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Introduction

Potential risks associated with the formation of aldehydes, such as acrolein, formaldehyde or acetaldehyde, during the consumption of e-vapor products (EVPs) are of current interest in the scientific and public health community. The presence of aldehydes in EVP
aerosol was mostly attributed to their formation from the e-liquid constituents propylene glycol (PG) and glycerol (G).
An e-liquid, containing stable isotope-labelled PG and G, and conventional non-filter cigarettes spiked with the same labelled compounds, serving as a positive control, were used to assess the formation of aldehydes in EVP aerosol as well as in mainstream smoke

of spiked cigarettes. Methods were also developed for related metabolites in urine (mercapturic acids, glutathione adducts) for a clinical study using these isotype-labeled products.

Mass selective detection allows the unequivocal discrimination between labelled and unlabeled compounds. Hence, analysis of the labelled aldehydes by means of LC-MS/MS revealed the amounts exclusively formed from PG and G during vaping/smoking and
their metabolism in the human body. Aerosol analysis comprised the simultaneous detection of 7 aldehyde derivatives after trapping with 2,4-dinitrophenylhydrazine (DNPH) solution. Urinary bioanalysis included the mercapturic acids formed from acrolein and
crotonaldehyde using previously developed assays, while metabolites of formaldehyde (thiazolidine-4-carboxylic acid (TCA)) and acetaldehyde (methyl-thiazolidine-4-carboxylic acid (MTCA)) were investigated by means of a newly developed and validated LC-

MS/MS method.

Determination of carbonyls in aerosol using LC-MS/MS
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Newly developed and validated LC-MS/MS method for the biomarkers of formaldehyde (TCA) and acetaldehyde (MTCA)
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As yet, no biomarkers for the smoking-related exposure to formaldehyde Sample preparation
and acetaldehyde are available. The reaction products of formaldehyde = Urine samples spiked with internal standard (13C,-15N-TCA, 13C,-15N-MTCA)
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Figure 3: Biotransformation of formaldehyde and acetaldehyde to TCA (thiazolidine-4-carboxylic acid) and MTCA (methyl-thiazolidine-4-carboxylic acid). (Adapted from [2])
Adaption of an existing LC-MS/MS method to the analysis of 13C,-labelled mercapturic acids (3-HPMA, 2-HPMA, DHPMA, HMPMA, HEMA)

Acrolein and glycidol as well as crotonaldehyde are of particular

Sample preparation (MA Method 1) Sample preparation (MA Method 2)
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interest due to their possible pyrolytic formation from G and PG = Urine sample spiked with internal standard 15N, 13C,-3-HPMA, DHBMA-d,) 13” . = Urine sample spiked with internal standard
according to Figure 5. The aforementioned toxicants are detoxified = Evaporation to dryness H C\13 //C|~1-|3 (HEMA-d,, HMPMA-d,)

mainly by formation and urinary excretion of mercapturic acids (MAs). = Reconstitution of residue in methanol CH CH3 = Acidic hydrolysis

With the precursors in Figures 5 and 7, the following MAs are to be = Samples buffered (pH = 2.5)

Figure 7: Structure of 13C-labelled crotonaldehyde.

expected: Analytical method (MA Method 1)

Acrolein: N-Acetyl-S-(3-hydroxy-13C,-propyl)cysteine (13C;-3-HPMA);

LC-MS/MS: Sciex 6500*Qtrap (MS); Shimadzu Nexera X2 (UHPLC) Analytical method (MA Method 2)

Glycidol: N-Acetyl-5-(2,3-hydroxy-13C,-propyl)cysteine (**C,-DHPMA);
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Figure 5: Selected thermal degradation products of G according to [3]. The corresponding MAs are Time [min] The methods have been developed and are suitable to differentiate between labelled and unlabeled

given in brackets. Figure 6: Chromatografic seperation of 13C,-3-HPMA (1) and 13C;-DHPMA (2).

aldehydes and therefore allowed for the analysis of aldehydes specifically formed due to the
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degradation of PG / G under vaping and smoking conditions as well as the excretion of the

respective metabolites in urine.



