Metabolomic methodology

For metabolomics analyses, HBMECs were exposed in triplicate to 0, 5, 50, and 100 uM of morphine for
24 h. Cells were scraped after quenching metabolism with 1 mL of ice-cold methanol containing 1 uM of
technical internal standards CHES and HEPES (Sigma-Aldrich, St. Louis, USA) [1] and stored in 1.5 mL
Eppendorf tubes at -80°C until assayed. Pooled quality controls (QCs) were prepared by mixing equal
amounts of each sample. Four hundred pL of samples and QCs were evaporated to dryness for 2 hours
using a SpeedVac (SC210 A, Thermo Fisher Scientific, Waltham, MA, USA), reconstituted in 80 pL of
isopropanol:water (80:20 v/v), vortexed for 10 s, mixed at 700 rpm for 15 min at 4 °C (Thermomixer C,
Eppendorf, Hamburg, Germany), and centrifuged at 16,230 g for 15 min at 4 °C (5810 R, Eppendorf). A

volume of 70 plL was transferred to a LC vial and 5 pL was injected for analysis.

The metabolomics profiling was based on Pezzatti et al. [2] using a flow-through needle H-Class Acquity
UHPLC system coupled to a Vion TWIMS-qTOF MS (Waters, Milford, MA, USA). Sample manager was set
at 4°C and injection volume was 5 pL. HILIC separations were performed on an Atlantis Premier BEH zHILIC
analytical column (2.1 x 150 mm, 1.7 um) and with a 5 mm guard column. Solvent A was water (Optima,
Fisher Scientific) containing 10 mM ammonium acetate (LiChropur, Sigma-Aldrich) adjusted to pH 9.3 with
ammonium hydroxide (28 % NH3, Sigma-Aldrich) and solvent B was acetonitrile (Optima, Fisher Scientific).
MS analysis was performed in negative electrospray ionization mode over a mass range of 50 — 1000 m/z
with a scan time of 0.5 s. The source parameters were as follows: capillary energy: -0.6 kV; cone voltage:
40 V; source temperature: 120 °C; desolvation temperature: 500 °C; cone and desolvation gas flows were
50 and 800 L/h, respectively. Analysis was performed in MSE acquisition mode (ramp 15— 60 V). Lock mass
was leucine-enkephalin (m/z 554.2615 in negative mode) infused at 1 min intervals. UNIFI v.1.9.3 software

(Waters) was used for instrument control and data acquisition.

Raw files were exported to MassLynx v. 4.1 (Waters) for file conversion to .raw format and centroiding.
Then, files were further converted to .mzML format and lock mass scans removed using ProteoWizard [3].
Quality of the acquisitions was checked using MZmine 2.53 [4] and pre-processing was done in MS-DIAL
4.70 [5], following the workflow of Meister et al.[1]. Identifications were based on an in-house compound
library containing 597 compounds [2]. A total of 104 compounds were annotated: 51 based on accurate
mass and retention time (AMRT) and 53 on accurate mass (AM) only. Peak areas exported from MS-DIAL

were MS drift corrected [6] and normalized by probabilistic quotient normalization using QC medians.
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