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aBstract 

Aim/hypothesis:  Blockade of the Acetyl-CoA carboxylase (ACC) system has been 
proposed for treatment of obesity-associated disorders like insulin resistance. We 
have evaluated the metabolic eff ects of the general ACC inhibitor CP-640186 on 
diet-induced obesity and insulin resistance in mice. 

Methods:  Male C57Bl/6 mice were fed control chow, a high fat (HF) diet or a 
HF-diet containing CP-640186, respectively, for 6 weeks. A fourth group of mice 
received the HF-diet for 4 weeks followed by 2 weeks on the HF-diet containing 
CP-640186 (CP intervention group). We assessed general biochemical parameters as 
well as in vivo kinetics of glucose metabolism using stable isotope infusion during a 
hyperinsulinemic euglycemic clamp. 

Results:  Mice continuously treated with CP-640186 showed a reduced body 
weight (~10%) from 30 days onwards compared to HF-fed mice. No diff erences 
between the three HF-fed groups of animals were observed for plasma and hepatic 
lipid and glucose parameters. Th e glucose infusion rate required to maintain eug-
lycemia was slightly, but signifi cantly higher (+17%) in the CP-640186 treated mice 
compared to the HF-fed animals, indicative for improved insulin sensitivity. Th e 
mice on the intervention diet did not show improvements of body weight or insulin 
sensitivity, however, mRNA expression levels of key genes involved in glucose and 
lipid metabolism were normalized in these animals compared to the HF-fed animals. 

Conclusions/interpretation:  Pharmacological inhibition of the ACC system may 
contribute to future treatment of diet-associated obesity and insulin resistance. 
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introDUction 

Th e global prevalence of insulin resistance and type II diabetes is rising at alarm-
ing rates worldwide in association with the current obesity epidemic. According to 
the World Health Organization (WHO) over 366 million people will suff er from 
diabetes worldwide in 2030. 

Th e Acetyl-CoA Carboxylase (ACC) system has recently been found to be of rel-
evance in development of insulin resistance. ACC catalyzes the carboxylation of ace-
tyl-CoA to yield malonyl-CoA. Two isoforms of ACC are encoded by separate genes 
and appear to have diff erent metabolic functions as evidenced by studies in global 
ACC2 knock-out mice and in liver-specifi c ACC1 knock-out mice [1–3]. ACC1 is a 
265 kDa protein that is expressed mainly in liver and adipose tissue. Th e malonyl-
CoA synthesized by this enzyme is fueled into the fatty acid synthesis pathway (lipo-
genesis). Mice lacking ACC1 are not viable which indicates that lipogenesis is crucial 
for fetal development. ACC2 is expressed mainly in muscle but, to a lower extent, 
also in liver. Th is protein is 280 kDa in size due to the presence of 114 additional 
amino acids at its N-terminus, which anchors the protein onto the mitochondrial 
membrane. Malonyl-CoA generated by ACC2 is primarily involved in suppression 
of mitochondrial β-oxidation by allosteric inhibition of carnitine palmitoyltrans-
ferase 1 (CPT). Accordingly, mice lacking the ACC2 gene have a normal fatty acid 
synthesis but a strongly induced mitochondrial β-oxidation [1–5]. 

Pharmacological agents have been developed to inhibit ACC with the aim to 
prevent or treat insulin resistance and other components of the metabolic syndrome 
by facilitating fat oxidation. Harwood et al. reported that inhibition of ACC by 
CP-640186 in rats fed a high sucrose diet improves insulin sensitivity. However, ex-
periments with leptin-defi cient insulin resistant ob/ob mice performed by the same 
group showed that CP-640186 caused a further impairment of insulin sensitivity 
[6–9]. Whether or not leptin-defi ciency in the ob/ob model is causally involved 
herein remains unclear. More recently, Savage et al. used liver-specifi c antisense 
oligonucleotide inhibitors (ASO’s) of ACC1 and ACC2 in rats fed a high fat diet 
and showed a reversal of hepatic steatosis and hepatic insulin resistance in animals 
treated with a combination of both ASO’s [10]. Th ese results indicate that ACC in-
hibitors may provide a means for treatment of insulin resistance and other aspects 
of the metabolic syndrome. 

