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Abstract

Sebum is a biofluid excreted by sebaceous glands in the skin. In recent years sebum has been shown
to contain endogenous metabolites diagnostic of disease, with remarkable results for Parkinson’s
Disease. Given that sebum sampling is facile and non-invasive, its potential for use in clinical
biochemistry diagnostic assays should be explored including the parameters for standard operating
procedures around collection, transport, and storage. To this aim we have here investigated the
reproducibility of mass spectrometry data from sebum in relation to both storage temperature and
length of storage. Sebum samples were collected from volunteers and stored for up to four weeks at
a range of temperatures: ambient (circa 17 °C), -20 °C and -80 °C. Established extraction protocols
were employed and the samples were analysed by two chromatographic mass spectrometry

techniques and data investigated using PCA, PLS-DA and ANOVA.

We cannot discriminate samples as a function of storage temperature or time stored in unsupervised
analysis using data acquired via TD-GC-MS and LC-IM-MS, although the sampling of volatiles was
susceptible to batch effects. This study indicates that the requirements for storage and transport of
sebum samples that may be used in clinical assays are far less stringent than for liquid samples and

indicate that sebum is suitable for remote and at home sampling prior to analysis.
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Submission Summary

Sebum is a biofluid containing both endogenous and exogenous compounds that can be readily
obtained via skin swabs. In this study, sebum samples were collected and stored under different
conditions prior to analysis by hyphenated mass spectrometry. For LC and GC-MS data the
temperature of storage does not discriminate samples using unsupervised analysis, and
discrimination can only be achieved by overfitting supervised analysis. As a function of storage time,
those analysed by TD-GC-MS exhibit expected batch effects and LC-MS data has a small proportion
of altered features. Sebum is proposed suitable for at-home/remote from lab sampling and ambient
transport and storage.
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Background

Biofluids are used in healthcare settings to diagnose disease, delineate progression and monitor
response to treatment. In earlier times, observable changes in the appearance and odour of biofluids
were the primary diagnostic approach for physicians.>*> Nowadays, modern medicine has strict and
established operating procedures. Blood, a widely used diagnostic biofluid has rigorous standardised
protocols for collection, separation into the two major forms: serum and plasma, and for subsequent
storage prior to analysis.* Blood products are recommended to be stored at -80 °C or in cryogenic
vaults, where prior aliquoting must be performed to limit any freeze thaw cycles on taking samples
out for analysis. Biobanks or local clinical resources used for such storage have high associated energy
costs of maintaining the low temperatures to preserve the samples integrity.® These high running costs
curtail the availability of biobanks to low and middle income (LIMIC) countries, which in turn results
in fewer discovery and validation biomarker studies from cohorts from lower economically developed
countries.® Successful biofluid sampling that does not require cold storage has been developed for
some clinical diagnostic methods. In several cases these are used for population wide screening, for
example the infant heel prick assay for metabolic disorders where blood is sampled directly onto card,
and the subsequent dried blood spots can then be screened by mass spectrometry.” Another example
is at home faecal sampling for bowel cancer which is applied in the UK to everyone aged 60 or over
and screens for blood in stools.® We have recently developed mass spectrometry-based metabolomic
methods to discover biomarkers from sebum and here we explore how this biofluid may be suited to

similar population wide screening.

Sebum is a waxy substance secreted by the sebaceous glands in the dermis and located all over the
body, with the exception of palms of hands and soles of feet.® It has many roles, including providing
an antimicrobial film, protecting against dehydration, thermoregulation, photoprotection and

10-12 The matrix of sebum contains many lipid classes:

transporting antioxidants to the skins surface.
glycerides (30-50%), free fatty acids (FFA, 15-30%), wax esters (WE, 26-30%), squalene (12-20%),
cholesterol esters (CE, 3-6%) and cholesterol (1.5-2.5%).1% The sebaceous gland is supplied with blood
and is connected to the lymphatic system. As such, excreted sebum will also contain endogenous
compounds, which given its composition are likely to be enriched in lipophilic components. Our
expression of sebum alters throughout our lifespan. Babies are born with excessive sebum often
observable on their scalp. Sebum production then reduces dramatically until adolescence, when it is
again elevated.’ After this, there are no significant changes as we age, except for a decrease in
secretion in women after menopause.®> Changes in sebum production and composition have primarily

been investigated to better understand skin conditions such as acne vulgaris and rosacea. Excessive

sebum production (seborrhoea) is a hallmark of Parkinson’s Disease (PD) and is used diagnostically by
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clinicians.'®!” Despite these well-known correlations between sebum production, aging and disease
progression, sebum has rarely been considered as a suitable biofluid to determine biomarkers of

human disease.

