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No Difference in Glycosphingolipid Metabolism and Mitochondrial 

Function in Glucocorticoid-Induced Insulin Resistance in Healthy Men 
 

 

Brands M, van Raalte DH, João Ferraz M, Sauerwein HP, Verhoeven AJ, Aerts JM, Diamant M, Serlie 

MJ 

 

 

Objective: Glucocorticoids (GCs) are well known to induce insulin resistance; however, mechanisms 

that cause the impairement of the insulin signaling pathway have not yet been identified. In this 

study we measured whether GC-induced insulin resistance in humans is related to changes in muscle 

ceramide, GM3, and muscle mitochondrial function. 

Methods: In a randomized, placebo-controlled, double-blind, dose-response intervention study, 32 

healthy males (aged 22 ± 3 years; body mass index 22.4 ± 1.7 kg/m2) were allocated to prednisolone 

(PRED) 7.5 mg once daily (n = 12), PRED 30 mg once daily (n = 12), or placebo (n = 8) for 2 weeks 

using block randomization. Insulin sensitivity was measured by hyperinsulinemic-euglycemic clamp 

before and after treatment. Muscle biopsies were performed to measure ceramide, 

monosialodihexosylganglioside (GM3), and mitochondrial function. 

Results: Peripheral insulin sensitivity was dose dependently decreased after the PRED treatment. 

Muscle ceramide and GM3 concentration and mitochondrial function were not altered by 2 weeks of 

PRED treatment. 

Conclusion: Short-term GC treatment dose dependently impaired whole-body insulin sensitivity in 

healthy males, without concomitant changes in muscle ceramide, GM3, or mitochondrial function. 

These findings suggest that other mechanisms play a role in GC-related impairment of insulin 

sensitivity. 

 

 

J. Clin. Endocrinol. Metab. (2013) 98(3):1219–1225. 

 

  

284



Fetal Asphyxia Induces Acute and Persisting Changes in the Ceramide 

Metabolism in Rat Brain 
 

 

Vlassaks E, Mencarelli C, Nikiforou M, Strackx E, Ferraz MJ, Aerts JM, De Baets MH, Martinez-

Martinez P, Gavilanes AW 

 

 

Fetal asphyctic preconditioning, induced by a brief episode of experimental hypoxia-ischemia, offers 

neuroprotection to a subsequent more severe asphyctic insult at birth. Extensive cell stress and 

apoptosis are important contributing factors of damage in the asphyctic neonatal brain. Because 

ceramide acts as a second messenger for multiple apoptotic stimuli, including hypoxia/ischemia, we 

sought to investigate the possible involvement of the ceramide pathway in endogenous 

neuroprotection induced by fetal asphyctic preconditioning. Global fetal asphyxia was induced in 

rats by clamping both uterine and ovarian vasculature for 30 min. Fetal asphyxia resulted in acute 

changes in brain ceramide/sphingomyelin metabolic enzymes, ceramide synthase 1, 2, and 5, acid 

sphingomyelinase, sphingosine-1-phosphate phosphatase, and the ceramide transporter. This 

observation correlated with an increase in neuronal apoptosis and in astrocyte number. After birth, 

ceramide and sphingomyelin levels remained high in fetal asphyxia brains, suggesting that a long-

term regulation of the ceramide pathway may be involved in the mechanism of tolerance to a 

subsequent, otherwise lethal, asphyctic event. 

