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HIGHLIGHTS: 20	

  21	
- Medium chain triglycerides (MCT) drastically deplete hepatic lipid droplets and white 22	

adipose tissues. 23	

- MCT improve body weight and insulin sensitivity in healthy and in obese mice. 24	

- MCT induce thermogenic features in liver. 25	

- FFAR1/GPR40 is required for induction of Ucp1 by MCT in hepatocytes. 26	

  27	
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ABSTRACT  1	

 2	

Obesity, liver steatosis and type 2 diabetes are major diseases partly imputed to energy-3	

dense diets rich in long chain triglycerides (LCT). The search for bioactive nutrients that 4	

help to overcome metabolic diseases is a growing field. In this regard, medium chain 5	

triglycerides (MCT) were shown to promote lipid catabolism and to stimulate brown 6	

adipose tissue thermogenesis. The objective of our study was to evaluate if the 7	

replacement of LCT by MCT in high-fat diets could prevent and/or reduce metabolic 8	

disorders. For this purpose, two cohorts of C57BL/6 mice were fed during 10 weeks with 9	

three isocaloric high-fat diets with variable MCT content. Cohort A was composed of 10	

lean mice while cohort B was composed of obese, insulin resistant mice. In cohort A, 11	

replacement of LCT by MCT preserved metabolic health, in part by triggering hepatic 12	

thermogenesis. We further found that medium chain fatty acids promote thermogenesis 13	

markers within cultured hepatocytes in a FFAR1/GPR40-dependent manner. In cohort B, 14	

high-fat diets enriched in MCT promoted body fat depletion and caused metabolic health 15	

improvement, together with the induction of thermogenesis markers in the liver as well as 16	

in subcutaneous white adipose tissue. Our study supports that replacement of LCT by 17	

MCT in high-fat diets improve the metabolic features associated with obesity.  18	

 19	

 20	

KEYWORDS: Obesity; liver steatosis; insulin resistance; medium chain triglycerides; 21	

UCP1; FFAR1/GPR40. 22	
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1. INTRODUCTION  1	

 2	

Lipid anabolism includes dietary lipid assimilation, via intestinal then peripheral fatty 3	

acid uptake, and endogenous lipid biosynthesis via de novo lipogenesis (DNL) (1, 2). 4	

DNL converts excess of acetyl-CoA (produced by oxidation of high amounts of 5	

carbohydrates and lipids) into fatty acids. These latter mostly undergo esterification into 6	

triglycerides for long-term energy storage within lipid droplets (LD) and for systemic 7	

lipoprotein trafficking (1, 2). On the other hand, the lipid catabolism coordinates 8	

lipolysis, which consists in triglyceride hydrolyzation into free fatty acids, with 9	

peroxisomal and mitochondrial β-oxidation of fatty acids to yield chemical energy (ATP) 10	

and heat (3, 4).  11	

Within metabolically active cells, lipid homeostasis is tightly regulated (5) for example 12	

by the widely conserved AMP-activated protein kinase (AMPK) (6, 7). When activated 13	

by an increase in AMP relative to ATP (corresponding to a low energy state), AMPK 14	

directly triggers lipid catabolism (6-9). Conversely, a decrease in the AMP:ATP ratio 15	

lowers AMPK activity, favoring lipid anabolism (6, 7). 16	

Obesity, an alarmingly prevalent condition (10), results from metabolic imbalance caused 17	

by abnormally sustained lipid anabolism. Typically reflected by white adipose tissue 18	

(WAT) expansion (11) as well as by ectopic deposition of fats (11, 12), obesity is a 19	

strong contributor to metabolic diseases such as type 2 diabetes (10, 13) and liver 20	

steatosis (14-16). Long chain fatty acids (LCFA) , that constitute the vast majority of 21	

common dietary fats (17, 18), are well documented to trigger such deleterious anabolic 22	

imbalance (19-26).  23	

One emerging strategy to overcome obesity and associated disorders consists in the 24	

stimulation of non-shivering thermogenesis (27-32) of metabolically active tissues such 25	

as brown and beige adipose tissues (BAT) (33) as well as skeletal muscle (34). Activation 26	

of thermogenesis involves the biosynthesis of mitochondria overexpressing the 27	

uncoupling protein 1 (UCP1) that actively dissipates a part of chemical energy into heat 28	

