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Interference of oleamide with
analytical and bioassay results

Urska Jug%5, Katerina Naumoska®>®, Valentina Metli¢ar:2, Anne Schink3, Damjan Makuc*,
IrenaVovk!*, Janez Plavec?*° & Kurt Lucas®

During sample preparation and analysis, samples are coming in contact with different labware
materials. By four unrelated analytical (phytochemical and pharmaceutical) case-studies and employing
different analytical techniques, we demonstrated the potential misinterpretation of analytical results
due to the use of contaminants-leaching labware during sample handling. Oleamide, a common
polymer lubricant and a bioactive compound, was identified as a main analytical interference, leaching
from different labware items into solvents, recognised as chemically compatible with the tested
polymer material. Moreover, anti-inflammatory effect of oleamide at 100 g mL~* and considerable
pro-inflammatory effect of the plastic syringe extractables (containing oleamide) at the same level were
shown in aTLR4-based bioassay. Taking these results into account, together with the fact that oleamide
can be a compound of natural origin, we would like to notify the professional public regarding the
possible erroneous oleamide-related analytical and bioassay results due to the use of oleamide-leaching
labware. Researchers are alerted to double check the real source of oleamide (labware or natural
extract), which will prevent further reporting of false results. Analysis of procedural blanks with de-novo
developed UHPLC-ESI-MS method is, among some other strategies, proposed for detection of oleamide
interference and avoidance of misleading results of certain analyses.

Due to the convenient use, plastic equipment is omnipresent in analytical and biological laboratories. Plastic
additives, which enhance polymer properties, prolong their shelf-life and increase their functionality, are inevita-
bly used during its production’. Among the known lubricants and slip additives, fatty acid amides are recognised,
including oleamide, erucamide and stearamide®*. Due to the lower number of carbon atoms, oleamide migrates
faster from the polymer compared to erucamide and stearamide?.

Moreover, oleamide is a bioactive signaling molecule found in cerebrospinal fluid of sleep-deprived ani-
mals*®. It is reported to affect cannabinergic CB-1°, GABA, and serotonergic 5-HT receptors”® and to possess
anti-inflammatory activity’-'. Various other pharmacological effects of oleamide such as cannabinoid like behav-
iour®!, inhibition of the enzyme human monoamine oxidase B®'%, closure of gap-junctions'® and activation of
TRPV1 vanilloid receptors!® are also communicated. Despite the already reported studies regarding bioassay
interferences®'>!” from plastic labware leachables, including oleamide, it has been continuously reported as ana-
lyte in natural extracts>!11218-21 At the same time, it has been rarely double checked to be a possible plastic
labware interference®*-*%, perhaps due to its natural origin. For instance, few fatty acid amides (myristamide,
palmitamide, linoleamide, elaidamide, stearamide and erucamide), frequently used as lubricating agents in
polymer industry?®, were reported to be the responsible compounds for the toxicity of the alga Prymnesium
parvum®. These results may or may not represent a coincidence. However, the possibility for interferences of
plastic-leaching contaminants was not considered. Moreover, due to oleamide’s bioactivity, the reliability of the
published bioassay guided fractionation studies, leading to discovery of oleamide!" has never been questioned.
Therefore, we feel the urge to notify the professional public on the continuous reporting of possibly false positive
results regarding oleamide as analyte. Moreover, we would like to alert analytical chemists about the need to dou-
ble check the real origin of oleamide, thus preventing misinterpretation of analytical results and at the same time
notify labware manufacturers regarding this issue. This will prevent future publication of erroneous data and aid
to the quality and reliability of the future studies.
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To demonstrate the analytical dilemma regarding oleamide as analyte or interference, four different and
unrelated analytical (phytochemical and pharmaceutical) case studies using different techniques (HPTLC,
HPTLC-ESI-MS, HPTLC-APCI-MS, DI-ESI-MS, UHPLC-ESI-MS and 'H NMR) are presented. Even though the
four case-studies were independently performed (in the course of different projects, by different researchers, and
some of them even in different laboratories), the conclusions drawn from the individual studies led to oleamide as
a main analytical interference leaching from different labware. The next aim of the study was to develop a simple
UHPLC-ESI-MS method, which will help researchers to identify oleamide-leaching labware. Due to oleamide’s
proven activity in some cell-based bioassays, including anti-inflammatory effects?!?, experiments on TLR4 antag-
onistic activity aiming to show interferences in the biological response were performed as well.

In the light of this study, we would like to raise the question, whether the previously published results on
a global scale, reporting identification of oleamide in samples (e.g. phytochemical extracts), are trustworthy.
Moreover, we aim to tackle another problem concerning the reliability of the already published bioassay studies.
Namely, oleamide can be present in labware itself, mostly made of plastic, and only careful analytical approach
could eliminate this interference, as discussed in this paper.

Materials and Methods

Interference of oleamide with analytical results (Case study 1 - Case study 4). Case-study I:
Multi-dimensional (HP)TLC fractionation of Japanese knotweed rhizome extract, followed by fraction structural
elucidation by NMR.  Japanese knotweed rhizome acetonic 70%,, extract (acetone: Honeywell, North Carolina,
USA) was fractionated on (HP)TLC plates (Merck, Darmstadt, Germany) in multiple dimensions to isolate
(+)-catechin?. Fractions were extracted by methanol (LC-MS grade, Honeywell Reagents, Seelze, Germany)
and "H NMR spectrum (in CD;0D, Armar AG, Déttingen, Switzerland) was acquired for characterisation of
the isolated compound. Extracts (procedural blanks) of different labware used during the isolation procedure,
as well as of some alternative labware, were prepared and tested with "H NMR and with an HPTLC method for
separation of lipid classes®.

Extracts of different labware as follows: polyvinylidene fluoride (PVDE, 0.45um, d=25mm), PVDEF (0.45 pum,
d=8mm), hydrophilic polytetrafluoroethylene (H-PTFE, 0.20 pm, d =8 mm) and regenerated cellulose (RC,
0.45 pm, d =25 mm) membrane filters for syringe, 5mL and 20 mL plastic syringes, membrane filter paper (PVDF
type GV, 0.22 pm), 50 mL centrifuge vial and plastic Pasteur pipette were obtained after multiple extractions with
methanol (LC-MS grade, Honeywell Reagents) (see Supplementary Information). Methanol as blank and amber
glass storage vial with PTFE lined cap were also tested. During the extraction procedures, the use of other plastic
labware was avoided.

For NMR analyses, the extracts obtained after multiple extractions of PVDF (d =8 mm and d =25mm),
H-PTFE (d =8 mm) membrane filters attached to 20 mL plastic syringes, plastic Pasteur pipettes and plas-
tic centrifuge vials (50 mL), all stored in amber glass storage vials with PTFE lined caps, were dried under N,.
Methanol was also treated with N, flow to concentrate possible impurities. Dry residues were dissolved in 0.5 mL
of CD;0D or in case of 5mL plastic syringe extract also in 0.5mL CDCl; (both obtained from Armar AG).
CD;OD or CDCl; were also used as lock solvents. Solvent residual peaks had a role of internal standards in case of
CD;OD, while 0.03% tetramethylsilane (TMS), v/v was used as a reference standard for experiments performed
in CDCl;. CD;0D blank in a glass NMR tube was also tested for potential impurities. "H NMR spectra were
acquired on Agilent Technologies DD2 600 MHz spectrometer equipped with a 5mm HCN cold probe at 25°C.
The labware-leaching contaminant was identified on the basis of the characteristic NMR resonances which were
assigned according to their chemical shifts (8) expressed in ppm, multiplicity of signals, coupling constants (J) and
their integrated intensity using MestReNova NMR software (Mestrelab, Santiago de Compostela, Spain).

For HPTLC analysis, all labware extracts obtained after multiple extractions and methanol blank, stored in
amber glass storage vials with PTFE lined caps, were dried under N, and the solid residues were dissolved in
0.5mL methanol. Lipid standards mixture was prepared by dissolving the following lipids in chloroform (Merck),
with mg mL~! concentrations given in parenthesis: L-a-phosphatidylcholine (0.09), a-monopalmitin (0.25),
cholesterol (0.12), cetyl alcohol (0.10), palmitic acid (0.22), tripalmitin (1.00), 3-hexadecanone (0.18), stearyl
palmitate (0.11) and squalane (0.06). All lipid standards were of 99% purity and purchased from Sigma-Aldrich
(Darmstadt, Germany), with exception of squalane, which was obtained from Merck?. Lipid standards mix-
ture, labware methanolic extracts obtained after multiple extractions and methanol (treated with N, flow) blank
were applied on a 20 cm x 10 cm glass backed HPTLC silica gel 60 plate (Art. No. 1.05641.0001) by Linomat 5
(CAMAG, Muttenz, Switzerland) as 8 mm bands, 16 mm from the left edge and 5 mm from the bottom of the
plate (Fig. 1). Applications on the plate were as follows: extracts of membrane filters for syringes, filter paper,
syringes (all 25 L), plastic centrifuge vial, plastic Pasteur pipette, methanol (treated with N, flow) (all 64 uL) and
lipid standard mixture (27 pL). The plate was developed using an HPTLC method for separation of different lipid
classes?. For detection, the plate was immersed in 10% ethanolic (Carlo Erba, Val de Reuil Cedex, France) solu-
tion of molybdophosphoric acid hydrate (Merck) - MoP reagent®* for 2 seconds, dried in a stream of warm air
and heated on TLC plate heater ITI (CAMAG) at 150 °C for 35 min. DigiStore 2 Documentation system (CAMAG)
was used for capturing HPTLC plate images under white light illumination after post-chromatographic
derivatisation.