 

 

J. Lipid Res. (2013) 54(7):1825–1833. 
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Perilipin 2 Improves Insulin Sensitivity in Skeletal Muscle Despite 

Elevated Intramuscular Lipid Levels 
 

 

Bosma M, Hesselink MK, Sparks LM, Timmers S, Ferraz MJ, Mattijssen F, van Beurden D, Schaart G, 

de Baets MH, Verheyen FK, Kersten S, Schrauwen P 

 

 

Type 2 diabetes is characterized by excessive lipid storage in skeletal muscle. Excessive 

intramyocellular lipid (IMCL) storage exceeds intracellular needs and induces lipotoxic events, 

ultimately contributing to the development of insulin resistance. Lipid droplet (LD)–coating proteins 

may control proper lipid storage in skeletal muscle. Perilipin 2 (PLIN2/adipose differentiation– 

related protein [ADRP]) is one of the most abundantly expressed LD-coating proteins in skeletal 

muscle. Here we examined the role of PLIN2 in myocellular lipid handling and insulin sensitivity by 

investigating the effects of in vitro PLIN2 knockdown and in vitro and in vivo overexpression. 

PLIN2 knockdown decreased LD formation and triacylglycerol (TAG) storage, marginally increased 

fatty-acid (FA) oxidation, and increased incorporation of palmitate into diacylglycerols and 

phospholipids. PLIN2 overexpression in vitro increased intramyocellular TAG storage paralleled 

with improved insulin sensitivity. In vivo muscle-specific PLIN2 overexpression resulted in 

increased LD accumulation and blunted the high-fat diet–induced increase in protein content of the 

subunits of the oxidative phosphorylation (OXPHOS) chain. Diacylglycerol levels were unchanged, 

whereas ceramide levels were increased. Despite the increased IMCL accumulation, PLIN2 

overexpression improved skeletal muscle insulin sensitivity. We conclude that PLIN2 is essential for 

lipid storage in skeletal muscle by enhancing the partitioning of excess FAs toward TAG storage in 

LDs, thereby blunting lipotoxicity-associated insulin resistance. 

 

 

Diabetes (2012) 61(11):2679–2690.  
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Fasting-Induced Myocardial Lipid Accumulation in Long-Chain Acyl-

CoA Dehydrogenase Knockout Mice Is Accompanied by Impaired Left 

Ventricular Function 
 

 

Bakermans AJ, Geraedts TR, van Weeghel M, Denis S, João Ferraz M, Aerts JM, Aten J, Nicolay K, 

Houten SM, Prompers JJ 

 

 

Background—Lipotoxicity may be a key contributor to the pathogenesis of cardiac abnormalities in 

mitochondrial long-chain fatty acid β-oxidation (FAO) disorders. Few data are available on 

myocardial lipid levels and cardiac performance in FAO deficiencies. The purpose of this animal 

study is to assess fasting-induced changes in cardiac morphology, function, and triglyceride (TG) 

storage as a consequence of FAO deficiency in a noninvasive fashion. 

Methods and Results—MRI and proton magnetic resonance spectroscopy (1H-MRS) were applied in 

vivo in long-chain acyl-CoA dehydrogenase (LCAD) knockout (KO) mice and wild-type (WT) mice 

(n=8 per genotype). Fasting was used to increase the heart’s dependency on FAO for maintenance of 

energy homeostasis. In vivo data were complemented with ex vivo measurements of myocardial 

lipids. Left ventricular (LV) mass was higher in LCAD KO mice compared with WT mice (P<0.05), 

indicating LV myocardial hypertrophy. Myocardial TG content was higher in LCAD KO mice at 

baseline (P<0.001) and further increased in fasted LCAD KO mice (P<0.05). Concomitantly, LV 

ejection fraction (P<0.01) and diastolic filling rate (P<0.01) decreased after fasting, whereas these 

functional parameters did not change in fasted WT mice. Myocardial ceramide content was higher in 

fasted LCAD KO mice compared with fasted WT mice (P<0.05). 

Conclusions—Using a noninvasive approach, this study reveals accumulation of myocardial TG in 

LCAD KO mice. Toxicity of accumulating lipid metabolites such as ceramides may be responsible 

for the fasting-induced impairment of cardiac function observed in the LCAD KO mouse.  