(27, 35).  29	

Several bioactive compounds have been characterized as potent inducers of 30	

thermogenesis in BAT and WAT (28-32). Recently, dietary medium chain triglycerides 31	
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(MCT) have been shown to activate thermogenic features at the level of the interscapular 1	

BAT (36, 37). MCT are esterified saturated fatty acids with chain lengths not exceeding 2	

ten carbon atoms, called medium chain fatty acids (MCFA) (38-40). Concentrated MCT 3	

oils consist usually of esterified octanoic (C8) and decanoic (C10) acids (40). MCFA 4	

undergo a metabolism that is distinct from LCFA (41). In brief, dietary MCFA are 5	

transported to the liver via the hepatic portal blood system independently of chylomicron 6	

trafficking, and their translocation across mitochondrial membranes is not rate-limited by 7	

the carnitine palmitoyltransferase (CPT) system (42, 43). These properties allow MCFA 8	

to be mainly metabolized by the liver, where they preferentially undergo a not rate-9	

limiting mitochondrial β-oxidation instead of re-esterification (42, 43). We previously 10	

demonstrated that, contrary to LCFA, MCFA do not induce triglyceride accumulation 11	

within hepatocytes, and better promote lipid catabolism. MCFA also improve insulin 12	

sensitivity by increasing basal and insulin-induced phosphorylation of the AKT-mTOR 13	

insulin signaling pathway (21). MCFA have otherwise been reported to activate PPARγ 14	

(44) and FFAR1/GPR40 (45) pathways.  15	

In the present study, we showed that dietary fat in the form of MCT lead to global 16	

metabolic health improvement in lean as well as in obese mice. Dietary MCT noticeably 17	

triggered thermogenic features in the liver, and also tended to induce them in 18	

subcutaneous WAT. This provides new insight on the metabolically beneficial bioactive 19	

properties of MCT. 20	

 21	

 22	

2. MATERIALS AND METHODS  23	

 24	

2.1. Mice and diets 25	

Three-week old male C57BL/6 mice (Charles River laboratories, Canada) were 26	

acclimated to our animal facilities during two weeks prior to diet protocols. Mice were 27	

continuously housed, 4 per cage at 24±1°C in a 12h light/dark cycle, with free access to 28	

water. UQAM’s animal care committee approved all experimental procedures (CIPA 29	

protocol 780). 30	



5	
	

Four diets, whose caloric breakdown and nutritional composition are detailed in Table 1, 1	

were used (Research Diets, USA): i- a standard low-fat diet (LFD; cat. #D12450H) with 2	

10% kcal from fat (5% from lard LCT and 5% from soy oil LCT); ii- a standard high-fat 3	

diet (HFD; cat. #D12451) with 45% kcal from fat (40% from lard LCT and 5% from soy 4	

oil LCT); iii- a customized high-fat diet (M20) with 45% kcal from fat (20% from MCT, 5	

20% from lard LCT and 5% from soy oil LCT); and iv- a second customized high-fat diet 6	

(M40) with 45% kcal from fat (40% from MCT and 5 % from soy oil LCT). The diet 7	

manufacturer used plant-based Dermol M-5 (ALZO international Inc.) MCT oil, 8	

containing 60% C8 and 40% C10, to produce our modified diets.  9	

A first cohort of 32 mice (designated as cohort A) was divided in 4 groups of 8 mice and 10	

continuously fed ad-libitum with either LFD, HFD, M20 or M40 diets for 10 weeks. A 11	

second cohort of 32 mice (cohort B) was first fed with HFD for 10 weeks to induce 12	

obesity and insulin resistance, then divided in 4 groups of 8 mice and fed LFD, HFD, 13	