In the current study, we have evaluated the metabolic consequences of long-term 
treatment with the ACC inhibitor CP-640186 in C57Bl/6 mice with insulin resis-
tance induced by feeding a high fat diet. 
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MateriaL anD MethoDs

Animals and experimental design 

Male C57Bl/6 mice of ~25 g (Charles River, l'Arbresle, France) were housed in an 
environmentally-controlled facility. Mice had free access to food and water. All 
animal experiments were performed in strict accordance with good animal prac-
tice as defi ned by the relevant local animal welfare bodies, and all animal work was 
approved by the animal welfare committee of the Rijksuniversiteit Groningen. Th e 
mice were randomized into four groups. Control mice were fed a normal lab chow 
diet (carbohydrates 52, protein 35, fat 13 energy%, Abdiets, Woerden, Th e Nether-
lands), whereas the three experimental groups were either fed a high fat diet (bovine 
lard) (carbohydrate 21, protein 21, fat 58 energy%, Abdiets, Woerden, Th e Nether-
lands) for six weeks, the high fat diet mixed with CP-640186 (50 mg/kg/d, kind gift  
of Dr. H.J.Kempen, Speedel Inc, Basel, Switserland) for six weeks or during the last 
two weeks only. At the end of the six weeks mice were killed for plasma and tissue 
collection or were subjected to in vivo measurements of glucose metabolism.

Basal experiments 

Mice were killed by cardiac puncture under isofl urane anesthesia aft er four hours 
of fasting. Livers were removed, immediately frozen in liquid nitrogen, and stored 
at -80 °C until analysis. Blood samples were centrifuged at 5000 rpm for 5 minutes, 
plasma was removed and stored at -20 °C till analysis.

Biochemical analyses

Liver lipid extraction was performed according to the procedure of Bligh and Dyer 
[11]. Protein concentrations of these livers were determined according to the Lowry 
method [12]. Hepatic concentrations of triglycerides (TG), free and total cholesterol 
were determined using commercially available kits (Roche Diagnostics, Mannheim, 
Germany and Wako Chemicals, Neuss, Germany). Th e hepatic glycogen levels were 
measured as described by Bergmeyer [13].  Malonyl-CoA content of the liver was 
measured according to the protocol of Berge et al [14] with minor modifi cations on 
a Nova-Pak C-18 column (Waters, Etten Leur, Th e Netherlands).

Plasma analyses 

Plasma TG, free and total cholesterol and free fatty acids were determined using 
commercially available kits (Roche Diagnostics, Mannheim, Germany and Wako 
Chemicals, Neuss, Germany). Plasma insulin levels were determined using the insu-
lin ultrasensitive mouse ELISA kit (Mercodia, Upsala, Sweden). Total ketone bodies 
were determined with the total ketone body kit (Wako Chemicals, Neuss, Germany). 
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Acylcarnitines were determined according to the method of Chase et al.[15] with 
adaptations described by Derks et al. [16].

RNA isolation and mRNA levels by Real Time PCR 

Liver was treated with Tri reagents (Invitrogen, Paisley, UK (according to manufac-
turer’s guidelines) to isolate RNA. Th e concentration of RNA was determined using 
the Nanodrop system (ND1000, Isogen Life Science, IJsselstein, Th e Netherlands), 
1 μl of RNA was used. Th e cDNA reaction was performed using 1 μg of RNA per 
sample using M-MLV (Sigma, Zwijndrecht, Th e Netherlands). Quantitive real time 
PCR was performed using qPCR core kit (Eurogentech, Seraing, Belgium). PCR 
results were normalized to 18S mRNA levels. 