The increased production of sebum in people suffering from PD was first reported almost 100 years
ago.’® Recently we have shown that changes in the lipid composition of sebum *° as well as in the
abundance of volatile compounds are hallmarks of PD,?*?! which can be used diagnostically and
prognostically. The dysregulated pathways in lipid synthesis provides biomarkers that can stratify the
disease as well as improve the accuracy of diagnosis. Analysis of sebum also provides insights to
important metabolic processes in disease progression which is not just applicable to PD. We have
observed lipid dysregulation in people infected with SARS-CoV-2 using sebum samples, where COVID-
19 positive patients showed depressed lipid levels.?? These promising foundational studies show that
sebum can be used both to provide a better understanding of disease mechanisms and identify

diagnostic targets.

One of the most attractive features of sebum as a potential diagnostic biofluid is that the sampling is
non-invasive. This said, compared with blood, urine and saliva, sampling and storage conditions
suitable for sebum prior to a clinical biochemistry analysis - for example by Mass Spectrometry - have
not yet been thoroughly investigated. In terms of collection material, sebum can be sampled onto

19-21 .glass beads 2* and sebutapeTM,?* and compared to the

different surfaces including gauze,
ubiquitous test tubes used for blood, urine and saliva, such collection systems lack standardisation,

and different materials display different background signatures.?

Sebum sampling has potential to be performed at home as well as in clinical environments, the former
presenting a lower cost option for population screening, as with the fecal and blood spot examples
provided above.”® In our previous studies, samples have been collected in clinic or self-collected at
home, placed in sealed Ziplok™ bags and transported to research facilities using domestic mail rather
than specialist courier. Once arriving in the research lab, samples have been placed in cold storage (-
80 °C) for up to 5 years prior to extraction and analysis. The time between sampling and this cold
storage is usually 2-5 days but has been longer in some cases. While, our data has shown distinct
biological effect, underlying shifts in metabolome or lipidome as a result of storage conditions remain
to be investigated. The fact that none of our studies to date have shown any bias between samples
collected and cold stored immediately versus those that spent more time in ambient conditions, as
well as no difference based on the amount of time in cold storage led us to investigate the effects of

storage on sample integrity.
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To date there has been no systematic study to explore whether degradation of sebum occurs over the
time spent on the sample media prior to cold storage. It is also unknown if storing samples under -
80°C conditions - as is commonplace for other biofluids - is appropriate or even necessary for sebum.
Volatile metabolites may require different treatment than more researched biofluids, and may escape
from samples in some environments. To counter this, it is a well observed anecdote that unwashed
baby clothes continue to smell of babies many years after they have been worn. This observation
suggests that sebum acts as a preservative for volatile components. To further the use of sebum as a
diagnostic biofluid, it is desirable to determine the criteria for collection media, transportation and
storage prior to analysis that will ensure the integrity of the sample. Our experience to date indicates
that sebum requires less extreme storage and no pre-treatment prior to analysis compared with more

commonly sampled biofluids.

To provide evidence for the above hypothesis, we examined sebum sampled cotton swabs and gauze
samples stored at different temperatures over defined time points to better understand possible
degradation patterns to direct future sebum storage condition standardisation. We analysed volatile
compounds by headspace sampling in combination with Thermal Desorption-Gas Chromatography-
Mass Spectrometry (TD-GC-MS) and less volatile components following solvent extraction with Liquid

Chromatography-lon Mobility-Mass Spectrometry (LC-IM-MS).