M20 or M40 diets for 10 more weeks.  14	

Mice were euthanized after a 6h diurnal fast and plasma samples were stored at -20°C for 15	

future analyses. Whole livers, and WAT samples (dorsal subcutaneous, epididymal) were 16	

flash-frozen in liquid nitrogen and stored at -80°C. 17	

 18	

2.2. Body weight, food and energy intake 19	

Individual body weight was monitored weekly and weight change was calculated as a 20	

percentage of the reference weight measured at week 0 in cohort A and at week 10 in 21	

cohort B. Food consumption in each cage was monitored daily, during 10 weeks on the 22	

experimental diets, as the difference (in grams) between the food supplied and the 23	

quantity of food remaining divided by the number of animals per cage. Individual energy 24	

intake was calculated as the product of food intake and energy content of diets (see Table 25	

1). Areas under curve (AUC) of energy intake (in kcal) as function of time (in weeks) 26	

were computed using the trapezoidal function of the GraphPad software. At the end of 27	

the 10-week diet period, the food efficiency ratio was calculated by dividing weight gain 28	

per total food intake. 29	

 30	

2.3. Glucose homeostasis 31	



6	
	

Glycemia measurement, glucose tolerance tests (GTT) and insulin tolerance tests (ITT) 1	

were assessed after a 6h diurnal fast. Blood glucose concentration was measured on 2µl 2	

of tail vein blood using an Accu-Chek Aviva glucometer (Roche). For GTT, glycemia 3	

was evaluated at time-points -15, 0, 15, 30, 60, 90 and 120 min where 0 was the time of 4	

intraperitoneal D-(+)-Glucose injection (1 g/kg body weight; Sigma-Aldrich, cat. 5	

#G8270). For ITT, glycemia was evaluated at time-points -15, 0, 15, 30, 45, 60 and 90 6	

min where 0 was the time of intraperitoneal injection of human recombinant insulin (0.5 7	

U/kg body weight; ThermoFisher Scientific, cat. #12585-014). Data are presented as 8	

AUC of blood glucose concentration as function of time (in minutes). In cohort A, GTT 9	

and ITT were performed at weeks 8 and 9 respectively. Homeostasis model assessment of 10	

insulin resistance (HOMA-IR) was calculated from plasma samples as follow: [glycemia 11	

(mM) x insulinemia (ng/ml)] / 22.5. In cohort B, GTT were performed at week 0, 8 and 12	

18, while ITT were performed at weeks 9 and 19. Note that the week 0 and 8 GTT 13	

confirmed HFD-induced glucose intolerance before the diet switch.  14	

 15	

2.4. Circulating markers 16	

Circulating markers were measured from plasma samples. Fasting insulinemia and 17	

leptinemia were quantified using ELISA kits (Crystal Chem, cat. #90080 and cat. 18	

#90030), and triglyceridemia was quantified using a colorimetric assay kit (Cayman 19	

Chemical, cat. #10010303-96), according to the manufacturer’s protocols. 20	

 21	

2.5. Histology 22	

Liver and WAT (subcutaneous and epididymal) samples were fixed in Bouin’s solution 23	

(75% saturated picric acid, 7.5% formaldehyde, 5% glacial acetic acid) overnight at room 24	

temperature prior to paraffin embedding. Liver microtome sections (8 µm) were stained 25	

with Masson’s trichrome while adipose tissue microtome sections (8 µm) were stained 26	

with hematoxylin and eosin. Samples were visualized under white light using a Nikon 27	

Eclipse Ti microscope equipped with a Scion CFW-1612C color-camera. LD size and 28	

area within liver sections, as well as adipocyte size, were measured using the Particle 29	

Analysis function of the ImageJ software, after the conversion of images into binary 30	

format. For LD measurements, the Particle Analysis function has been set to consider LD 31	
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with a sphericity coefficient of 0.7-1.0 and a size range of 0.07-2000 µm2, thus excluding 1	

vessels and artefacts. 2	

 3	

2.6. Western blots 4	

Total proteins were extracted from liver samples with a RIPA buffer (50 mM Hepes, 125 5	

mM NaCl, 100 mM NaF, 10 mM Na-pyrophosphate, 10% glycerol, 1% Triton X-100, 1.5 6	

mM MgCl2, 1 mM ethylene glycol-bis(2-aminoethylether)-N,N,N′,N′-tetraacetic acid, 2 7	

mM Na-orthovanadate, 1.5 mM PMSF, 1× cOmplete protease inhibitors, pH 7.2). Protein 8	

concentration was determined by the Bradford method (46), then diluted at 1 µg/µL in 9	

