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Insulin Tolerance Test: Here, mice were deprived of food for 6h and received an i.p. injection 

of 1.0 IU•kgbw
-1

 insulin (Insuman Rapid, Sanofi, Germany). Blood glucose was measured 

before injecting insulin and 10, 20, 30, 40, and 60 min after injection using a commercial 

glucose sensor (Ascensia Elite XL and Elite Sensor, Bayer Vital GmbH, Germany) (Schuster 

et al., 2018, Dapper et al., 2019). 

Leptin restistance test (LRT): Body weights of individually housed mice were monitored for 5 

days after they repeatedly received intraperitoneal leptin injections (2 µg•kgbw
-1

) at 09:00 and 

17:00 at d1-d3 and only at 9:00 at d4) (Dapper et al., 2019). Prior to leptin injections, food 

was deprived for 3 h. 
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Alkyne Oleate Supplement and Incubation: Dissected mouse brains were immediately 

embedded in artificial cerebrospinal fluid (aCSF; 6.25 mM NaHCO3, 31 mM NaCl, 0.65 mM 

KCl, 0.25 mM MgCl2, 0.5 mM CaCl2, 0.35 NaH2PO4, 6.25 mM glucose) containing 4% 

agarose before slicing (bregma level -1,4 to -1.9, 250 µm thickness, vibratome) in ice-cold, 

oxygenated aCSF. The time between sacrificing the animal and incubating the slices was less 

than 1 h. For lipid distribution and metabolism analyses, these slices were cultured at 37°C in 

medium (50% DMEM, 25% horse serum, 25% Hanks Balanced Salt Solution, 25 mM 

glucose, all Gibco, Thermo Fisher Scientific, Dreieich, Germany) containing 50 mM alkyne 

oleate for 2h while constantly oxygenating the  medium with carbogen (O2/CO2 95/5 v/v) 

(Hofmann et al., 2017).  

Semi-quantification of Microscopy Images: In Fig. 5, an equal threshold was applied to lipid 

channel images in order to correct for noise determined from images of samples lacking 

alkyne lipid. To analyze the spatial alkyne lipid distribution, two regions of interest (ROI) 

were employed, the first covering the tanycyte cell layer, the second the region of ARC. The 

former included on average an 8,000 µm2 area boxing the tanycyte front layer. The latter ROI 

was directly next to the boundaries of the first ROI and included the remainder of all 

hypothalamic ARC cells covered in the image (≈ 50,000 µm2). The “area of lipid signal” was 

quantified using the “analyse particles feature” in Fiji. For normalization, the nuclei in both 

ROIs were manually counted. For blinded quantification of LDs (Fig. 4), an equal threshold 

was applied to all corresponding channels of all corresponding images to correct for noise. 

The “LD signal” was quantified using the “analyse particles feature” in Fiji, applied to a ROI 

covering the tanycyte layer. For normalization, the nuclei in the tanycyte layer were manually 

counted. In Fig. 6, an equal threshold was applied to all corresponding channels of all 

corresponding images to correct for noise. “GFAP Signal” and “DAPI Signal” were 
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quantified using the “analyse particles feature” in Fiji, applied to a ROI covering the ARC 

region as described above. 

 

LC-MS analyses of lipids: The lipid profiles in plasma and hypothalami were analyzed 

according to other published methods (Othman et al., 2012, Pellegrino et al., 2014) with slight 

modifications. : For LC-MS analyses, slices of hypothalami (bregma level -1,4 to -1.9, 250 

µm thickness, vibratome) were homogenized in 120 µl phosphate buffer (containing 0.2% 

Triton X-100). Then, 5 µl of this homogenate were used for protein analysis for normalization 

according to the Bradford method (Sigma-Aldrich, Taufkirchen, Germany). To 20 µl of the 

sample (plasma or homogenate, see above), 1 ml of a mixture of methanol: MTBE: 

chloroform (MMC) 1.33:1:1 (v/v/v) was added. The MMC was fortified with the SPLASH 

mix of internal standards (Avanti Lipids). After brief vortexing, the samples were 

continuously mixed in a Thermomixer (Eppendorf) at 25 °C (950 rpm, 30 min). The protein 

precipitate was obtained after centrifugation for 10 min, 16,000 g, 25 °C. The single-phase 

supernatant was collected, dried under N2, and stored at -20 °C until analysis. Before analysis, 

the dried lipids were re-dissolved in 100µL MeOH:Isopropanol (1:1). Liquid chromatography 

and mass spectrometry (LC-MS) scan were performed as described previously (Narvaez-