 

 

Circ. Cardiovasc. Imaging. (2011) 4(5):558-565. 
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Paradoxical Increase in TAG and DAG Content Parallel the Insulin 

Sensitizing Effect of Unilateral DGAT1 Overexpression in Rat Skeletal 

Muscle 
 

 

Timmers S, Vogel-van den Bosch J, Hesselink MK, van Beurden D, Schaart G, Ferraz MJ, Losen M, 

Martinez-Martinez P, De Baets MH, Aerts JM, Schrauwen P 

 

 

Background: The involvement of muscle triacylglycerol (TAG) storage in the onset of insulin 

resistance is questioned and the attention has shifted towards inhibition of insulin signalling by the 

lipid intermediate diacylglycerol (DAG). The enzyme 1,2-acylCoA:diacylglyceroltransferase-1 

(DGAT1) esterifies a fatty acyl-CoA on DAG to form TAG. Therefore, the aim of the present study 

was to investigate if unilateral overexpression of DGAT1 in adult rat Tibialis anterior (TA) muscle 

will increase conversion of the lipid intermediate DAG into TAG, thereby improving muscle insulin 

sensitivity.  

Methodology/Principal Findings: The DGAT1 gene construct was injected in the left TA muscle of 

male rats on chow or high-fat (45% kcal) diet for three weeks, followed by application of one 800 

V/cm and four 80 V/cm pulses, using the contralateral leg as sham-electroporated control. Seven 

days after electroporation, muscle specific insulin sensitivity was assessed with a hyperinsulinemic 

euglycemic clamp using 2-deoxy-[3H]glucose. Here, we provide evidence that unilateral 

overexpression of DGAT1 in TA muscle of male rats is associated with an increased rather than 

decreased DAG content. Strikingly, this increase in DAG content was accompanied by improved 

muscle insulin sensitivity. Interestingly, markers of muscle lipolysis and mitochondrial function 

were also increased in DGAT1 overexpressing muscle. 

Conclusions/Significance: We conclude that unilateral DGAT1 overexpression can rescue insulin 

sensitivity, possibly by increasing DAG and TAG turnover in skeletal muscle. In case of a proper 

balance between the supply and oxidation of fatty acids in skeletal muscle, the lipid intermediate 

DAG may not exert harmful effects on insulin signalling. 

 

 

PLoS ONE (2011) 6(1):e14503. 
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Neurophysiological, Behavioral and Morphological Abnormalities in the 

Fabry Knockout Mice 
 

 

Rodrigues LG, Ferraz MJ, Rodrigues D, Pais-Vieira M, Lima D, Brady RO, Sousa MM, Sá-Miranda 

MC  

 

 

Fabry disease (OMIM 301500) is a rare X-linked recessive disorder caused by mutations in the α-

galactosidase gene (GLA). Loss of α-galactosidase (α-Gal) activity leads to the abnormal 

accumulation of glycosphingolipids in lysosomes predominantly of vascular endothelial cells. 

Clinically the disorder presents with angiokeratomas, clouding of the cornea, and renal, cardiac, and 

cerebrovascular complications. In addition, there is an increased incidence of neuropathic pain in 

Fabry patients. In this study, we investigated the implications of loss of α-galactosidase A activity on 

sensorimotor function and peripheral nervous system. Similar to the described in Fabry disease 

patients, the sensorimotor assessment of Fabry mice revealed diminished locomotor activity and 

warm hypoalgesia as assessed in the hot-plate. Moreover Fabry mice displayed alterations both in 

balance and co-ordination. By histological analysis, the cyto-architecture of Fabry mice sciatic nerves 

showed an increase in mean cross-sectional area accompanied by a decrease in the density of non-

myelinated fibers as well as a trend for a decreased number of small myelinated fibers, a well 

established feature of Fabry disease. A relative preservation of large myelinated fibers and nerve 

conduction velocity measurements was observed. Our findings demonstrate for the first time that 

Fabry knockout mice have Gb3 accumulation in the peripheral nervous system, alterations in 

sensorimotor function, hypoalgesia and no impairment of motor nerve conduction. 

 

 

Neurobiol. Dis. (2009) 33(1):48–56. 
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