Methods
Participants and Samples

Sebum samples were taken from the upper back of participants (n=8, Table 1) following established
methods which we describe here briefly.?*2! Individuals were asked not to shower for at least 24 hours
prior to collection. Gauze and cotton swabs were rubbed across distinct areas of the skin on the upper
back to collect sebum (Figure 1A). Samples were collected at home from individuals who each
provided 14 samples, using gauze (n=7) and cotton swabs (n=7) taken by themselves or another
individual. Sampled gauze swabs were sealed in individual Ziplok™ bags immediately after collection
whilst cotton swabs were stored in their original individual plastic tube holder. The gauze and cotton
swab samples were taken on different days to ensure there was sufficient sebum on skin. Once all
samples were collected, they were transported to our research labs and placed in a box, meaning
collected samples were at ambient temperatures for up to 48 hours prior to the start of the
experimental period. Additionally, ethnicity was recorded for each participant which included;
Bangladeshi (n=4), Caucasian (n=3) and Afro Caribbean and Caucasian (n=1). None of the participants

were smokers and did not consume alcohol 24 h prior to sampling.
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Table 1: Summary of participant information.

Metadata (n=8)

Gender (Female:Male) 1:1
Age (years) 33.6 + 14.5*
BMI 22.0+1.8*%

*data reported as mean * standard deviation

Experimental Design

Materials used are listed in the supplementary information (Sl 1). Gauze swabs were analysed directly
by TD-GC-MS and cotton swabs were solvent extracted and analysed by LC-IM-MS, sample
preparation and analytical methods are detailed in Sl 2. The experimental design is shown below in

Figure 1, with the storage conditions listed in

Table 2.

A: Sampling B: Storage C: Preparation for
A Analysis

2 4 [ |
3 .
] MT|W|T F|5|S

k > 6 7 /{ -80°C Freezer T
:D J —
" — -\

-20°C Freezer

H Shelf

Figure 1: Each participant was sampled in seven sites on the upper back using both gauze and cotton swabs (A).
All samples were transported to the lab and placed in different temperature storage environments namely a -
80 °C freezer, a -20 °C freezer and a shelf in the laboratory (B). Samples were processed following storage at
different time points: zero weeks (to), two weeks (tz) and four weeks (ta). The gauze was analysed by
headspace analysis, whereas the cotton swabs were extracted and batched for LC-IM-MS analysis (C).
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Table 2: Designation of samples to experimental conditions and analytical techniques.

Storage Temperature Time Point (weeks) Analytical Techniques
Ambient (c.17 °C) 0,2,4 LC-IM-MS, TD-GC-MS
-20°C 2,4 LC-IM-MS, TD-GC-MS

-80°C 2,4 LC-IM-MS, TD-GC-MS

A gauze swab and a cotton swab from each participant was analysed at each temperature and time
point to permit analysis with both MS method. For LC-IM-MS analysis of sebum on cotton swabs, the
samples were extracted at to, t; and ts. Dried extracts were stored at -80 "C until analysis and
subsequently all samples were reconstituted and analysed together. Dynamic headspace sampling to
capture and concentrate volatile compounds for TD-GC-MS analysis is performed directly from the
gauze swab, so these samples were analysed at each time point in three batches (to, t2 and t4)

separated by two-week intervals.
Data Analysis

Data Pre-processing and feature filtering steps are detailed in SI 3. For the resultant features,
MetaboAnalyst?® was utilised for statistical analysis, where all data was log transformed and
autoscaled. The primary approaches used to analyse data were Principal Component Analysis (PCA)
and Partial Least Squares-Discriminant Analysis (PLS-DA). Significant features were found using
Analysis of Variance (ANOVA), with FDR and adjusted p-values < 0.05. The samples grouped by
participant, and investigation into the number of features and signal intensity across conditions are
located in SI 4 and 5, and Error! Reference source not found. Error! Reference source not found.

Error! Reference source not found..
Results

1. Investigation of Sebum Stability with Respect to Storage Temperature

Samples were first categorised by the temperature at which they were stored, defined as four
categories; fresh sebum samples which were not stored (to), ambient laboratory temperature (c. 17

°C), -20 °C and -80 °C. The length of time in storage was not considered here for any samples.
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Figure 2: PCA (A & C) and PLS-DA (B & D) scores plots of all samples separated according to storage
temperature for both TD-GC-MS (A & B) and LC-IM-MS (C & D) analyses. Initial samples are represented in
green, ambient samples in yellow, -20 °C samples in light blue and -80 °C samples in dark blue.