HPTLC coupled to electrospray ionisation (ESI)-MS was used to analyse methanolic extracts of 5mL and
20 mL plastic syringes (as prepared for HPTLC) using twice pre-developed (1% methanol:formic acid (Merck)
(10:1, v/v), 2" methanol)***! HPTLC silica gel plate (20 cm x 10 cm). Methanolic extracts (70 pL) were applied by
Linomat 5 (CAMAG) as 50 mm band, 5 mm from the bottom of the plate. Methanolic standard solution of oleam-
ide (50 pg mL~", Sigma-Aldrich, 1.25pg) was applied twice as 8 mm bands. Background MS signals were also
analysed from the middle zone of the plate (Supplementary Fig. S1). The HPTLC method for separation of lipid
classes?® was used for development of the plate. After plate development and drying, it was cut in three pieces and
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only side pieces were derivatised with MoP, as shown in Supplementary Fig. S1. TLC-MS interface (CAMAG)
with oval elution head (4 mm x 2 mm) was used to elute the zones of interest from the plate into the MS. Heated
ESI in positive mode ((+)HESI) was used to ionise the eluted compounds. MS parameters, mobile phase compo-
sition and flow rate are described in ‘UHPLC-ESI-MS’ section (below). A C18 (4 mm X 3 mm L.D., Phenomenex,
Torrance, CA, USA) guard column and 0.5 pm in-line filter (Idex, Health & Science, Oak Harbor, WA, USA) were
mounted before the MS (LTQ Velos MS, Thermo Fisher Scientific, Waltham, MA, USA) ion source. MS spectra
were acquired in the m/z range of 50-2,000. For MS" experiments, target precursor ions were fragmented using
the collision energy of 35%. After HPTLC-MS" analysis, the middle part of the plate was additionally derivatised
with MoP to confirm the position accuracy of the eluted zones.

Case-study 2: HPLC fractionation of cinnamon extract and identification of the unknown analytes by direct injection
(DD)-ESI-MS.  Commercial 70%,q, ethanolic extract of cinnamon (Cinnamomum verum) was fractionated by
HPLC™. The isolated fractions were tested in a bioassay and the potent ones were further analysed by HRMS and
GC-MS to identify the compounds potentially responsible for the anti-inflammatory activity*. Prior to obtaining
the final data®, problems with their DI-MS identification were encountered.

In the scope of troubleshooting, standard eugenol (0.5pgmL™! in ethanol, Fluka, Ph.Eur), certain active cin-
namon fractions, blanks and extracts of labware, used during the experimental work (listed in Table 1, labelled
‘DI-MS’), were prepared by single extraction and separately tested with DI-MS. Different solvents (mobile phase,
ethanol or acetonitrile) were tested as extraction media for labware and dissolution (solvation, dilution or con-
centration) media for the isolated cinnamon fractions with anti-inflammatory activity.

DI-MS analyses were performed on HPLC-MS system (Agilent 1200 Series-6130 Quadrupole) without col-
umn under isocratic elution using mobile phase composed of 0.1% formic acid,q, (Sigma-Aldrich) and ace-
tonitrile (Fisher Scientific) in ratio 30:70, v/v and a flow rate of 0.2 mL min . ESI-MS method in positive mode,
optimised with eugenol standard under flow injection analysis (FIA) was used for troubleshooting purposes. The
MS parameters were as follows: drying gas flow and temperature 9 L min~! and 340 °C, respectively, nebulizer
pressure 10 psig, capillary voltage 5,000 V and fragmentor 85 V.

Case-study 3: HPTLC-APCI-MS analysis of Japanese knotweed leaves extract. Japanese knotweed leaves extract
(see Supplementary Information) was analysed on a 20 cm x 10 cm glass backed C,3s RP HPTLC plate (Merck).
Separately, non-filtered and filtered blank (90% acetone,q):1 M triethylammonium acetate (TEAA) with pH 7** in
ratio 85:15, v/v, both obtained from Honeywell), standard oleamide (50 pg mL~" in methanol, 1.25pg) and filtered
sample extract in duplicate were applied on another HPTLC plate of the same type. Solutions were applied on
the plates as 8 mm bands, 15 mm from the left edge and 10 mm from the bottom edge by Linomat 5. The plates
were pre-developed and developed using our method for separation of carotenoids*. Developed plates were
dried under a stream of cool air, and only the second plate (except the last application) was derivatised by MoP
(see case-study 1). Finally both plates were documented by DigiStore 2 documentation system under white light.
TLC-MS interface, with oval elution head (4 mm x 2 mm) was used for elution of the zones of interest from the
first HPTLC plate into MS system (LTQ Velos). A C18 (4 mm x 3 mm I.D., Phenomenex) guard column and a
0.5pm in-line filter (Idex, Health & Science) were mounted before the MS ion source. Methanol:dichloromethane
(1:1, v/v)*** with a flow rate of 0.2 mL min~! was pumped as an elution solvent from the HPLC system (Accela
UHPLC 1250 system, Thermo Fisher Scientific). Acetic acid (Merck) in methanol 0.2%, v/v was added to the
HPTLC effluent in a ratio 1:40, v/v prior to the introduction into the MS system***>. Atmospheric-pressure chem-
ical ionisation (APCI) in positive ion mode was used for compounds ionisation. Ion source parameters were
set as follows: transfer capillary and vaporiser temperature 300 °C, sheath gas flow rate 30 arbitrary units (a.u.),
auxiliary gas 10 a.u. and discharge current 3 pA. MS" experiments were carried out by fragmentation of the target
precursor ions using collision energy of 35%>.

Case-study 4: Quality control of an active pharmaceutical ingredient (API) using UHPLC-ESI-MS.  Antidepressant
API (confidential) and its related impurities were separated using an Acquity UPLC BEH C18 column
(100 mm x 2.1 mm; 1.7 um, Waters Corporation Milford, MA, USA) connected to a 0.5 um in-line filter (Idex,
Health & Science) using an UHPLC-MS system (Dionex Ultimate 3000 - LCQ Fleet, Thermo Scientific). Mobile
phase consisted of 10 mM ammonium bicarbonate buffer pH 10.77 (A):methanol (B) (20:80, v/v) under isocratic
elution and a flow rate of 0.2 mL min~! was employed. Mobile phases A (see Supplementary Information) and
B were filtered through 0.1 um PTFE membrane filter (Merck Millipore, Carrigtwohill, Ireland). Column and
autosampler temperatures were 30 °C and 10 °C, respectively and the run time was 30 min. Total ion current
chromatograms (TIC) were acquired in the m/z range 100-1,000. Plastic syringe leachables obtained by methanol
were analysed with the same method.

UHPLC-ESI-MS method for determination of oleamide-leaching labware. Prepared extracts, listed in Table 1
(labelled ‘LC-MS’), were divided into two groups: ones obtained after single and others obtained after multiple
labware extractions (see Supplementary Information). Former were prepared without any further pre-treatment,
thus simulating labware standard laboratory use, while latter were dried and re-dissolved in 5mL of methanol. In
addition, 5 mL plastic syringe extracts were obtained after 1%, 274, 3¢, 4th 5th and 26" rinse with methanol. Water
was also tested as an extraction medium of 5mL plastic syringe. During the extraction procedures, the use of
other plastic labware was avoided in order to prevent false positive results for oleamide. All labware methanolic
extracts, water extract, methanol and methanol treated with N, flow (prepared to concentrate possible impurities)
as blanks were analysed for oleamide by LC-MS.
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The analyses of oleamide were performed on an HPLC-MS system in (+)HESI (Dionex Ultimate 3000 - LCQ
Fleet). The UHPLC method developed for quality control of API (case-study 4) was applicable for determination
of oleamide and is described above. Standard solution of oleamide (25ugmL~" in methanol) was used to opti-
mise the MS parameters, which were as follows: capillary and heater temperatures 350 °C and 150 °C respectively,
sheath gas flow rate 19 a.u., auxiliary gas flow rate 10 a.u., sweep gas flow rate 0 a.u., spray voltage 4.00kV, capil-
lary voltage 23.41V and tube lens 91 V. TICs were acquired in the m/z range 100-1,000. Selected ion monitoring
(SIM) chromatograms of oleamide (1/z 282) were also recorded. Collision energy of 30% was used to fragment
the precursor ions in MS" experiments.