Hyperinsulinemic euglycemic clamping 

Mice were provided with a permanent jugular catheter of which the two-way en-
trance was attached to the skull [17]. Th is was done fi ve days before the clamping 
experiments. Nine hours before the hyperinsulinemic euglycemic clamp experi-
ment, food was withdrawn and mice were kept in metabolic cages with free access to 
water. During the clamp experiment blood samples were taken every 15 minutes by 
tail bleeding without anesthesia for determination of blood glucose levels.

Hyperinsulinemic euglycemic clamp was performed according to the method of 
van Dijk et al. [17] with modifi cations in the fi rst two hours of the clamping period. 

Mice were infused two hours with a solution containing 1,5 mg/ml U-13C glucose 
(3% [U-13C] 99% 13C atom %excess, Cambridge Isotope Laboratories, Andover, 
MA, USA)) per hour, to determine basal glucose turnover. Aft er those two hours the 
hyperinsulinemic euglycemic clamp was performed for an other four hours in those 
mice as described earlier [17]. Aft er the hyperinsulinemic euglycemic clamp, mice 
were killed with CO2. 

Statistics 

All values represent mean ± standard error of the mean for the number of animals 
indicated. Statistical analysis was assessed by Kruskall-Wallis followed by Mann-
Whitney U test corrected for multiple testing. Th e level of signifi cance was set at 
p<0,05. Th e soft ware used for the analysis was SPSS 12.0 for Windows (SpSS, Ch-
igaco, IL, USA). 
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resULts 

ACC inhibition reduces body weight gain in mice fed a high fat diet, but does not 
affect plasma and hepatic parameters of lipid metabolism

High fat feeding induced pronounced more weight gain during the 6 week experi-
mental period than control chow feeding (Figure 1). Mice fed the ACC inhibitor for 
6 weeks showed a remarkable defi cit in body weight gain compared to mice fed the 
high fat diet (Figure 1). Such an eff ect was not seen for the CP-intervention group: 
this group gained a similar amount of weight as the HF-fed animals did during the 
last 14 days of the experiment when CP-640186 was provided with the diet.

No diff erences between the HF, CP-treated, and CP-intervention animals were 
observed with respect to plasma concentrations of triglycerides, cholesterol and free 
fatty acids, as determined aft er 4 hours of fasting (Table 1). As expected, cholesterol 
levels were signifi cantly higher in the three HF-fed groups than in the chow-fed 
animals. Surprisingly, plasma ketone bodies in the HF-fed, CP-treated and CP- 
intervention animals were signifi cantly lower than in the control mice. Likewise, 
plasma acylcarnitines in these 3 groups were decreased compared to the control 
mice (Table 1).

Hepatic triglyceride levels did not signifi cantly diff er in the treated groups versus 
the control animals, however, there was a clear tendency towards a decreased TG 
content in CP-treated animals compared to HF-fed (-30%) and intervention animals 
(-23%). Total hepatic cholesterol levels were signifi cantly higher in CP-intervention 
group only compared to control. Hepatic glycogen did not diff er between the 4 
groups (Table 1). Hepatic malonyl-CoA content was lower in the HF-fed groups. 
However, no diff erence between the CP-640186 treated and control HF-fed group 
was observed (Figure 2).  

Figure 1: Relative gain of body weight as a percentage of initial body weight. Control: open circles, high 
fat: black circles, CP-640186: black square and CP-640186 intervention: black triangle. Values are mean 
± s.e.m (n=7). Start of CP-640186 intervention diet indicated by arrow.
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Table 1: Plasma and hepatic parameters a� er 4 hours of fasting in mice fed a high fat diet for six weeks, 
high fat diet containing CP-640186 for six weeks and the CP-640186 intervention animals fed the high fat 
diet for 4 weeks followed by the high fat diet supplied with CP-640186 for 2 weeks. Values are represented as  
means ± S.E.M, n=6 for hepatic parameters and n=5 for plasma values. p<0.05 versus control, # p<0.05 versus 
chronic CP-640186 treatment