TD-GC-MS: Unsurprisingly, unsupervised PCA scores plot (Figure 2A) show no separation between the
groups. Supervised classification using PLS-DA was then performed (Figure 2B), which again did not
show clear separation between the four groups, however, some clustering can be noted of the
samples stored at ambient temperature against the combined to fresh sebum, -20 °C and -80 °C
samples. The PLS-DA could not be validated by cross validation or permutation testing (Figure Sl 4),
indicating the model was overfitted and the small amount of clustering for samples at ambient

temperature is an effect of this, rather than any real effect.

Of the 471 robust features in the TD-GC-MS data matrix 89% (417) were found not to be significant (p
>0.05) with relation to storage temperature by ANOVA. A histogram was plotted to investigate spread
of the significant features by chromatographic retention time (RT) (Figure SI 5) and no trend was

observed.

The 54 significant features (p < 0.05) were investigated and putatively identified as alkanes (n=11) and

fatty acids (n=7) the remaining features could not be identified. Of these, 25 showed consistent
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regulation across temperatures, 19 were downregulated from ambient to -20 °C and from -20 °C to -

80 °C and 6 upregulated.

LC-IM-MS: No clustering was seen for samples based on storage temperature, particularly in the
unsupervised PCA (Figure 2C). PLS-DA scores plot (Figure 2D) displays broad overlap between the four
groups, with some grouping of the ambient samples. The PLS-DA could not be validated - the low

accuracy, R? and Q? indicate that the PLS-DA is overfitted (Figure Sl 6).

Despite the inability to separate any sample set, 779 of the 4,399 total features (~18%) are significantly
different in expression (p-value < 0.05). This distribution of non-significant vs. significant features was
investigated in terms of both RT (Figure 3A) and m/z (Figure 3B) to infer any chemical properties of

these analytes.
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Figure 3: Histograms showing the LC-IM-MS significant features (p < 0.05) as a function of storage
temperature. Figure 3A shows the features distribution with respect to retention time, and 3B with respect to
m/z values.

Approximately 80% of the significant features elute between 15 and 19 minutes and are found across
the m/z range 500-900 (Figure 3). Figure 3A demonstrates that for early retention times we note only
a very small proportion of significant features, this rises for later retention times (Figure 3A). Between
15-18 minutes of the LC gradient, the mobile phase composition (approximately 80% IPA:ACN:H,0)
favours elution of hydrophobic lipid-like species. This suggests that lipid-like molecules are more likely

to vary as a function of temperature of storage than hydrophilic features that elute earlier.

Of the top 20 significant features, 14 were seen to increase at colder temperature, two decreased and
four showed no trend. A list of these features is reported in the Table Sl 1, 14 of the 20 are in the RT

range 15-19 minutes, which incidentally are the 14 that increase at -80 °C.
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2. Investigation of Sebum Stability with Respect to Storage Time

Next, samples were grouped according to storage time: initial (to), two weeks (t2) and four weeks (ta),

irrespective of storage temperature. It should be noted, the PLS-DA scores plots in the following

section were inputted with class order ranked (maximum variance was calculated with the time points
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Figure 4: PCA (A & C) and PLS-DA (B & D) scores plots of the samples separated according to time post sampling
for both TD-GC-MS (A & B) and LC-IM-MS (C & D) analyses. Initial values (to) are represented in red, tz in orange
and tqin purple.

TD-GC-MS: As the samples were ran in three separate batches at the three time points, they are subsequently
referred to as batches for the GC data. PCA (

Figure 4A) and PLS-DA (

Figure 4B) scores plots were generated to examine any measured differences in the TD-GC-MS data

based on length of time in storage. The PCA displayed slight clustering with overlap between batches

and the PLS-DA indicated the batches almost completely separated, this model could be validated

(Figure SI 7). Of the 471 features in the data matrix, 175 were found to be significant (p < 0.05) by

ANOVA The significant features when comparing time points were investigated further and the top

20 are reported in Error! Reference source not found.. Of the significant features, 36 were found to
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increase over the four-week period at each storage time interval, 89 decrease, and 50 show no
consistent pattern. Putative identifications were assigned to the features, among which 35 were

identified as FAMEs and 37 as alkanes.