Interference of oleamide and other plastic extractables with bioassay results. For bioassay testing, stock solu-
tions at 100 mgmL~" were prepared by dissolving oleamide standard and dried plastic syringe extract (0.95mg,
obtained after multiple extraction of 5mL plastic syringes; case-study 1) in 70%,q) methanol (Honeywell). Stock
solutions of Japanese knotweed rhizome ethanolic (70%,,), Carlo Erba) and acetonic (70%,q), Honeywell)
extracts (see Supplementary Information) were also prepared.

THP-1 monocyte cell line TIB-202 (ATCC) was cultured in RPMI 1640 medium (Thermo Fisher Scientific,
Darmstadt, Germany) supplemented with 0.05 mM 3-mercaptoethanol (Sigma-Aldrich), 1% penicillin/strepto-
mycin (Thermo Fisher Scientific) and 10% fetal calf serum (FCS; heat-inactivated, Biochrom, Berlin, Germany)
in a humidified atmosphere of 5% CO, at 37°C. 4 x 10° Cells mL~! were seeded in 100 pL medium in a 96-well
microtiter plate (Greiner Bio-One, Solingen, Germany) and were allowed to settle for 1h. The cells were incu-
bated for 2h at 37 °C with oleamide or extracts in final concentrations of 1 uygmL~!, 10pgmL~"! and 100 pgmL ™"
in cell culture medium or the same amount of vehicle. Afterwards, the TLR4 of the cells was stimulated with
lipopolysaccharide (LPS, LPS-EB; from E. coli O111:B4, Invivogen, Toulouse, France) at a final concentration of
50ngmL~" (4h at 37°C). 100 pL of the supernatant of each well was taken for further experiment using ELISA
(BD Biosciences)?2.

Viability of the remaining THP-1 cells was determined using Alamar Blue Assay (Thermo Fisher Scientific)
according to manufacturer’s protocol (10% final concentration of Alamar Blue solution). Fluorescence intensity
at an excitation wavelength of 560 nm and an emission wavelength of 590 nm was measured with a microplate
reader (Synergy Neo, Biotek, Bad Friedrichshall, Germany)*~.

ELISA was used to determine the IL-8 concentration in the supernatant of pre-treated THP-1 monocytes. The
ELISA was performed according to the manufacturer’s protocol with optimised washing buffer volume and 1:2,
v/v diluted supernatant in assay diluent. A Synergy Neo plate reader (Biotek) was used to measure absorbance
at a wavelength of 450 nm and a reference wavelength of 570 nm. The IL-8 concentration of the samples was cal-
culated according to a standard curve (4 parameter logarithmic) and the dilution factor in the program Synergy
Neo (Biotek)*.

Analysis of variance (ANOVA) was performed to analyse variance between different experimental groups.
Unpaired t-test was performed using GraphPad Prism version 5.01 for Windows (GraphPad Software, San Diego,
California, USA) to test the statistical significance of the results. P < 0.05 was considered significant®.

Results

Interference of oleamide with analytical results (Case study 1 - Case study 4). Case-study I:
Multi-dimensional (HP)TLC fractionation of Japanese knotweed rhizome extract, followed by fraction structural elu-
cidation by NMR. NMR spectrum of the fraction isolated from Japanese knotweed rhizome extract?’ revealed
trace amounts of the target analyte (+)-catechin, while showing presence of impurities (visible in the aliphatic
part of the spectra).

'H NMR spectra of procedural blanks obtained after multiple extractions of PVDF (d =25 mm) and H-PTFE
(d =8 mm) filters attached to 20 mL plastic syringes, plastic Pasteur pipettes, 50 mL plastic centrifuge vials and
methanol (treated with N, flow to concentrate possible impurities) showed that all analysed labware contributed
to some impurities in the final plant fraction (peaks mostly observed in the range between 6 0 and 2.5 ppm).
However, the most intensive signals of impurities were observed in the "H NMR spectra of extracts of membrane
filters attached to plastic syringes. "H NMR spectra of methanol (treated with N, flow), CD,;0D, glass storage vial
extract and glass NMR tube extract did not show presence of impurities.

HPTLC chromatogram obtained by the in-house method for separation of lipid classes (Fig. 1) showed inten-
sive bands of impurities after derivatisation with molybdophosphoric acid reagent (MoP) at Ry zones of acetone
mobile polar lipids (AMPL; Ry =0.07 and R;=0.10) for extracts of different membrane filters attached to plastic
syringes (tracks 1, 2, 4 and 5, Fig. 1). To test the PVDF material alone, PVDF filter paper extract was analysed and
its HPTLC chromatogram showed only negligible amount of impurities in this region (track 3, Fig. 1). Methanol
(treated with N, flow) and 20 mL plastic laboratory syringe, which were used for preparation of all tested filter
samples, were also analysed. Methanol (treated with N, flow) showed to be relatively pure (track 10, Fig. 1), which
was also confirmed by '"H NMR analysis, while 20 mL syringe extract contained large amount of impurities (track
6, Fig. 1) and was therefore identified as the main source of contamination. The extract of 5mL laboratory syringe
of the same producer showed only one of the two abundant impurities at the R zone of AMPL (R =0.10, track 7,
Fig. 1). In addition, extracts of centrifuge vials and plastic Pasteur pipettes showed negligible amount of impuri-
ties at the Ry zone of AMPL (tracks 8 and 9, Fig. 1). All tested extracts shown in Fig. 1 with exception of methanol
(treated with N, flow) possessed an additional impurity band in the chromatogram in the Ry region of hydro-
carbons (HC; Ry =0.85) of unknown identity. The amount of dry residues obtained after multiple extractions of
a 5mL plastic laboratory syringe was visible to the naked eye (0.95 mg, Supplementary Fig. S2). Oleamide was
found as a principal impurity and was confirmed by 'H NMR analysis of 5mL syringe extract, obtained after mul-
tiple extractions with methanol. Spectra recorded in CDCl; enabled also detection of the amide group hydrogens
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Figure 1. Chromatogram of extracts obtained after multiple extractions of labware: PVDF (d =25mm, 1),
PVDF (d =8 mm, 2), PVDF filter paper (3), H-PTFE (4), regenerated cellulose (5), plastic syringe (20 mL, 6),
plastic syringe (5mL, 7), plastic centrifuge vial (50 mL, 8), plastic Pasteur pipette (9), methanol treated with
N, flow (10) and lipid standards mixture (11). HPTLC silica gel plate was developed according to the method
for separation of lipid classes?® and documented under white light illumination after derivatisation with MoP.
Legend: PL - phospholipids, AMPL - acetone-mobile polar lipids, ST - sterols, FA - fatty alcohols, FFA - free
fatty acids, TAG - triacylglycerols, KE - ketones, WE - wax esters, HC - hydrocarbons.

(broad singlet at § 5.25 ppm, Supplementary Fig. $3). This signal was not observed in the 'H NMR spectra of the
previously analysed extracts acquired in CD;0D, due to proton exchange.

The HPTLC separation of lipid classes was further combined with (+)ESI-MS" for additional analyses of
extracts of plastic syringes (5mL and 20 mL, both of the same producer), obtained after multiple extractions.
The significant impurity bands at Ry = 0.10, present in tracks of both plastic syringes, corresponded to the Ry of
oleamide standard (Supplementary Fig. S1). The presence of oleamide in these extracts was further confirmed
by MS and MS" (Table 2). The compounds comprising the band at R;=0.07 in the track of 20 mL plastic syringe
(Supplementary Fig. S1) were tentatively identified as oxidation products of oleamide (Table 2).