Control High fat CP-640186 Intervention 
CP-640186

Plasma parameters

Triglycerides 
(mmol/l) 0.6 ± 0.07 0.6 ± 0.08 0.7 ± 0.08 0.7 ± 0.04

Total cholesterol 
(mmol/l) 1.9 ± 0.2 4.5 ± 0.2* 4.0 ± 0.3* 4.3 ± 0.4*

Free fatty acids 
(mmol/l) 0.8 ± 0.09 0.6 ± 0.04 0.6 ± 0.03 0.7 ± 0.06

BHB 
(mmol/l) 0.69 ± 0.16 0.19 ± 0.03* 0.22 ± 0.03* 0.20 ± 0.02*

Acylcarnitines
(µmol/l) 28.2 ± 0.68 17.7 ± 0.77* 16.2 ± 0.95* 17.0 ± 0.54*

Hepatic parameters

Triglycerides 
(µmol/g liver) 13.0 ± 1.8 27.4 ± 5.6 19.2 ± 2.7 24.8 ± 2.5

Total cholesterol 
(µmol/g liver) 4.3 ± 0.8 5.8 ± 0.7 5.5 ± 0.2 7.8 ± 0.6*#

Protein 
(µmol/g liver) 165 ± 3.9 184 ± 17.9 184 ± 15.3 157 ± 8.1

Glycogen
(µmol/g liver) 319 ± 22.7 375 ± 39.5 289 ± 18.9 335 ± 23.3

Figure 2: Hepatic Malonyl-CoA levels. White bars control mice, black bars high fat-fed mice, dark grey 
bars CP-640186 mice. Values are mean ± s.e.m. (n=5), * p<0.05 vs control. 
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Elevated plasma insulin levels during high fat feeding tend to normalize with CP-
640186 treatment

Plasma insulin levels measured in the fasted state (4 hr) were almost doubled in the 
HF-group compared to the control mice. For the CP-group, insulin levels were also 
signifi cantly higher than in the control animals, however, the increase was less pro-
nounced than in HF-fed animals. Th e intervention animals showed plasma insulin 
levels comparable to those of control animals (Figure 3). Fasting glucose levels and 
glucose levels aft er the basal glucose infusion did not diff er between the groups, 
however, values in the HF-group tended to be higher than in the other groups 
(Figure 4).

Figure 4: Blood glucose levels of the four groups of animals. White bars control, black bars high fat, dark 
grey bars CP-640186 and light grey bars CP-640186 intervention. Aft er overnight fasting, during basal 
and hyperinsulinemic euglycemic clamp. Values are mean ± s.e.m. (n=6)

Figure 3: Plasma insulin levels a� er four hours of fasting. White bars control mice, black bars high fat-
fed mice, dark grey bars CP-640186 mice and light grey CP-640186 intervention mice. Values are mean 
± s.e.m. (n=4-6), * p<0.05 vs control. 
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Insulin sensitivity determined by glucose infusion rate hyperinsulinemic euglyce-
mic clamping is improved after treatment with CP-640186 

Assessment of basal glucose parameters by infusion of tracer of 13C-glucose for 2 
hours showed no diff erences between the four groups of animals, indicating that 
basal glucose metabolism was not altered in either group (table 2). A tendency of 
a higher peripheral uptake (Rd) and a higher hepatic glucose production (Ra) was 
observed in all HF-groups. Th is eff ect was less pronounced during chronic treat-
ment with CP-640186 (table 2).

Hyperinsulinemic euglycemic clamp studies were performed under the condi-
tions described earlier [18–20]. Blood glucose levels under clamped conditions were 
similar in all groups (Figure 4). 

Th e glucose infusion rate (GIR) required to maintain euglycemia was signifi -
cantly lower in all the HF-fed groups, including the CP-treated and CP-intervention 
animals, than in controls. Th is is indicative for HF-induced insulin resistance. 
However, the GIR of the CP-treated mice was signifi cantly higher than those of the 
HF-mice, indicating that the CP-treated animals were less insulin resistant than the 
HF-mice. Yet, it is evident that the GIR in the CP-group did not completely normal-
ize to control levels (Figure 5A).

