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ONLINE APPENDIX – Supplemental Material 
 
 
 
BIOCHEMICAL ANALYSES 
Analysis of [11C]-palmitate blood radioactivity:  Plasma [11C]-palmitate radioactivity was measured 
using method described  by Arai et al. (1) and unmetabolized fraction was used for image analyses.  
In half of the MS group participating in the VLCD intervention (n=8), the metabolized fraction of 
[11C]-palmitate was estimated. Chromatographic analysis of unmetabolized [18F]-FTHA: 
Deproteinized plasma samples and standard were applied band-wise on TLC plates with an 
automatic sampler (Camag Automatic TLC Sampler III, Muttenz, Switzerland). The authentic 
labelled compound was used as the standard. A 20 μl aliquot of each sample was applied on a 
HPTLC-RP18-plate (Merck, Darmstadt, Germany). After the migration the plates were placed into 
an exposure cassette with an imaging plate (Fuji BAS-TR2025, Fuji, Tokyo, Japan) for 4 ± 0.5 h. 
The imaging plate was then scanned with a laser at 200 μm spatial resolution (Fuji BAS-1800). The 
unmetabolized fractions of [18F]-FTHA were measured with an image analysis program (Aida 4.06, 
Raytest, Isotopenmessgeräte Gmbh, Straubenhardt, Germany) and used for image analyses.  
Other measurements: OGTT was done in the screening visit with 75 g of glucose and blood samples 
were drawn at 0, 60 and 120 minutes. Glucose was determined with glucose oxidase method 
(Analox GM9 Analyzer, Analox Instruments Ltd. London, U.K). Serum FFAs were measured by 
the enzymatic colorimetric method (ACS-ACOD method, Wako Chemicals, USA Inc. VA, USA) 
with a Roche Modular P800 automatic analyzer. Serum insulin was measured using an automated 
time-resolved immunofluorometric assay (Autodelfia, Wallac, Turku, Finland). HOMA 
(homeostasis model assessment) index was calculated as (fasting serum insulin × fasting plasma 
glucose)/22.5 and is considered to estimate insulin sensitivity (2).  
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BIODISTRIBUTION OF [18F]-FTHA AND [1-13C]-PALMITATE IN THE BRAIN; 
AN IN VIVO VALIDATION STUDY 
 
To validate the biodistribution of both [18F]-FTHA and palmitate in brain, we used data from in 
vivo pig [18F]-FTHA biodistribution study, already published by Guiducci et al (1) and completed 
the study by analyzing the biodistribution of stable [13C]-palmitate from freezed brain samples 
obtained from the same animals. The study protocol and analysis of [18F]-FTHA has been described 
elsewhere (1). For short eight pigs were studied either during fasting (n=4) or euglycemic 
hyperinsulinemia (n=4). Access to food was withdrawn at least 16 h prior to the study. From these 
[18F]-FTHA pigs, 4 received a bolus dose of 180 mg of [1-13C]-palmitate two hours prior the 
injection of [18F]-FTHA, three pigs were studied in fast and 1 in clamp. Additional two pigs were 
studied with [1-13C]-palmitate in clamp without [18F]-FTHA; otherwise the study protocol was 
identical. The animals were anesthetized with ketamine and pancuronium and mechanically 
ventilated. Catheters were placed in the jugular vein, carotid artery and femoral vein for the 
administration of glucose, insulin and [18F]-FTHA and for the sampling of arterial blood. [18F]-
FTHA (321±50 MBq) was administered by a rapid intravenous injection. At 1 h after [18F]-FTHA 
injection (three hours from [1-13C]-palmitate bolus) , the animals were sacrificed through an 
injection of potassium chloride and an overdose of anaesthetic and the brains were rapidly collected 
and stored in a freezer in -70 degree of Celsius.  
 