Case-study 2: HPLC fractionation of cinnamon extract and identification of the unknown analytes by direct injection
(DD)-ESI-MS. 1In the scope of HPLC fractionation of cinnamon (Cinnamomum verum) extract and identifica-
tion of chemical constituents in the potent anti-inflammatory fractions®?, identification of the compounds was
at first hindered by the presence of some contaminant mass peaks. Upon injection of filtered ethanolic eugenol
standard (suspected to be present in one of the active extract fractions) into the (4)ESI-MS, mass peaks at m/z
282, 280, 296, 318 and 320 appeared, while the mass peak corresponding to eugenol standard at m/z 165 was
barely visible. Although MS method was further optimised using eugenol standard, contaminant mass peaks at
m/z 282, 280, 296, 318 and 564 were still dominant (Fig. 2a). In contrast, blank (ethanol) injected without filtra-
tion did not show any of these contaminant mass peaks (Fig. 2b). Most of these contaminant peaks were present
in MS spectra of the eugenol standard, fractions and blanks, after their filtration, regardless of the solvent type
(ethanol, acetonitrile or mobile phase) used for solvation, dilution or concentration and of the type of the filter
(PVDE, PTFE) used for filtration. Finally, an MS spectrum obtained for the extract of the plastic syringe, used for
filtration, showed that the syringe itself was the main source of these contaminants (m/z 282, 296, 564).

Therefore, each plastic and non-plastic labware, used during the bioassay-guided fractionation®?, was sep-
arately tested for leachables using mobile phase as a contact solvent, unless stated otherwise. Both PVDF and
PTFE filters mounted to a glass gas tight syringe were extracted and tested apart from the plastic syringe. PTFE
filters gave slightly lower MS background in comparison to PVDEF, when tested together with leachables-free
glass gas tight syringe. Moreover, no significant difference was observed between both filter types after filtra-
tion of ethanolic eugenol standard with or without pre-rinsing with ethanol. Glass fraction collector tubes, glass
syringe, plastic micropipette tips, plastic 15mL centrifuge vials, used for fraction storage, and centrifuge tubes
containing cellulose acetate membrane filter did not cause any contamination problems in MS. Plastic Pasteur
pipettes leached contaminants at #/z 282, 338 and 360. Two additional types of sterile plastic syringes extracted
with mobile phase or ethanol showed similar profiles as the previously tested. After extraction with the mobile
phase, glass Pasteur pipettes showed MS spectrum with multiple mass peaks of lower intensity. Data on the
oleamide-leaching labware, tested by the DI-MS method are summarised in Table 1. Finally, centrifuge tubes
containing cellulose acetate membrane filter enabled clear MS background with no interferences for eugenol
standard in ethanol (base peak, Fig. 2¢).

Case study 3: HPTLC-APCI-MS analysis of Japanese knotweed leaves extract. Identification of the unknown
analytes extracted from Japanese knotweed leaves observed in the HPTLC chromatogram was performed in
combination with (+)APCI-MS". MS spectra of a zone of interest at R, = 0.66 showed presence of precursor mass
peaks at m/z 282 (MS) and product mass peaks at m/z 265, 247 (MS?) and m/z 247 (MS?), suggesting the presence
of oleamide as interference. Therefore, an HPTLC plate with applied non filtered and filtered blank, oleamide
standard solution and filtered Japanese knotweed leaves extract (in duplicate) was developed according to our
method for carotenoids** and derivatised (except the track of the last application) by MoP (Fig. 3). Filtered blank
and filtered Japanese knotweed extract showed bands at the R of oleamide standard (0.64, Fig. 3).
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Extraction Oleamide
Method | Material tested media S M
Plastic laboratory materials
LC-MS Pipette tip 1,000 uL A MeOH — —
DI-MS Pipette tip 200uL B m.p. - |/
LC-MS Centrifuge vial 15mLC MeOH + |/
DI-MS Centrifuge vial 15mL D m.p. - |/
DI-MS Centrifuge vial 15mL D ACN - |/
LC-MS Centrifuge vial 50mLC MeOH - |+
LC-MS Pasteur pipette E MeOH - +
DI-MS Pasteur pipette F m.p. + |/
LC-MS Microcentrifuge tube 2mL G MeOH - |-
LC-MS Microcentrifuge tube with cellulose acetate filter 2mLH MeOH - |/
DI-MS Microcentrifuge tube with cellulose acetate filter 2mLH EtOH - |/
LC-MS PVDF syringe filter 0.45um I MeOH - -
DI-MS PVDEF syringe filter 0.2umJ m.p. - |/
LC-MS H-PTFE syringe filter 0.2 pum I MeOH - |/
DI-MS PTFE syringe filter 0.2um K m.p. - |/
LC-MS Syringe 5mLL MeOH + |+
LC-MS | Syringe 5mL 26" rinsing L MeOH + |/
LC-MS Syringe 5mLL H,0 + |/
LC-MS Syringe 20mLL MeOH / +
DI-MS Syringe 5mLL m.p. + |/
DI-MS Syringe 5mLM m.p. + |/
DI-MS Syringe 5mLN m.p. + |/
DI-MS HPLC plastic vial insert O ACN - |/
DI-MS HPLC plastic vial insert O EtOH - |/
Other laboratory materials
LC-MS HPLC glass vial insert with bottom-spring J MeOH + |/
LC-MS HPLC glass vial insert J MeOH - |/
LC-MS Glass syringe 5mLP MeOH - |/
DI-MS Glass syringe 1 mL Q m.p. - |/
LC-MS Glass syringe 100 uL Q MeOH — /
LC-MS Glass Pasteur pipette R MeOH - |/
DI-MS Glass Pasteur pipette F m.p. - /
DI-MS Glass fraction collector tube O m.p. - |/
LC-MS MeOH (LC-MS grade) S MeOH — —
LC-MS Laboratory glove* T MeOH + |/

Table 1. Extracts of disposable laboratory materials obtained after single (S) or multiple (M) extractions

and tested for presence of oleamide (/z 282) with either DI-MS or LC-MS method. Extraction media and
extraction procedure (S or M) were selected to obtain procedural blanks required in case-studies. —/+ not
detected/detected. *Concentrated extract. /not analysed. m.p.mobile phase: 0.1% HCOOH,,,:ACN (30:70, v/v).
A-T different manufacturers.

Case-study 4: Quality control of an active pharmaceutical ingredient (API) using UHPLC-ESI-MS. An
UHPLC-MS method was developed to separate antidepressant API and its related substances. Besides the peaks
of API and the key impurity, both eluting in less than 5 min, few other peaks were observed at t; 10.04, 13.03,
14.49, 17.74, 20.99 and 22.84 min, which were later also found in the TIC chromatograms of filtered API solution
and methanolic extract of a 5mL plastic syringe (Fig. 4).

UHPLC-ESI-MS method for determination of oleamide-leaching labware. 'The method developed to separate API
and its related substances (case-study 4) was adopted for identification of oleamide-leaching labware. MS method
was optimised for oleamide standard employing (4)HESI. By fragmentation of the precursor ion (/2 282), mass
peaks at m/z 265 and 247 were obtained. Fragmentation of the precursor ion at m/z 265 resulted in product ion
at m/z 247, while by its further fragmentation, two sets of cluster ions with mass difference of 14 (m/z 81-179
and m/z 79-219) were observed. It is evident from Table 1, that oleamide migrates into the extraction media
(which is methanol or water in case of 5mL plastic syringe) from some plastic labware and surprisingly also
from some non-plastic labware, such as a certain type of HPLC glass vial inserts, either after single or multiple
extraction procedures. The area of oleamide peak in the extract chromatograms of a 5mL plastic syringe obtained
after 1, 2", 314, 4" and 5% rinse with methanol was plotted against the number of the consecutive rinsing steps
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Figure 2. DI-ESI-MS spectra in positive mode, corresponding to: eugenol ethanolic standard solution analysed
after filtration (a), ethanol as blank, analysed without filtration (b) and eugenol ethanolic standard solution
filtered using centrifuge tubes containing cellulose acetate membrane filter (c).

Rg MS (m/z) MS? (m/z) MS? (m/z)

0.07 |296[M+H]* | [296]:279 [296 —279]: 261, 243

0.07 280 [M+H]* [280]: 263, 245 | [280 — 263]: 245

0.07 [280 —245]: 79—177 (A =14), 77-217 (A=14)
0.07 328 [M+H]* [328]: 296 [328 —296]: 279

0.10 282 [M+H]* [282]: 247,265 | [282 — 265]: 247

0.10 [282 —247]: 81—179 (A = 14), 79—219 (A = 14)

Table 2. Mass spectra signals obtained with HPTLC-(+)ESI-MS" analysis of the HPTLC zones in the tracks of
5mL and 20 mL plastic syringe extracts (Figure S1).

(Supplementary Fig. S4). Area and consequently amount of extracted oleamide decreased with increasing the
number of consecutive rinses.

Other contaminants’ peaks were also observed in the LC-MS chromatograms of the analysed labware extracts
and their identity was tentatively determined by the help of the literature data (Supplementary Table S1).