Th e glucose disposal rate (Rd), which indicates the degree of insulin resistance in 
the periphery, was decreased signifi cantly in the HF-fed group, as expected, as well 
as in  the CP-treated and the CP-intervention groups. However, there was a clear 
tendency towards improvement in the CP-treated group (Figure 5B).  Th e disposal 
rate in the CP-intervention animals was lower than in the chronically CP-treated 
animals, indicating a better peripheral glucose uptake in the latter. 

Table 2: Basal glucose infusion parameters a� er an overnight fast followed by 2 hours of labelled glucose 
infusion with 1.5 mg/ml U-13C glucose.
Values are represented as means ± S.E.M, n=6

Basal glucose infusion Control High fat CP-640186 Intervention 
CP-640186

Tracer infusion
(μmol kg-1 min-1) 4.9 ± 0.0 4.8 ± 0.2 5.1 ± 0.1 4.8 ± 0.0

Rd 
(μmol kg-1 min-1) 123 ± 9 144 ± 5 134 ± 12 138 ± 8

Ra 
(μmol kg-1 min-1) 118 ± 9 140 ± 5 129 ± 13 133 ± 8

MCR 
(ml kg-1 min-1) 16 ± 1 16 ± 2 17 ± 1 15 ± 1
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Th e glucose production rate (Ra) was similar in all 4 groups, with a tendency to be 
higher in the HF-group as well as the animals treated chronically with CP-640186. 
Th e mice of the intervention group showed the same pattern as the control animals 
(fi gure 5C). Th is was also observed at hepatic gene expression levels (fi gure 6) and 
might indicate a transient eff ect during short-term treatment with CP-640186.

Metabolic clearance tended to improve in mice treated with the CP-compound 
for the full experimental period. Th is value was impaired for the HF-fed animals as 
well as the CP-intervention group, indicating that CP-treated animals had a better 
plasma clearance and were less insulin resistant compared to their HF-fed controls 
as well as the CP-intervention mice (Figure 5D).   

ACC inhibition via the CP-intervention diet normalizes gene expression levels of key 
enzymes involved in lipid metabolism

Hepatic mRNA expression levels of key genes of glucose metabolism, like glucoki-
nase (GK), glycogen synthase (GS), glycogen phosphorylase (GP), glucose-6-phos-
phatase translocase and hydrolase (G6Pt, G6Ph, respectively), phosphoenolpyruvate 

Figure 5: Glucose infusion rate (GIR), glucose disposal rate (Rd), glucose production rate (Ra) and meta-
bolic clearance rate (MCR) (respectively � gure A, B,C and D) during the hyperinsulinemic euglycemic 
clamp. White bars control, black bars high fat, dark grey bars CP-640186 and light grey bars CP-640186 
intervention. Values are mean ± s.e.m. (n=6), * p<0.05 vs control, # p<0.05 vs CP-640186.
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carboxykinase (PEPCK) and pyruvate kinase (PK) were measured by Q-PCR. Genes 
involved in gluconeogenesis such as G6pt as well as G6ph and Pk expression levels 
were clearly altered upon HF-feeding. For Gk and Pk, this eff ect was also observed 
upon chronic treatment with CP-640186. Surprisingly, for Gs, G6ph and Pepck the 
hepatic gene expression levels of the intervention mice were decreased compared to 
control mice (Figure 6A). 

Genes involved in lipogenesis and triglyceride synthesis, like acetyl-CoA car-
boxylase 1 (ACC1), acetyl-CoA carboxylase 2 (ACC2), malonyl-CoA decarboxylase 
(MCD), fatty acid synthase (FAS) and sterol regulatory element binding protein 1c 
(SREBP1c) were modifi ed particularly by the HF-diet (Figure 4B). For Acc1 and Fas, 
up-regulation in both the HF-fed animals and in the chronic treated animals was 
observed. Srebp1c gene expression levels of the HF-fed and the chronic CP-640186 