Brain [1-13C]-palmitate analysis 
To determine isotopic enrichment in the brain, total lipids were first extracted from portions of 
cerebral cortex. The samples were weighed before being homogenised with 5 ml 
chloroform/methanol (2:1, v/v) containing 100 mg/L butylated hydroxytoluene. The solvent was 
transferred to a glass 10 mL tube and the homogeniser was rinsed with a further 2.5 ml 
chloroform/methanol, which was added to the tube together with 0.75 ml saline and internal 
standard (heptadecanoic acid, triheptadecanoin and L-α-phosphatidylcholine, diheptadecanoyl for 
non-esterified fatty acids (FA), triglycerides (TG) and phospholipids (PL) respectively, Sigma-
Aldrich Company Ltd, Gillingham, UK). FA, TG, PL and CE fractions separated by solid phase 
extraction, fatty acid methyl ester derivatives prepared and the samples were run on a GC to 
measure fatty acid composition as previously described (2). The 13C/12C ratio in the FAME 
derivatives were determined using a ‘Delta Plus XP’ GC-combustion-isotope ratio MS (GC-C-
IRMS) (Thermo Electron Corporation). FAMEs were converted to CO2 by heating at 940°C in the 
presence of Pt/CuO/NiO, and the 13CO2/12CO2 ratio was determined using tricosanoic acid methyl 
ester as an isotopic enrichment standard (2). This was verified on each run by including a certified 
standard of eicosanoic acid FAME (The Department of Geological Sciences, Indiana University, 
USA). The retention times of individual fatty acids were verified using a reference material 
(AOCS#6, RM-6, Thames Restek UK Ltd, Bucks, UK) containing known proportions of the fatty 
acids of interest. The 13C enrichments results expressed as δ13C 0/00 were converted to tracer-tracee 
(TTR) ratio using the following formula: TTR (13C/12C) = (δ13C 0/00 /1000) +1) × 0.0112372. The 
concentration of 13C incorporated into the 13C fatty acid moiety of each fraction was calculated by 
multiplying the TTR by the concentration of palmitate in the fraction, determined by gas 
chromatography and by multiplying by 17/16 (to account for the methyl group added during 
derivatization). Partitioning of the tracers between fatty acids (FA), glycerol ester or triglyceride, 
phospholipids and hydrophilic pools in brain samples are expressed as radioactivity in 1 gram of 
brain tissue divided by the injected dose (%ID/g). The analysis of [1-13C]-palmitate was done using 
water extraction so no hydrophilic pool was measured. From a study done by Miller et al.(3), we 
approximated the hydrophilic pool from brain palmitate radioactivity curve at three hour time point 
to account a little less than 38%. 
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Brain [18F]-FTHA analysis 
The analysis part has been described in detail elsewhere (1). The method for separation of the water 
from the organic fraction in the [18F]-FTHA study (1) results that the organic fraction contains also 
cholesteryl esters in addition to fatty acids, phospholipids and glycerol esters. The cholesteryl esters 
were not specifically measured in [1-13C]-palmitate study part, so their amount was estimated from 
literature (4) to be 2.35 micrograms per gram of cerebral grey matter. This estimation did not 
change the results. 
 
Statistics 
All data are expressed as mean ± standard deviation (SD). The Student paired t-test is used for 
comparison of tracer. A p-value less than 0.05 is considered statistically significant.  
 
Results 
The results are shown in Table 3 in the original article. More than 69% of [18F]-FTHA total 
radioactivity (%ID/g) was recovered in the brain lipid pool and approximately 31% was found in 
hydrophilic pool. Within the lipid pool, [18F]-FTHA was mostly found in the triglyceride pool. 
From [1-13C]-palmitate approximately 62% was found in brain lipid pool and from there mainly 
from the phospholipids.    
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ANALYSIS OF PET IMAGES 
 