Interference of oleamide and other plastic extractables with bioassay results. THP-1 monocyte cell line was incu-
bated with 1ugmL~!, 10pgmL ! and 100 pgmL ™! oleamide solution and plastic syringe extract (for which pres-
ence of oleamide was confirmed), followed by stimulation with LPS to analyse the effect on the TLR4 signaling
pathways in vitro. The viability of LPS-stimulated cells treated with oleamide, syringe extract and vehicle (70%
methanol) was comparable to those of untreated cells (Supplementary Fig. S5a). A small but significant decrease
of IL-8 secretion was observed in THP-1 monocytes pre-treated with 100 g mL™! oleamide solution, whereas
the same concentration of plastic syringe extract led to a significant increase of IL-8 secretion (p < 0.0001;
Supplementary Fig. S5b). The same tendency could be observed when normalizing the IL-8 secretion to the via-
bility of the cells (p < 0.001; Supplementary Fig. S5c¢).
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Figure 3. Chromatograms of: blank (90% acetone,,:1 M TEAA with pH 7; 85:15, v/v) without filtration (1),
filtered blank (2), oleamide methanolic standard solution (3), and filtered Japanese knotweed leaves extract
(4, 5). Solutions were applied as 8 mm bands on a pre-developed C,3 RP HPTLC plate and developed by 0.1%
TBHQ in methanol:acetone (1:1, v/v)*. Plate was visualised under white light illumination without (track 5)
and with post-chromatographic derivatisation with MoP (tracks 1-4).
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Figure 4. TIC chromatograms of: filtered API solution (a), methanolic extract of 5mL plastic syringe (b) and
blank (c).

Discussion

Four case-studies with unrelated topics have been performed independently (in the course of different projects,
by different researchers, and some of them even in different laboratories), initially without insight into the pres-
ence of oleamide leachate. Its leaching was then confirmed by subsequent analyses after realising that oleamide
may present a contaminant. Careful experiments have been performed for each case-study separately to exclude
the possibility that oleamide is part of the sample chemistry. Each case-study was carried out using different ana-
Iytical techniques, which complementarily demonstrated presence of oleamide as a contaminant. The fact that
oleamide interfered with all shown results aims to raise the awareness of the researchers during execution of their
experiments. Some strategies elaborated in this study may serve as future guide on how to exclude the potential
interferences of oleamide and other related leachables and extractables.

In case-study 1, '"H NMR spectra of extracts of different laboratory materials were recorded, since 'H NMR
spectrum of the isolated fraction of Japanese knotweed rhizome extract showed presence of impurities. Oleamide,
which was specified as a plunger lubricant by the manufacturer of 5 and 20 mL syringes, was confirmed as a
principal impurity by 'H NMR analysis of 5mL syringe extract, obtained after multiple extractions with meth-
anol. Presence of oleamide in the extract was additionally supported by the 'H NMR data published elsewhere
in the literature>'*!%3%, The applicability of the in-house HPTLC method, which was reported to be capable for
separation of representative compounds belonging to 9 different lipid classes: L-c phosphatidylcholine (phospho-
lipids, PL), a-monopalmitin (acetone-mobile polar lipids, AMPL), cholesterol (sterols, ST), cetyl alcohol (fatty
alcohols, FA), palmitic acid (free fatty acids, FFA), tripalmitin (triacylglycerols, TAG), 3-hexadecanone (ketones,
KE), stearyl palmitate (wax esters, WE), and squalane (hydrocarbons, HC)?, was proven useful for separation
and detection of extracted impurities originating from labware. Chromatographic methods for separation of
compounds according to lipid classes were already described as important in the analysis of plastic additives®.
Molybdophosphoric acid reagent (MoP) showed to be an appropriate derivatisation reagent for quick detection
of oleamide and other impurities originating from laboratory materials. Plastic syringe (5mL and 20 mL) extracts
were further chosen for HPTLC-MS" analysis, due to the high intensity of their impurity bands observed in
HPTLC chromatogram (Fig. 1), as well as the abundance of their impurity signals in '"H NMR spectra. After
fragmentation of the ions at m/z 282, 280 and 296, peaks in MS? spectra showed loss of ammonia (—17 m/z) and
water (—18 m/z), that are typical for monounsaturated primary fatty acid amides®®. Further fragmentation led to
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clusters with mass difference of the fragments of 14 m/z (Table 2), which correspond to loss of -CH,- groups, typ-
ical for acyl chain lipids®®. The issues with leachables from laboratory materials, interfering with "H NMR analysis
of the Japanese knotweed isolate, were solved after excluding the contaminants-leaching labware®.

Identification of the compounds present in the potent anti-inflammatory fractions of Cinnamomum verum
extract (case-study 2), using DI-(ESI)-MS", was troubled by the presence of contaminant mass peaks, which
appeared also in the MS spectra of the standard and blanks exposed to filtration, regardless the solvent or filter
type used. From the observed mass peaks (/2 282, 280 and 296), the peak at m/z 282 was identified as oleamide,
while others were tentatively assigned to its oxidation products (Table 2). The observed ion with m/z 318 may
correspond to bisphenol A monobenzyl ether®® or dihydroxy oleamide. To rule out the source of contamina-
tion, procedural blanks were prepared and analysed by MS. MS spectrum of plastic syringe extract showed that
the syringe itself was the main source of these contaminants (m/z 282, 296, 564). Contaminants observed in the
MS spectrum of the plastic Pasteur pipettes leachate could be tentatively identified as oleamide (/z 282) and
erucamide (m/z 338), while possible adduct of the latter with sodium was also observed (m/z 360). Therefore, the
use of glass syringes is recommended over the use of plastic Pasteur pipettes and sterile plastic syringes, and the
use of plastic micropipette tips, which extract did not show contaminant signals in MS, is encouraged over glass
Pasteur pipettes (multiple mass peaks of lower intensity). Moreover, centrifuge tubes containing cellulose acetate
membrane filter, used in this study, showed to be an appropriate substitute for the plastic filtration set.

In the case-study 3, an observed MS spectrum was initially assumed to correspond to a Japanese knotweed
extract compound. However, procedural blank (filtered blank) applied on the HPTLC plate showed that the
compound did not originate from the plant extract itself, thus proving that oleamide leached from the used fil-
tration set. Oleamide was additionally confirmed by (+)APCI-MS" and fragmentation patterns were matching
with those obtained by (+)ESI-MS" analysis of oleamide band (m/z 282, Table 2). The band observed in the plant
extract chromatogram, corresponding to Ry of oleamide (track 4, Fig. 3), was slightly shifted towards higher Ry in
comparison to the standard’s band, most probably due to the influence of the complex plant matrix. As expected,
oleamide band was not observed on the underivatized part of the plate under white light illumination (track 5,
Fig. 3). However, its interference with coeluting bands of carotenoids lutein and zeaxanthin was obvious after
plate derivatisation with MoP and was confirmed by HPTLC-MS analysis.

Many signals, detected by UHPLC-MS in case-study 4, were initially considered to be related impurities of
API. However, by comparing TIC chromatograms of filtered API solution and methanolic extract of a 5 mL plastic
syringe (Fig. 4), laboratory plastic syringe was found as the main source of contaminants. Other chromatographic
peaks, showing m/z at 254, 256, 268, 273, 280, 282, were present in the procedural blank chromatogram (Fig. 4b),
which potential identity (e.g. palmitamide at m/z 256, elaidamide at m/z 282, compounds related to oleamide
standard or other) might be revealed by the data summarized in Supplementary Table S1.

Oleamide was detected as the main plastic labware migrant and analytical interference through the
four case studies (case-studies 1-4) elaborated above. Its leaching from labware was proven by 'H NMR,
HPTLC, HPTLC-ESI-MS (case-study 1), DI-ESI-MS (case-study 2), HPTLC-APCI-MS (case-study 3) and
UHPLC-ESI-MS (case-study 4) methods. Through these four case studies, oleamide was presented as major con-
taminant and interference, which if not carefully considered, could lead to false-positive analytical results dur-
ing execution of phytochemical (case-studies 1-3) or pharmaceutical (case-study 4) studies, especially using the
untargeted approach. Different labware items were tested for leaching of oleamide using "H NMR (case-study 1),
HPTLC (case-study 1) and DI-MS (case-study 2) methods.