LC-IM-MS: PCA (
Figure 4C) and PLS-DA (
Figure 4D) were executed with samples separated by time point and the resultant scores plots are
displayed. The PCA plot presents no separation between groups. In PLS-DA, intra-group variation was
found to be the least within to samples and the highest in ts samples, again there was no separation
between time points, the validation and permutation of the PLS-DA is displayed in Figure SI 8 which

indicate the model is overfitted.

ANOVA found only 177 features to be significant when p < 0.05 which is just 4% of the total features
and an increased p-value threshold at 0.1 still only accounts for 5% of features. 50% of the significant
features (p <0.05) are detected in the m/z 800-1000 range, a small fraction of the total number of
features in this mass range. Significant features (p <0.05) were investigated, the 20 with the lowest p-
values are listed in Error! Reference source not found.. Of the 177 features, 26 were seen to increase
over the four-week period, 14 decreased and 137 showed no consistent pattern over the three time

points.

For TD-GC-MS, the samples were analysed in batches separated by two weeks, unlike the LC-IM-MS
samples which were extracted at intervals, stored as dry pellets and then randomised, reconstituted
and analysed together. Due to this we investigated instrument stability over the three batches. The
sample and SST data were deconvoluted in separate analyses and a PLS-DA was executed to compare
SST to sample data shown in Figure SI 9. The samples and the SST injections both separate by batch,
which suggests that any differences we see in the TD-GC-MS data over the four weeks is due to

instrument shift and batch variation rather than composition of volatile signature.
Conclusions

The data above indicates that we cannot distinguish samples on the basis of the temperature under
which they have been stored from a mass spectral profile. For gauze, we note that most of the features
are not affected by storage temperature, and there is no trend to class of significant features which

indicates it is not due to bioprocesses.

When we compare LC-MS data with regards to storage temperature here to that found in experiments
that are discriminating between a disease and control group®® 38% of the features found in that

analysis were significant with p < 0.05, compared to only 18% here. The few distinguishing features

11
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here are mostly highly similar chemical class (retention time), in contrast to the LC-IM-MS Parkinson’s
Disease diagnostic work where we see significant features do not cluster with RT (on a slightly altered
LC gradient between 20% and 29% of the significant features are found in each quarter of the LC run).®
This shows that in our use of sebum as a diagnostic biofluid we do not see the same patterns in
significant features as we do here with respect to storage temperature and thus indicates that storage

temperature would not affect the diagnostic capabilities of sebum.

For storage time, in LC-IM-MS analysis there is less discrimination based on length of storage and a
much smaller proportion of features found to be significant than for the TD-GC-MS analysis. As we
know the large variation in TD-GC-MS data is due to batch-to-batch variation, it is expected this would
not be seen in LC data where samples were ran continuously over two days. The very small proportion
of features found to be significant, with no commonality between classes or regulation, and the lack

of any separation in scores plots indicates that over time, extracted sebum shows good stability.

For TD-GC-MS data, any variation over the four-week period is attributed to instrument drift. This
underlines the importance of continuous analysis in metabolomics experiments, as well as the use of

robust SSTs.

We conclude that the temperature at which a sample is stored and the time that the sample is stored
for, will not significantly alter results when using sebum as a diagnostic biofluid. This indicates it has
potential use for sampling remote from analysis, for example at home, with the samples then posted

to the test laboratory.
Data

Raw data sets generated during the current study are available from MetabolLights Repository: Study

Identifier MTBLS7946.
Acknowledgements

We thank Michael J Fox foundation (12921) and Parkinson’s UK (K-1504) for funding the study. This
work was supported by a BBSRC DRP grant which funded the PhD project of CWD (BB/R505869/1) and
acknowledge the support of EPSRC through the strategic equipment award EP/T019328/1 for
instrumentation used in this work. We thank the participants who took part in this study and the Mass

Spectrometry and Separations Facility of the Faculty of Science and Engineering.