Figure 6: Genes involved in glucose and lipid metabolism (A and B respectively). White bars control, 
black bars high fat, dark grey bars CP-640186 and light grey bars CP-640186 intervention. Values are 
mean ± s.e.m. (n=6-7), * p<0.05 vs control # p<0.05 vs HF. 
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treated mice were also increased. Surprisingly, this eff ect was not seen for the in-
tervention treatment, indicating a transient suppressive eff ect on lipogenesis by 
CP-intervention treatment. For Acc2, Foxa2 and Mcd no diff erences were observed 
during HF-feeding and chronic CP-640186 treatment. Surprisingly, a clear decrease 
was seen during the intervention treatment compared to the HF and CP-treated 
groups, which is an indication of reduced lipogenesis in mice fed a high fat diet 
during short-term treatment with CP-640186 (Figure 6B) and is an indication for a 
transient eff ect of CP-640186. 

DiscUssion 

Th e aim of these studies was to assess the potency of the general ACC inhibitor 
CP-640186 to modify diet-induced obesity and/or insulin resistance in mice. Our 
data show that pharmacological inhibition of the ACC system by CP-640186 has 
benefi cial eff ects with respect to development of obesity and insulin resistance in 
mice fed a high fat diet for 6 weeks. Mice fed the compound chronically showed less 
body weight gain and an improvement in peripheral insulin sensitivity compared to 
HF-fed control mice. However, liver and plasma parameters like triglycerides and 
cholesterol were not altered upon chronic treatment. Initiation of CP-640186 treat-
ment aft er 4 weeks of HF-feeding did not improve insulin sensitivity, but did lead to 
marked changes in hepatic gene expression patterns that were not seen upon chronic 
treatment. Th is indicates that (some of) the eff ects of ACC blockade may be transient 
in nature. Also hepatic glucose production in the intervention mice seemed to be 
only transiently aff ected.

 Th e diff erence in duration of the CP-640186 administration may be critical for 
metabolic eff ects to occur, since clear eff ects on body weight development in chroni-
cally treated mice were only seen aft er about 3 weeks of CP-640186 administration. 
Data on hepatic gene expression levels also indicate that the CP-compound has 
‘direct’ but transient eff ects in the liver. Gene expression patterns of the high fat-
fed animals showed similar patterns as the CP-640186-fed animals aft er 6 weeks, 
particularly with respect to glycolysis and lipogenesis. 

Plasma ketone bodies, i.e., β-hydroxybutyrate, levels were decreased in the HF-
fed mice. Th is is an indication that feeding a HF-diet does reduce fatty acid oxida-
tion and ketogenesis, supported by previous experiments by our group in which 
RQ-values were found to be reduced aft er a period of HF-feeding. Intriguingly, no 
diff erences in β-hydroxybutyrate levels upon treatment with CP-640186 were ob-
served.  Mice were fasted for only four hours and since mice fed a HF-diet are not 
expected to have any problems with energy generation, it is plausible to assume that 
mice fed a HF diet adapt to the situation in which large amounts of fatty acids are 
provided. An increase in β-hydroxybutyrate levels can be expected aft er a prolonged 
period of fasting, e.g., as observed in the experiments of Savage et al. [10]. Th is study, 
in which selective ASO’s against ACC1 and ACC2 were used in rats, showed that 
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aft er an overnight fast, no diff erences in β-hydroxybutyrate levels were seen between 
animals fed the HF-diet and those fed HF and treated with both ASO’s. However, 
a tendency towards lower β-hydroxybutyrate levels was observed. In the fed state, 
an increase of 83% in β-hydroxybutyrate levels was observed during the combined 
ASO-treatment. So, most likely the reported diff erences in β-hydroxybutyrate levels 
are not due to treatment with either CP-640186 or a selective ASO, but to the dura-
tion of the fasting period and the use of a HF diet. 