To prevent future misleading oleamide-related results, an UHPLC-ESI-MS method was developed for identi-
fication of oleamide-leaching labware. Using C18 column and isocratic elution of the mobile phase, a good selec-
tivity for oleamide and other accompanying leachables and extractables, present in the procedural blanks, was
provided. Although oleamide is not detectable under all analytical conditions (e.g. on underivatized part of the
HPTLC plate in case-study 3), the employed mobile phase (80% methanol, 20% ammonium bicarbonate buffer,
pH 10.77) and the optimized MS tune enabled its ionisation in the ion source and subsequently its detection. MS
and MS" spectra of oleamide, obtained upon UHPLC analysis, showed the same mass signals (#1/z 282 in MS and
m/z 265 and 247 in MS?) as presented in Table 2 and discussed above. Different labware was tested by this method
and the results summarized in Table 1 under the label ‘LC-MS’ show that oleamide migrates into the extraction
media (mostly methanol) from some plastic labware and surprisingly also from some non-plastic labware either
after single or multiple extraction procedures. The presence of oleamide in a certain type of HPLC glass vial
inserts, used for analysis of extracts, was observed. Some glass vial inserts are likely coated with oleamide, allow-
ing easy liquid filling. The other glass vial insert type, which was proven to be oleamide-free (Table 1), was there-
fore further used for extracts analyses. Since oleamide was present in the methanolic extract of a 5mL laboratory
plastic syringe, which is also available on the market for parenteral administration, water as a pharmaceutical
formulation simulant was used to prepare an additional extract (Table 1). To summarize the results from Table I,
13 out of 28 tested labware proved positive for leaching of oleamide. This observation was however not connected
to any specific brand (20 tested) as different products from the same brand showed opposite results in some cases.
In this context, it is also important to point out that different batches of the same labware products may show
different results. It is highly probable, that labware manufacturers change the supplier of the plastic materials from
time to time. Due to the above reasons, brands of the labware used in this study are kept confidential.

Washing of oleamide from 5 mL plastic syringe was tested by performing consecutive rinsings with methanol
(Supplementary Fig. S4). Significant difference among peak areas of oleamide was observed between the first
and the second rinse, meaning that the largest amount of oleamide can be washed away if a pre-cleaning step is
included into the sample preparation procedure. Every next analysed syringe rinse (from 2" to 5%) revealed com-
parable extracted amount of oleamide. Even 25" rinsing with methanol could not completely rinse out all oleam-
ide from the plastic syringe (Table 1). This observation is reasonable, since as a lubricant, oleamide is intended to
constantly diffuse from the polymer to its surface*'.
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Other contaminants, observed in the LC-MS chromatograms of the analysed labware extracts, among which
the commonly occurring ones were tentatively identified, are listed in Supplementary Table S1. Some of them
are plastic additives with the function to improve the polymer functionality, performance and aging proper-
ties. According to their role, plastic additives can be divided to plasticizers, antioxidants, flame retandants, acid
scavengers, lubricants, antistatic agents, pigments, heat, light and thermal stabilisers'. In addition, some non
intentionally added substances could also be found as leachables and extractables. They may originate from the
starting polymer material or may appear as intermediates, decomposition or reaction products during polym-
erisation or thermal processing of the polymers*'. Although few other compounds besides oleamide, listed in
Supplementary Table S1, already appeared through the four-case studies (e.g. erucamide, oxidation products of
oleamide, bisphenol derivatives etc.) and could also represent analytical interference especially when untargeted
analyses are executed, their detailed studying was out of the scope of this manuscript and might be part of another
study. Some plastic migrants are known and are sometimes even declared in the technical specifications of certain
products. However, a huge number of leachables and extractables remains unidentified and their characterization
would be of future great importance®!.

In the last part of this study, oleamide and a plastic syringe extract, which showed to contain oleamide,
appeared to interfere with the current (inflammatory) bioassay as they exhibited activity. Several biological
studies have already reported anti-inflammatory activity of oleamide®~"* in concentration of 100 pg mL~!12,
In our employed bioassay system, oleamide showed small but significant (p < 0.001) anti-inflammatory activ-
ity in high doses (100 pgmL™"). Interestingly, methanolic extract of a 5mL laboratory plastic syringe showed
pro-inflammatory activity in concentration of 100 pugmL~! (p < 0.001). Presence of other impurities leaching
from the laboratory plastic syringe, as detected by UHPLC-ESI-MS, may contribute to this effect. Many impuri-
ties, leached from 5mL plastic syringe, were assigned as oleamide standard related compounds (Supplementary
Table S1). Although oleamide itself, found as major compound of a 5mL plastic syringe (case-study 1), showed
slightly anti-inflammatory activity in high doses, its combination with other impurities exhibited considerable
opposite effect. It is not clear whether this activity is attributed to some of the extracted impurities or certain
combination thereof. Interferences of oleamide along with some other plasticware leachables with other bioassays
have already been reported®'>!”. Consequently, filtration of samples using filters attached to plastic syringes,
could contribute to misleading results in the case vehicles are not handled the same way. The sample handling
procedure using contaminants-leaching labware (e.g. sample filtration through filters attached to plastic syringes)
should either be avoided or carefully executed for the purposes of bioassay screening and must be repeated for
the vehicle as well. Batch-to-batch variation of labware items should also be taken into account. Therefore, the
reliability of the already published bioassay studies, in which plastic labware has been part of the experiment, is
questioned. As an example of such questionable results, an in-house screening study of anti-/pro-inflammatory
activity of filtered 70%,q) ethanolic and 70%,q, acetonic extracts of Japanese knotweed, tested with the same bio-
logical assay, is presented (Supplementary Fig. S6). According to the experiment, both extracts in concentration
100 pg mL~! showed pro-inflammatory activity (Supplementary Fig. $6). Since all extracts were filtered through
a plastic syringe before the biological testing and having in mind the pro-inflammatory activity of the methanolic
extract of a plastic syringe in concentration of 100 pg mL ™! (Supplementary Fig. S5), the reliability of the obtained
results is questionable. Therefore, the extraction of the plant material and its further handling should be repeated
either by exclusion of all interfering laboratory materials or by filtering the vehicle as well, to prove the bioactivity
of the plant extracts themselves.

To summarize, by the current study oleamide was proven to interfere with analytical or bioassay results. Its
leaching from different labware was also confirmed and was not found to be related to a certain brand. Therefore,
the question, whether oleamide elaborated by the scientific literature is real analyte or just interference, should
be placed. Many publications report oleamide in various samples, predominantly of natural origin. Oleamide,
on the other hand is also a natural compound, which was found in the cerebrospinal fluid of sleep-deprived
animals®. It was isolated from green algae Codium fragile'' and Arctium lappa'? extracts, which showed potent
anti-inflammatory activity. It was also identified in the extract of a green alga Rhizoclonium hieroglyphicum®®.
However, it is not clear if authors were aware of oleamide problem or most importantly if they overlooked its
presence as a contaminant. Oleamide and other fatty acid amides (myristamide, palmitamide, linoleamide, elaid-
amide, stearamide and erucamide) were reported as main compounds contributing to the toxicity of a harmful
alga Prymnesium parvum". It may or may not be a coincidence that all these fatty acids are also used as lubricat-
ing agents in polymer industry®. Specific individual cases, where analytical results were erroneously interpreted
due to plastic contamination, were already mentioned. Namely, a study identified oleamide as a predominant
compound of the human meibum?®. However, this finding was already rejected by a subsequent study, where
oleamide was marked as plastic contamination of the human meibum samples?. Oleamide was also found as con-
taminant in geochemical samples and according to the authors of the study, has been introduced along with some
other contaminants during sampling or subsequent samples handling?. A study has identified oleamide in silk
extract of spider Pholcus beijingensis*', however authors of a later study, who also found oleamide as contaminant
in some ant cuticle samples have disagreed and verified that oleamide is originating from the laboratory plas-
ticware?®. Oleamide was also reported in some archaeological vessels samples, which enabled authors, although
aware of possible contamination, to connect its presence to vessels content of vegetal origin®. Recently, oleamide
was detected in 2 out of 7 commercial Stevia rebaudiana (Bert.) Bertoni extracts*? and in Cyperus esculentus rhi-
zome extract® although its plant origin have not been proven. Oleamide could have been involved in the analysed
extracts during extraction procedures. The authors of the latter study*® have stated to be aware about the presence
of oleamide in plastics and avoided contacts with plastic labware during their experimental work, though testing
of procedural blanks is not mentioned. However, leaching of oleamide from some non-plastic materials (proven
by the current study) is something new to the professional public and should also be taken into consideration in
the future.
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Therefore, all published results dealing with oleamide should be carefully considered, as it can in fact represent
a contaminant introduced in the sample through sample preparation methods* which employ plastic or other
labware (case-studies 1-4 and Table 1). Having this contamination in mind, a question regarding the reliability of
the already published oleamide related studies is raised.

The dual origin of oleamide (industrial lubricant and natural compound) makes its differentiation (analyte/
interference) extremely difficult and only carefully and well-designed experiments may help to rule out any pos-
sible contamination.