Ethics

12

https://doi.org/10.26434/chemrxiv-2023-wxv2b ORCID: https://orcid.org/0000-0002-7720-586X Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2023-wxv2b
https://orcid.org/0000-0002-7720-586X
https://creativecommons.org/licenses/by-nc-nd/4.0/

Ethical approval for this project (IRAS project ID 191917) was from the NHS Research Authority (REC
references: 15/SW/0354

Bibliography

(1) Armstrong, J. A. Urinalysis in Western Culture: A Brief History. Kidney Int. 2007, 71 (5), 384—
387.

(2) Goldiner, S. Medicine in the Middle Ages. In Heilbrunn Timeline of Art History.
https://www.bl.uk/the-middle-ages/articles/medicine-diagnosis-and-treatment-in-the-middle-ages

(accessed 2022-02-16).

(3) Monica Cheesbrough. WHO Guidelines on Drawing Blood : Best Practices in Phlebotomy.
World Heal. Organ. 2010, 1-105.

(4) Tuck, M. K.; Chan, D. W.; Chia, D.; Godwin, A. K.; Grizzle, W. E.; Krueger, K. E.; Rom, W.; Sanda,
M.; Sorbara, L.; Stass, S. et al. Standard Operating Procedures for Serum and Plasma Collection: Early
Detection Research Network Consensus Statement Standard Operating Procedure Integration

Working Group. J. Proteome Res. 2009, 8 (1), 113-117.

(5) Coppola, L.; Cianflone, A.; Grimaldi, A. M.; Incoronato, M.; Bevilacqua, P.; Messina, F.;
Baselice, S.; Soricelli, A.; Mirabelli, P. & Salvatore, M. Biobanking in Health Care: Evolution and Future

Directions. J Trans!/ Med 2019, 17, 172.

(6) Sgaier, S. K.; Jha, P.; Mony, P.; Kurpad, A.; Lakshmi, V.; Kumar, R. & Ganguly, N. K. Biobanks in
Developing Countries: Needs and Feasibility. Science (80-. ). 2007, 318 (5853), 1074-1075.

(7) Newborn blood spot test - NHS. https://www.nhs.uk/conditions/baby/newborn-
screening/blood-spot-test/ (accessed 2022-02-28).

(8) Bowel cancer screening - NHS. https://www.nhs.uk/conditions/bowel-cancer-screening/

(accessed 2022-02-28).

13

https://doi.org/10.26434/chemrxiv-2023-wxv2b ORCID: https://orcid.org/0000-0002-7720-586X Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2023-wxv2b
https://orcid.org/0000-0002-7720-586X
https://creativecommons.org/licenses/by-nc-nd/4.0/

(9) Smith, K. R. & Thiboutot, D. M. Thematic Review Series: Skin Lipids. Sebaceous Gland Lipids:
Friend or Foe? J. Lipid Res. 2008, 49 (2), 271-281.

(10) Lovaszi, M.; Szegedi, A.; Zouboulis, C. C. & Tor6csik, D. Sebaceous-Immunobiology Is

Orchestrated by Sebum Lipids. Dermatoendocrinol. 2017, 9 (1), e1375636.

(11) EL, P. Clinical Analysis of Sebum by Mass Spectrometry-A Brief Update. Clin. Microbiol. Open
Access 2014, 03 (01), 1-2.

(12) Michael-Jubeli, R.; Bleton, J. & Baillet-Guffroy, A. High-Temperature Gas Chromatography-
Mass Spectrometry for Skin Surface Lipids Profiling. J. Lipid Res. 2011, 52 (1), 143—-151.

(13) Picardo, M.; Ottaviani, M.; Camera, E. & Mastrofrancesco, A. Sebaceous Gland Lipids.
Dermatoendocrinol. 2009, 1 (2), 68-71.

(14) Agache, P.; Blanc, D.; Barrand, C. & Laurent, R. Sebum Levels during the First Year of Life. Br.
J. Dermatol. 1980, 103 (6), 643-650.

(15) Pochi, P. E.; Strauss, J. S. & Downing, D. T. Age-Related Changes in Sebaceous Gland Activity.
J. Invest. Dermatol. 1979, 73 (1), 108—-111.