In the current study we used, for practical reasons, only a single relatively high 
dose of CP-640186. In contrast, Harwood et al. [9] used two diff erent doses of CP-
640186 (50 mg/kg/d and 100 mg/kg/d compared to 50 mg/kg/d in our study) to assess 
the metabolic consequences of ACC inhibition in ob/ob mice. Th ese mice were fed a 
normal chow diet, since the ob/ob mice are highly insulin resistant related to their 
genetically determined leptin-defi ciency. In these experiments no improvement of 
insulin sensitivity was seen upon CP-640186 treatment, although reductions in body 
weight were noted. Counter intuitively, increases in plasma glucose and triglycerides 
with both doses of CP-640186 were seen [21]. In our study we observed a clear defi cit 
in body weight gain and improvement in insulin sensitivity by chronic treatment 
with CP-640186, but plasma glucose levels and triglycerides were not altered upon 
treatment compared to HF-feeding. 

Th e results of the current study are in accordance with those obtained with ACC2 
knock-out mice [1,2]. ACC2-/- mice were shown to be protected from obesity and 
insulin resistance during high fat feeding. Th ese mice became leaner while eat-
ing more food compared to wild-type mice. In our study, mice fed CP-640186 did 
not alter their food intake but body weight gain was signifi cantly reduced. In the 
liver-specifi c ACC1 knock-out mouse, Mao et al. found less accumulation of he-
patic triglycerides without any change in glucose homeostasis [5]. We observed a 
trend towards reduction of hepatic triglycerides, yet, no diff erences in expression 
levels of genes involved in glucose or lipid metabolism in mice chronically treated 
with CP-640186 were seen. However, we did observe an improvement in peripheral 
insulin sensitivity. Th is may be related to the fact that in our experiments not only 
ACC1 but also ACC2 was suppressed. Th is may have led to an enhanced peripheral 
mitochondrial β-oxidation and less accumulation of fat in tissues and organs. Th is 
may, in the end, underlie the improved insulin sensitivity found aft er CP-640186 
treatment. It may be that the less pronounced body weight gain in the chronically 
treated mice contributes to the improved insulin sensitivity. Data from the ASO-
study and the ACC2-/- mice fed a high fat diet show an increase in total energy ex-
penditure [10,22]. We therefore expect that chronically-treated mice also displayed 
an increased total energy expenditure. Th is eff ect is likely less pronounced in the 
short-term treated mice. 

A major diff erence between our own work and that of Savage et al. concerns 
the fact that these authors observed an improvement in ‘hepatic’ insulin resistance 
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whereas we found only an improvement in ‘peripheral’ insulin resistance. Th is eff ect 
might be explained by the choice of experimental animals. Savage et al. [10] used rats 
fed a high fat diet as a model for insulin resistance whereas we used mice on a similar 
diet. It is known that hepatic insulin resistance by dietary intervention is more rap-
idly induced in rats than in mice [23]. A methodological diff erence that also should 
be noted refers to the procedure of the hyperinsulinemic euglycemic clamps in both 
studies. We used somatostatin to suppress endogenous insulin secretion, which was 
not done in the study of Savage et al. Th e duration of the total clamp period was dif-
ferent, i.e., 6 hours in our study versus 4 hours in the rat study, which may infl uence 
the outcome of the experiments. Observations related to malonyl-CoA levels were 
comparable in both studies, i.e., no diff erence in malonyl-CoA levels were observed 
upon either mode of ACC inhibition. Savage et al. observed a dramatic decrease in 
malonyl-CoA levels only aft er a fasting and refeeding [10]. Th is can be explained by 
the mode of ACC inhibition since ASO’s act at the RNA level of the gene of interest 
(in this case ACC), whereas CP-640186 interacts with the ACC protein. Accurate 
assessment of malonyl-CoA turnover rates is required to gain insight in the mode of 
actions of either strategy. 

A recent paper by Choi et al. showed that ACC2-/- mice fed a HF-diet displayed 
reduced plasma insulin values and low blood glucose levels (~30%) [22]. Also body 
weight gain was less pronounced in these mice, as observed upon ACC inhibition 
in our experiments. Th is provides a strong indication that the ACC system is of 
potential interest for treatment of symptoms of the metabolic syndrome like obesity 
and insulin resistance. In conjunction with the present results, it is evident that 
pharmacological inhibition of the ACC system is of potential use for the treatment 
of obesity and/or insulin resistance. 
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