Rivas and Zhang, 2016) with some modifications The following lipid classes were identified 

in the current study: aclycarnitines; phosphoglycerolipids (phosphatidylcholines, 

phospatidylethanolamines, phosphatidylinositols, phosphatidylglycerols and 

phosphatidyserines); sphingolipids (sphingoid base phosphates, ceramides, deoxyceramides, 

monohexosylceramides and sphingomyelins); and glycerolipids (diaclyglyerols, 

triacylglyercerols). LC-MS data analysis was performed using TraceFinder software 4.1 

(ThermoScientific) for peak picking, annotation, and matching to the in-house fragmentation 

database. For liquid chromatography, lipids were separated using C30 reverse-phase 
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chromatography. Dionex Ultimate 3000 RS pump (Thermo Scientific) was used with the 

following mobile phases:  A) Acetonitrile:Water (6:4) with 10mM ammonium acetate and 

0.1% formic acid and  B) Isopropanol: Acetonitrile (9:1) with 10mM ammonium acetate and 

0.1% formic acid. The C30 Accucore LC column (Thermo Scientific) with the dimensions 

150mm * 2.1mm * 2.6µm was used. The following gradient was used with a flow rate of 0.26 

ml/minutes; 0.0-0.5 minutes (isocratic 30%B), 0.5-2 minutes (ramp 30-43% B), 2.10-12.0 

minutes (ramp 43-55%B), 12.0-18.0 minutes (ramp 65-85%), 18.0-20.0 minutes (ramp 85%-

100%B), 20-35 minutes (isocratic 100%B), 35-35.5 minutes (ramp 100-30% B), and 35.5-38 

minutes (isocratic 30%B). 

The liquid chromatography was coupled to a hybrid quadrupole-orbitrap mass spectrometer 

(Q-Exactive, Thermo Scientific). A data-dependent acquisition with positive and negative 

polarity switching was used. A full scan was employed, scanning from 220-3000m/z at a 

resolution of 70000 and AGC Target 3e6 while data-dependent scans (top10) were acquired 

using normalized collision energies (NCE) of 25, 30 and a resolution of 17,500 and AGC 

target of 1e5. The lipids were identified using four criteria; 1) high accuracy and resolution 

with an accuracy within m/z within 5 ppm shift form the predicted mass and a resolving 

power 70000 at 200 m/z; 2) isotopic pattern fitting to expected isotopic distribution; 3) 

comparing the expected retention time to an in-house database; and 4) the fragmentation 

pattern matching to an in-house, experimentally validated, lipid fragmentation database. 

Quantification was done using single-point calibration by comparing the area under the peak 

of each ceramide species to the area under the peak of the internal standard. Quality controls 

using a mixture of all samples were used in 4 concentrations (1x, 0.5x, 0.25x, and 0.125x). 

Triplicates on the QCs were measured, and the CV% for each of the lipids reported was below 

20%. 

 



5 
 

 

Reference List 

 

DAPPER, C., SCHUSTER, F., STOLTING, I., VOGT, F., CASTRO E SOUZA, L. A., ALENINA, N., BADER, M. & 
RAASCH, W. 2019. The antiobese effect of AT1 receptor blockade is augmented in 
mice lacking Mas. Naunyn Schmiedebergs Arch Pharmacol, accepted. 

NARVAEZ-RIVAS, M. & ZHANG, Q. 2016. Comprehensive untargeted lipidomic analysis using core-
shell C30 particle column and high field orbitrap mass spectrometer. J Chromatogr A, 
1440, 123-134. 

OTHMAN, A., RUTTI, M. F., ERNST, D., SAELY, C. H., REIN, P., DREXEL, H., PORRETTA-SERAPIGLIA, C., 
LAURIA, G., BIANCHI, R., VON ECKARDSTEIN, A. & HORNEMANN, T. 2012. Plasma 
deoxysphingolipids: a novel class of biomarkers for the metabolic syndrome? 
Diabetologia, 55, 421-31. 

PELLEGRINO, R. M., DI VEROLI, A., VALERI, A., GORACCI, L. & CRUCIANI, G. 2014. LC/MS lipid profiling 
from human serum: a new method for global lipid extraction. Anal Bioanal Chem, 
406, 7937-48. 

SCHUSTER, F., HUBER, G., STOLTING, I., WING, E. E., SAAR, K., HUBNER, N., BANKS, W. A. & RAASCH, 
W. 2018. Telmisartan prevents diet-induced obesity and preserves leptin transport 
across the blood-brain barrier in high-fat diet-fed mice. Pflugers Arch. 

 