Conclusions

Through four unrelated analytical (phytochemical and pharmaceutical) case-studies and employing different ana-
lytical techniques (HPTLC, HPTLC-ESI-MS, HPTLC-APCI-MS, DI-ESI-MS, UHPLC-ESI-MS and 'H NMR),
plastic labware was found to leach oleamide into the contact solvents, recognised as compatible with the poly-
mer. Surprisingly, some non-plastic labware, such as glass vial inserts, were also found as source of oleamide. In
13 out of 28 tested labware item types, commonly used during sample handling, the presence of oleamide was
confirmed. Analysis of the labware items, purchased from 20 different manufacturers, demonstrated that leach-
ing of oleamide was not related to a certain brand. Due to oleamide interferences, careful interpretation of the
case-studies results was needed.

This clearly indicates the possibility of reporting false positive analytical results, especially when taking into
account the fact that oleamide can be found in nature as well. Many publications report oleamide as bioactive
compound isolated from natural sources, which can in fact be a lubricant interference leached from the used
labware.

Due to the measured anti-inflammatory effect of oleamide and the pro-inflammatory effect of the plastic
syringe extract in a TLR4-based bioassay, handling of a sample with contaminants-leaching labware (e.g. filtra-
tion) could represent a likely source of error in this bioassay. Although similar observations were reported for
other bioassays, the effect on this bioassay is considered for the first time.

Therefore, the reliability of the already published analytical and bioassay studies, performed using
oleamide-leaching labware, should be questioned.

This study aims to raise the awareness regarding oleamide-leaching labware and improve the quality of the
published results in the future. To prevent further misinterpretation of analytical and bioassay oleamide-related
data, few general strategies are proposed. In case of suspected oleamide interferences, one should test and thus
avoid using oleamide-leaching labware. For instance, if filtration is needed, an oleamide-free labware suitable
for filtration (e.g. glass tight syringe with mounted leachables-free filter type or pre-tested centrifuge tubes with
cellulose acetate membranes) can be employed. If the use of oleamide-leaching labware cannot be avoided, prepa-
ration of exact procedural blanks, by simulating each step of the sample preparation procedure, is recommended.
Finally, when chromatographic fractionation is included in the experiment, blanks can be prepared by fraction
collection of blank chromatographic (e.g. HPLC, (HP)TLC) runs. For straightforward and unequivocal identifi-
cation of oleamide from oleamide-leaching labware, de novo developed UHPLC-ESI-MS method, besides other
methods used in the case-studies, is proposed.

Data availability
All data generated or analysed during this study are included in this published article and its Supplementary
Information Files.

Received: 5 August 2019; Accepted: 20 January 2020;
Published online: 07 February 2020

References
1. Hahladakis, J. N, Velis, C. A., Weber, R., Iacovidou, E. & Purnell, P. An overview of chemical additives present in plastics: migration,
release, fate and environmental impact during their use, disposal and recycling. J. Hazard. Mater. 344, 179-199 (2018).
2. Ali Farajzadeh, M. et al. HPLC and GC methods for determination of lubricants and their evaluation in analysis of real samples of
polyethylene. Microchim. Acta. 153, 73-78 (2006).
3. Lau, O.-W. & Wong, S.-K. Contamination in food from packaging material. . Chromatogr. A. 882, 255-270 (2000).
4. Bisogno, T,, Sepe, N., De Petrocellis, L., Mechoulam, R. & Di Marzo, V. The sleep inducing factor oleamide is produced by mouse
neuroblastoma cells. Biochem. Biophys. Res. Commun. 239, 473-479 (1997).
5. Cravatt, B. E. et al. Chemical characterization of a family of brain lipids that induce sleep. Science. 268, 1506-1509 (1995).
6. Rueda-Orozco, P. E., Montes-Rodriguez, C. J., Ruiz-Contreras, A. E., Mendez-Diaz, M. & Prospero-Garcia, O. The effects of
anandamide and oleamide on cognition depend on diurnal variations. Brain Res. 1672, 129-136 (2017).
7. Mendelson, W. B. & Basile, A. S. The hypnotic actions of the fatty acid amide, oleamide. Neuropsychopharmacology. 25, S36-S39
(2001).
. McDonald, G. R. et al. Bioactive contaminants leach from disposable laboratory plasticware. Science. 322, 917 (2008).
9. Langstein, J., Hofstdder, F. & Schwarz, H. Cis-9,10-octadecenoamide, an endogenous sleep-inducing CNS compound, inhibits
lymphocyte proliferation. Res. Immunol. 147, 389-396 (1996).
10. Oh, Y. T. et al. Oleamide suppresses lipopolysaccharide-induced expression of iNOS and COX-2 through inhibition of NF-B
activation in BV2 murine microglial cells. Neurosci. Lett. 474, 148-153 (2010).
11. Moon, S.-M. et al. Oleamide suppresses inflammatory responses in LPS-induced RAW264.7 murine macrophages and alleviates paw
edema in a carrageenan-induced inflammatory rat model. Int. Immunopharmacol. 56, 179-185 (2018).
12. Yang, W.-S. et al. Antiallergic activity of ethanol extracts of Arctium lappa L. undried roots and its active compound, oleamide, in
regulating FceRI-mediated and MAPK signaling in RBL-2H3 cells. J. Agric. Food Chem. 64, 3564-3573 (2016).
13. European Patent Application No. 15168496.6. A Method of Treating Peripheral Inflammatory Disease. Applicants: Dublin City
University, Dublin 9 (IE), filing date May 20, 2015.
14. Cani, P. D. et al. Endocannabinoids-at the crossroads between the gut microbiota and host metabolism. Nat. Rev. Endocrinol. 12,
133-143 (2016).

oo

SCIENTIFIC REPORTS |

(2020) 10:2163 | https://doi.org/10.1038/s41598-020-59093-1


https://doi.org/10.1038/s41598-020-59093-1

www.nature.com/scientificreports/

15. Olivieri, A. et al. On the disruption of biochemical and biological assays by chemicals leaching from disposable laboratory
plasticware. Can. J. Physiol. Pharmacol. 90, 697-703 (2012).

16. Hiley, C. R. & Hoi, P. M. Oleamide: a fatty acid amide signaling molecule in the cardiovascular system? Cardiovasc. Drug Rev. 25,
46-60 (2007).

17. Watson, J. et al. Extraction, identification, and functional characterization of a bioactive substance from automated compound-
handling plastic tips. J. Biomol. Screening. 14, 566-572 (2009).

18. Dembitsky, V. M., Shkrob, I. & Rozentsvet, O. A. Fatty acid amides from freshwater green alga Rhizoclonium hieroglyphicum.
Phytochemistry. 54, 965-967 (2000).

19. Bertin, M. ., Zimba, P. V., Beauchesne, K. R., Huncik, K. M. & Moeller, P. D. R. Identification of toxic fatty acid amides isolated from
the harmful alga Prymnesium parvum Carter. Harmful Algae. 20, 111-116 (2012).

20. Nichols, K. K., Ham, B. M., Nichols, J. J., Ziegler, C. & Green-Church, K. B. Identification of fatty acids and fatty acid amides in
human meibomian gland secretions. Invest. Ophthalmol. Visual Sci. 48, 34-39 (2007).

21. Xiao, Y., Zhang, J. & Li, S. A two-component female-produced pheromone of the spider Pholcus beijingensis. J. Chem. Ecol. 35,
769-778 (2009).

22. Butovich, I. A. On the lipid composition of human meibum and tears: comparative analysis of nonpolar lipids. Invest. Ophthalmol.
Visual Sci. 49, 3779-3789 (2008).

23. Grosjean, E. & Logan, G. A. Incorporation of organic contaminants in geochemical samples and an assessment of potential sources
samples: examples from Geoscience Australia’s Marine Survey S282. Org. Geochem. 38, 853-869 (2007).

24. Lenoir, A., Cuvillier-Hot, V., Devers, S., Christidés, J.-P. & Montigny, F. Ant cuticles: a trap for atmospheric phthalate contaminants.
Sci. Total Environ. 441, 209-212 (2012).

25. Van de Velde, T. et al. Lipids, funerals, gifts and feasts: organic residue analysis on Merovingian ceramics from the Elversele burial
field (Belgium). J. Archaeol. Sci. Rep. 24, 30-38 (2019).

26. Bart, J. C.J. Plastic Additives: Advanced Industrial Analysis (Amsterdam, 2006).

27. Jug, U,, Glavnik, V., Vovk, I., Makuc, D. & Kamin, R. HPTLC and 'H NMR determination of the origin of impurities during isolation
of (4)-catechin from the Japanese knotweed in book of abstracts 24th International Symposium on Separation Sciences (ISSS 2018)
and 21st International Conference Analytical Methods and Human Health (AMHH 2018), Jasnd, Slovakia, June 17-20, 2018 (ed.
Hutta, M., Bodor, R., Halko, R.) 98.