Regional analysis of PET images  
PET images were analyzed using an automated region of interest (ROI) analysis including  spatial 
normalization of PET images and application of a common ROI set in the stereotactic image space 
(1). First, a PET-PET co-registration procedure was applied when two [18F]-FTHA images were 
acquired from the same individual (2). Due to the low signal in the [11C]-palmitate images, 
sequential PET images were not co-registered prior to spatial normalization. Spatial normalization 
was done with SPM2 (3) running on Matlab (version 7.3.0.267, Math Works, Natick, MA). For 
[18F]-FTHA images, a ligand-specific normalization template was first created (4) and spatial 
normalization parameters were estimated from summated (integrated over 10-20 minutes time from 
injection) PET images. For subjects with two [18F]-FTHA images, the spatial normalization 
parameters were acquired from the mean of co-registered summated PET images (2). For [11C]-
palmitate, an MRI-aided normalization was used (4). Spatial normalization parameters were then 
applied to each parametric fractional uptake rate (FUR) image, and then mean voxel value within 
each ROI was calculated using Imadeus software (version 1.2., Forima Inc., Turku, Finland). 
Regional FUR values were multiplied with fatty acid concentration to yield the uptake estimates for 
[11C]-palmitate and [18F]-FTHA.  
 
Voxel-level analysis of PET images   
Statistical testing was also carried out voxel-wise using SPM2. Statistically normalized parametric 
FUR images were first smoothed using a 12-mm Gaussian kernel. To explore the change following 
VLCD treatment, a paired samples T-test was used. As fatty acid uptake values are quantitative in 
nature, no scaling of voxel values was performed. Cluster-level corrected p values are reported for 
the most significant clusters, considering 0.05 a criterion for statistical significance.  
 
Statistical analyses of regional FUR estimates  
All datasets were normally distributed except [18F]-FTHA baseline data, which was therefore 
transformed with the natural logarithm, after which parametric statistical tests were used. Analyses 
were carried out using repeated-measures analysis of variance (rmANOVA). In the baseline 
comparisons, group status entered as a fixed between-subject factor and was considered the main 
effect of interest. Scanner entered as a between-subject covariate to account for possible scanner 
effects, and brain region entered as a within-subject factor to assess regional variation within the 
main effects. In the VLCD comparison repetition entered as a fixed between-subject factor and was 
considered the main effect of interest, and brain region entered the model as another within-subject 
factor. If the group × region interaction was significant in the baseline comparison, ANOVA 
models were built predicting uptake values with group status and scanner in each brain region 
separately. If the group × region interaction was significant in the VLCD comparison, a paired T-
test was used to assess the change in regional uptake values. In all the datasets, to control positive 
bias, due to violation of sphericity assumption associated with interaction terms including within-
subject factor with 3 or more levels, Mauchly´s test of sphericity was performed and degrees of 
freedom in the averaged tests of significance were adjusted using the Greenhouse-Geisser method. 
All values are expressed as mean ± standard deviation (SD). P values less than 0.05 were 
considered statistically significant.  
 
REFERENCES 
 1.  Hirvonen,J, van Erp,TG, Huttunen,J, Nagren,K, Huttunen,M, Aalto,S, Lonnqvist,J, Kaprio,J, 

Cannon,TD, Hietala,J: Striatal dopamine D1 and D2 receptor balance in twins at increased 
genetic risk for schizophrenia. Psychiatry Res. 146:13-20, 2006 



©2010 American Diabetes Association. Published online at http://diabetes.diabetesjournals.org/cgi/content/full/db09-0138/DC1 
 

 2.  Hirvonen,J, Kajander,J, Allonen,T, Oikonen,V, Nagren,K, Hietala,J: Measurement of 
serotonin 5-HT1A receptor binding using positron emission tomography and [carbonyl-
(11)C]WAY-100635-considerations on the validity of cerebellum as a reference region. 
J.Cereb.Blood Flow Metab 27:185-195, 2007 

 3.  Friston K.J., Holmes A.P., Worsley K.J., Poline J., Frith C.D., Frackowiak R.S.J.: Statistical 
parametric maps in functional imaging. Human Brain Mapping 2:189-210, 1995 

 4.  Meyer,JH, Gunn,RN, Myers,R, Grasby,PM: Assessment of spatial normalization of PET 
ligand images using ligand-specific templates. Neuroimage. 9:545-553, 1999 

 
 
 