(16) Ravn, A. H.; Thyssen, J. P. & Egeberg, A. Skin Disorders in Parkinson’s Disease: Potential

Biomarkers and Risk Factors. Clin. Cosmet. Investig. Dermatol. 2017, 10, 87-92.

(17) Niemann, N.; Billnitzer, A. & Jankovic, J. Parkinson’s Disease and Skin. Parkinsonism Relat.

Disord. 2021, 82, 61-76.

(18) Krestin, D. The Seborrhoeic Facies as a Manifestation of Post-Encephalitic Parkinsonism and

Allied Disorders. Q/M 1927, 21 (81), 177-186.

(19) Sinclair, E.; Trivedi, D. K.; Sarkar, D.; Walton-Doyle, C.; Milne, J.; Kunath, T.; Rijs, A. M.; de Bie,
R. M. A.; Goodacre, R.; Silverdale, M. et al. Metabolomics of Sebum Reveals Lipid Dysregulation in

Parkinson’s Disease. Nat. Commun. 2021 121 2021, 12 (1), 1-9.

(20) Trivedi, D. K.; Sinclair, E.; Xu, Y.; Sarkar, D.; Walton-Doyle, C.; Liscio, C.; Banks, P.; Milne, J.;
Silverdale, M.; Kunath, T. et al. Discovery of Volatile Biomarkers of Parkinson’s Disease from Sebum.

ACS Cent. Sci. 2019, 5 (4), 599-606.

(212) Sinclair, E.; Walton-Doyle, C.; Sarkar, D.; Hollywood, K. A.; Milne, J.; Lim, S. H.; Kunath, T.; Rijs,
A. M.; de Bie, R. M. A,; Silverdale, M. et al. Validating Differential Volatilome Profiles in Parkinson’s
Disease. ACS Cent. Sci. 2021, 7 (2), 300-306.

14

https://doi.org/10.26434/chemrxiv-2023-wxv2b ORCID: https://orcid.org/0000-0002-7720-586X Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2023-wxv2b
https://orcid.org/0000-0002-7720-586X
https://creativecommons.org/licenses/by-nc-nd/4.0/

(22) Spick, M.; Longman, K.; Frampas, C.; Lewis, H.; Costa, C.; Walters, D. D.; Stewart, A.; Wilde, M.;
Greener, D.; Evetts, G. et al. Changes to the Sebum Lipidome upon COVID-19 Infection Observed via
Rapid Sampling from the Skin. EClinicalMedicine 2021, 33, 100786.

(23) Bernier, U. R.; Kline, D. L.; Barnard, D. R.; Schreck, C. E. & Yost, R. A. Analysis of Human Skin
Emanations by Gas Chromatography/Mass Spectrometry. 2. Identification of Volatile Compounds That
Are Candidate Attractants for the Yellow Fever Mosquito (Aedes Aegypti). Anal. Chem. 2000, 72 (4),
747-756.

(24) Camera, E.; Ludovici, M.; Galante, M.; Sinagra, J.-L. & Picardo, M. Comprehensive Analysis of
the Major Lipid Classes in Sebum by Rapid Resolution High-Performance Liquid Chromatography and
Electrospray Mass Spectrometry. J. Lipid Res. 2010, 51 (11), 3377—-3388.

(25) Zhang, J. D.; Le, M. N.; Hill, K. J.; Cooper, A. A.; Stuetz, R. M. & Donald, W. A. Identifying Robust
and Reliable Volatile Organic Compounds in Human Sebum for Biomarker Discovery. Anal. Chim. Acta

2022, 1233, 340506.

(26) Pang, Z.; Zhou, G.; Ewald, J.; Chang, L.; Hacariz, O.; Basu, N. & Xia, J. Using MetaboAnalyst 5.0
for LC-HRMS Spectra Processing, Multi-Omics Integration and Covariate Adjustment of Global
Metabolomics Data. Nat. Protoc. 2022 178 2022, 17 (8), 1735-1761.

15

https://doi.org/10.26434/chemrxiv-2023-wxv2b ORCID: https://orcid.org/0000-0002-7720-586X Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2023-wxv2b
https://orcid.org/0000-0002-7720-586X
https://creativecommons.org/licenses/by-nc-nd/4.0/