28. Mezek, T., Simonovska, B. & Vovk, I. Thin-layer chromatographic method for the determination of lipid classes from zooplankton
species in book of abstracts 12th International Symposium on Separation Sciences, Lipica, Slovenia, 27-29 September 2006, Slovensko
kemijsko drustvo 2006, Liubljana, Slovenia (ed. Strli¢, M. & Buchberger, W.) 326-327.

29. Jork, H., Funk, W.,, Fischer, W. & Wimmer, H., Diinnschicht-Chromatographie. Reagenzien und Nachweismethoden, Bd. 1a,
Physikalishe und Chemische Nachweismethoden: Grundlagen, Reagenzien I 342-345 (Weinheim, 1989).

30. Jug, U., Glavnik, V., Kranjc, E. & Vovk, I. High-performance thin-layer chromatography and high-performance thin-layer
chromatography-mass spectrometry methods for the analysis of phenolic acids. J. Planar Chromatogr. 31, 13-22 (2018).

31. Glavnik, V., Vovk, I. & Albreht, A. High performance thin-layer chromatography-mass spectrometry of Japanese knotweed flavan-
3-ols and proanthocyanidins on silica gel plates. J. Chromatogr. A. 1482, 97-108 (2017).

32. Schink, A. K. et al. Anti-inflammatory effects of cinnamon extract and identification of active compounds influencing the TLR2 and
TLR4 signaling pathways. Food Funct. 9, 5950-5964 (2018).

33. Simonovska, B., Vovk, I, Glavnik, V. & Cerneli¢, K. Effects of extraction and high-performance liquid chromatographic conditions
on the determination of lutein in spinach. J. Chromatogr. A. 1276, 95-101 (2013).

34. Rodi¢, Z., Simonovska, B., Albreht, A. & Vovk, I. Determination of lutein by high-performance thin-layer chromatography using
densitometry and screening of major dietary carotenoids in food supplements. J. Chromatogr. A. 1231, 59-65 (2012).

35. Metlicar, V., Vovk, I. & Albreht, A. Japanese and bohemian knotweeds as sustainable sources of carotenoids. Plants. 8, https://doi.
org/10.3390/plants8100384 (2019).

36. Cravatt, B. E, Lerner, R. A. & Boger, D. L. Structure determination of an endogenous sleep-inducing lipid, cis-9-octadecenamide
(oleamide): a synthetic approach to the chemical analysis of trace quantities of a natural product. . Am. Chem. Soc. 118, 580-590
(1996).

37. Schaefer, A., Kiichler, T., Simat, T. J. & Steinhart, H. Migration of lubricants from food packagings. Screening for lipid classes and
quantitative estimation using normal-phase liquid chromatographic separation with evaporative light scattering detection. J.
Chromatogr. A. 1017, 107-116 (2003).

38. Divito, E. B., Davic, A. P,, Johnson, M. E. & Cascio, M. Electrospray ionization and collision induced dissociation mass spectrometry
of primary fatty acid amides. Anal. Chem. 84, 2388-2394 (2012).

39. Montaudo, G. & Puglishi, C. Direct Pyrolysis Of Polymers Into The Ion Source of A Mass Spectrometer (DP-MS) In Mass Spectrometry
of Polymers (ed. Montaudo, G.; Lattimer, R. P.) 191-246 (Boca Raton, 2002).

40. Bengstrom, L. Chemical identification of contaminants in paper and board food contact materials. Dissertation, Technical
University of Denmark (2014).

41. Bradley, E. & Coulier, L. An investigation into the reaction and breakdown products from starting substances used to produce food
contact plastics, Report FD 07/01 (2007).

42. Vega-Morales, T. et al. Chemical composition of industrially and laboratory processed Cyperus esculentus rhizomes. Food Chem.
297, https://doi.org/10.1016/j.foodchem.2019.05.170 (2019).

43. Formigoni, M. et al. Analysis of commercial stevia extracts composition by HPLC and UHPLC-MS-MS-QToF. Chem. Eng. Trans.
75, 355-360 (2019).

44. Weber, R. J. M., Li, E., Bruty, J., He, S. & Viant, M. R. MaConDa: a publicly accessible mass spectrometry contaminants database.
Bioinformatics. 28, 2856-2857 (2012).

Acknowledgements

The authors would like to acknowledge the financial support from the Slovenian Research Agency (research
core funding No. P1-0005 and “Young Researchers” programme), Slovenian Ministry of Education Science and
Sport & EU - European Regional Development Fund for the funding of the research project C3330-17-529013,
the bilateral project financed by the Slovenian Research Agency (ARRS) BI-DE-17-19-14 and the Deutscher
Akademischer Austauschdienst (DAAD) Project ID: 57366807, and Merck KGaA, Germany, for donating
HPTLC plates. Moreover, the authors would like to express their most sincere gratitude to dr. Zoran Kitanovski
and dr. Alen Albreht for the constructive suggestions during the writing of the manuscript.

Author contributions

U.J. and K.N. conceived and designed the study. I.V. supervised the study. J.P. and K.L. supervised the NMR and
the biological part of the study, respectively. U.J., K.N., V.M., A.S. and D.M. carried out the experiments. U.J. and
K.N. interpreted the data and wrote the manuscript. All authors contributed to the discussion of the results and
provided critical feedback on the manuscript.

SCIENTIFICREPORTS|  (2020) 10:2163 | https://doi.org/10.1038/s41598-020-59093-1


https://doi.org/10.1038/s41598-020-59093-1
https://doi.org/10.3390/plants8100384
https://doi.org/10.3390/plants8100384
https://doi.org/10.1016/j.foodchem.2019.05.170

www.nature.com/scientificreports/

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-020-59093-1.

Correspondence and requests for materials should be addressed to I.V.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

M | icense, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2020

SCIENTIFICREPORTS|  (2020) 10:2163 | https://doi.org/10.1038/s41598-020-59093-1


https://doi.org/10.1038/s41598-020-59093-1
https://doi.org/10.1038/s41598-020-59093-1
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Interference of oleamide with analytical and bioassay results

	Materials and Methods

	Interference of oleamide with analytical results (Case study 1 – Case study 4). 
	Case-study 1: Multi-dimensional (HP)TLC fractionation of Japanese knotweed rhizome extract, followed by fraction structural ...
	Case-study 2: HPLC fractionation of cinnamon extract and identification of the unknown analytes by direct injection (DI)-ES ...
	Case-study 3: HPTLC-APCI-MS analysis of Japanese knotweed leaves extract. 
	Case-study 4: Quality control of an active pharmaceutical ingredient (API) using UHPLC-ESI-MS. 
	UHPLC-ESI-MS method for determination of oleamide-leaching labware. 
	Interference of oleamide and other plastic extractables with bioassay results. 


	Results

	Interference of oleamide with analytical results (Case study 1 – Case study 4). 
	Case-study 1: Multi-dimensional (HP)TLC fractionation of Japanese knotweed rhizome extract, followed by fraction structural ...
	Case-study 2: HPLC fractionation of cinnamon extract and identification of the unknown analytes by direct injection (DI)-ES ...
	Case study 3: HPTLC-APCI-MS analysis of Japanese knotweed leaves extract. 
	Case-study 4: Quality control of an active pharmaceutical ingredient (API) using UHPLC-ESI-MS. 
	UHPLC-ESI-MS method for determination of oleamide-leaching labware. 
	Interference of oleamide and other plastic extractables with bioassay results. 


	Discussion

	Conclusions

	Acknowledgements

	﻿Figure 1 Chromatogram of extracts obtained after multiple extractions of labware: PVDF (d = 25 mm, 1), PVDF (d = 8 mm, 2), PVDF filter paper (3), H-PTFE (4), regenerated cellulose (5), plastic syringe (20 mL, 6), plastic syringe (5 mL, 7), plastic centri
	Figure 2 DI-ESI-MS spectra in positive mode, corresponding to: eugenol ethanolic standard solution analysed after filtration (a), ethanol as blank, analysed without filtration (b) and eugenol ethanolic standard solution filtered using centrifuge tubes con
	Fi﻿gure 3 Chromatograms of: blank (90% acetone(aq):1 M TEAA with pH 7 85:15, v/v) without filtration (1), filtered blank (2), oleamide methanolic standard solution (3), and filtered Japanese knotweed leaves extract (4, 5).
	Figure 4 TIC chromatograms of: filtered API solution (a), methanolic extract of 5 mL plastic syringe (b) and blank (c).
	﻿Table 1 Extracts of disposable laboratory materials obtained after single (S) or multiple (M) extractions and tested for presence of oleamide (m/z 282) with either DI-MS or LC-MS method.
	﻿Table 2 Mass spectra signals obtained with HPTLC-(+)ESI-MSn analysis of the HPTLC zones in the tracks of 5 mL and 20 mL plastic syringe extracts (Figure S1).




