculine gender (Figure 1).
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Figure 1. Comparative gender distribution of smoking
Prevalence in initial and final assessment

In Romania, the prevalence of smoking is 28% for people over 15 years old, close to the European
average (26%). The percentage of young smokers (aged 15-24) increased from 25% in 2014 to 29% in
2017 [11].

A study carried out in Romania on medical students in the first and third year of study at the Victor
Babes University of Medicine, and Pharmacy Timisoara showed an increasing tendency of smoking
prevalence among them, with a trend to gender equality in the third year of study [12].

In Romania, among men, the smoking prevalence is 38%, and among women 19% [13].

Compared to the total number of subjects included in the final evaluation, 21% (n=13) became smokers
after starting studies, 11% (n=7) were permanent smokers throughout the six years of study, and only
3.22% (n=2) quit smoking (Figure 2).
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From the category of smokers that became smokers after starting studies, 85% (n=11) were girls and
15% were boys (n=2) (p<0.001). From the category of subjects who were permanent smokers, over the
6 years of study, 71% (n=5) were girls and 29% (n=2) were boys (p=0.04) (Figure 3). We mention that
in the smoking cessation category, all were feminine gender subjects.
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Figure 3. The prevalence of smoking categories by gender, at the final assessment

Relative to the total number of feminine gender subjects (n=48), 32% (n=16) became smokers, 10%
(n=5) continued to smoke during the 6-year study and 3% (n=2) quit smoking (Figure 4). Thus,
compared to the initial situation in which 14.58% (n=7) of the girls were smokers, at the end of the
medical studies the percentage of smokers increased statistically significantly to 32% (n=16) (p=0.01)
(Figure 5).
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Figure 4. Distribution of feminine gender subjects by
smoker status at the final assessment
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Figure 5. Evolution of smoking prevalence in
feminine gender subjects
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Relative to the total number of masculine gender subjects (n=14), 14% (n=2) became smokers, and
a similar percentage of 14% (n=2) were permanent smokers throughout the six years of study (Figure
6). In comparison to the initial assessment, where 14% (n=2) of the boys were smokers, the percentage
of smokers increased insignificantly to 21% (n=3) (p=0.62) (Figure 6).
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Figure 6. Distribution of male subjects by smoker
status at the final assessment
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Figure 7. Evolution of smoking prevalence in male subjects

According to the Global Adult Tobacco Survey conducted in Romania (GATS 2011), the current
prevalence of smoking is 26.7% (4.85 million inhabitants). Prevalence is higher among males than
among women: 37.4% versus 16.7%; 24.3% smoke daily: 34.9% of men and 14.5% of women, and 2.4%
are occasional smokers: 2.5% of men and 2.2% of women [14, 15].

Among men, the lowest prevalence is reported by those with higher education (36.4%), while among
women the prevalence was higher among those with secondary or higher education (19.6% and 20%)
and minimal among women with elementary studies (14.7%) [14, 15].

The European School Survey on Alcohol and Other Drugs (ESPAD - 2015) shows that half (51.7%)
of 16-year-old pupils in Romania smoked at least once a year, about one-third (30.1%) smoked in the
last month and one from five smoked daily (19.8%). Adult tobacco use has decreased since 2003 from
64%, to 54% in 2007 and 52% in 2011, with maintaining the same value in 2015 (51.7%). In 2015, was
observed higher prevalence rates of tobacco use among boys up to the age of 16 compared with girls
(52.8% vs. 50.5%), above the European average: 47.3% for boys and 43.9% for girls [16].

Daily smoking among boys in Romania has a prevalence of 21.3%, and among girls 18.3%, being
for both genders also above the European averages: 13.4% for boys and 11.5% for girls. The study also
found that about 23% of adolescents smoked the first cigarette before they reached the age of 14 [15,
16].

In terms of smoking addiction (Table 1), it was at the initial assessment of 6+2.50 points, significantly
higher (p=0.002) compared to the final value of 4+1.55 points. Prevalence on smoking addiction levels

Rev. Chim., 71 (9), 2020, 277-284 281 https://doi.org/10.37358/RC.20.9.8338


https://revistadechimie.ro/
https://doi.org/10.37358/Rev

Revista de Chimie @ @

https://revistadechimie.ro
https://doi.org/10.37358/Rev.Chim.1949

was at baseline: mild 11% (n=1), moderate 33% (n=3) and severe 56% (n=5), and in the final assessment:
mild 15% (n=3) (p=0.77), moderate 75% (n=15) (p=0.01) and severe 10% (n=2) (p=0.007) (Figure 8).

Table 1. Criteria for interpretation
of the Fagerstrom score

Degree of dependency Number points
Reduced 0-2
Moderate 3-5
Severe 6-10
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Figure 8. Distribution of severity of nicotine dependence,
at the initial and final assessment

Concerning smoking cessation, 35.5% of current and ex-smokers have attempted to give up over the
last 12 months [11].

Since the mortality rate was found to be 70% higher in smokers than in non-smokers, especially in
younger age [17], the primary smoking-related diseases being the occurrence of bronchopulmonary
cancer, obstructive pulmonary disease, coronary heart disease [18, 19], colorectal cancer. The presence
of all these risk factors requires periodical participation in screening programs [20].

Nicotine has effects on the nervous system, causing addiction and disturbance of attention, memory,
behavior [21], a series of strategies have been initiated in Romania to reduce tobacco consumption to a
minimum, i.e., 5% of the adult population [11].

For Romania to reduce tobacco consumption with 30% by 2025 compared to 2010, the current (daily
and occasional) smoking prevalence must reach 21.8% in 2025, and daily smoking - to 18.4% of the
population over 15 [11].

4. Conclusions

The LC-MS/MS is a useful method that can be used to evaluate the concentration of cotinine from
blood serum and urine. The rate of quantified cotinine from plasma and urine allows to evaluate the
smoking addiction in the experimental population.

Our experimental results show a significant increase in the number of girls who became smokers
compared to boys who have not significantly altered their smoking status; a significant increase in the
prevalence of moderately dependent smokers; and a significant decrease in the incidence of severely
addicted smokers.

Exposure to cigarette smoke is harmful to people of all ages, but children and adolescents are a
particularly vulnerable group to both short-term and long-term effects. Moreover, childhood and
adolescence are periods of increased risk for smoking.
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Because nicotine addiction is rapidly becoming available to young people, specialists should action
with priority in smoking prevention and take position during informative meetings.
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