Laemmli buffer (50 mM Tris-HCl at pH 6.8, 5% β-mercaptoethanol, 2% sodium dodecyl 10	

sulfate (SDS), 0.01% bromophenol blue, 10% glycerol) before denaturation (5 min at 11	

95°C). Denatured proteins (20 µg) were loaded onto SDS-PAGE, and immunoblot 12	

analyses were carried out using the primary antibodies (Table 2). Horseradish peroxidase 13	

(HRP)-conjugated anti-rabbit IgG (Abcam, cat. #ab6721) or anti-mouse IgG (Cell 14	

Signaling technology, cat. #7076) were used as secondary antibodies (1:4000). Bands 15	

were visualized with a chemiluminescent HRP substrate (Millipore Sigma, cat. 16	

#WBKLS0500). Bands intensities were measured by the Analyze Gels function of the 17	

Image J software.  18	

 19	

2.7. Cell culture and treatments 20	

HepG2 human hepatocellular carcinoma cells (ATCC, cat. #HB-8065) were cultured in 21	

Eagle's Minimum Essential Medium (EMEM) supplemented with fetal bovine serum 22	

(10%), penicillin (100 U/mL) and streptomycin (100 µg/mL) under standard conditions 23	

(37ºC, 5% CO2). Cells were then starved 24 h in fetal bovine serum-free EMEM and 24	

treated 6 h with 0.25 mM of an equimolar mixture of sodium hexanoate (C8) and sodium 25	

decanoate (C10). When required, cells were exposed to either 10 µM T0070907 (PPARγ 26	

inhibitor), 10 µM DC260126 (FFAR1/GPR40 antagonist) or DMSO vehicle one hour 27	

prior to and during C8/C10 treatment, for a 7 h total exposure time.  28	

 29	

2.8. RNA extraction and quantitative PCR 30	
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Total RNA was extracted from liver, subcutaneous and epididymal adipose tissues, and 1	

HepG2 cells, using TRIzol Reagent (Life Technologies, cat. #15596-018; Carlsbad, 2	

USA) following the manufacturer’s instructions. One to five µg of total RNA was reverse 3	

transcribed into cDNA using SuperScript II reverse transcriptase (Life Technologies, 4	

18064-022, Carlsbad, USA). Quantitative PCR was performed on 50 ng cDNA using 5	

gene specific primers pairs (Table 3) and the Luna Master Mix reagent (New England 6	

Biolabs, cat. # M3003L, USA) in a Light Cycler 480 thermocycler (Roche, cat.# 7	

05015278001). Gene expression was calculated using the comparative ∆Ct method (47). 8	

2.9. Statistical analysis 9	

Data are presented as mean ± standard error of the mean. The GraphPad 8 software was 10	

used to perform Student’s t-tests. A one-tailed unpaired test was applied, except with data 11	

normalized to one control where a “one sample” t-test is appropriate. A p-value less than 12	

0.05 was taken as indicative of a statistically significant difference between groups. 13	

 14	

 15	

3. RESULTS 16	

 17	

3.1. A high-fat diet enriched in MCT does not adversely affect body weight or 18	

insulin sensitivity 19	

Mice of cohort A were three-week old male C57BL/6 fed either the LFD or the three 20	

different isocaloric fat-rich diets for 10 weeks (Fig.1A-B). A standard high-fat diet 21	

(HFD) containing 45% kcal from LCT was used as an obesogenic control diet. The M20 22	

HFD contained 20% kcal from MCT while the M40 HFD contained 40% kcal from 23	

MCT. 24	

As expected, HFD feeding resulted in a 33% weight gain relative to LFD feeding 25	

(Fig.1C, Supp.Fig.S1). Interestingly, stepwise replacement of LCT by MCT (M20 and 26	

M40 diets) decreased the impact of HFD on weight gain in a dose-dependent manner. 27	

Even more, mice on the M40 diet exhibited a 10% smaller weight gain than the LFD 28	

controls (Fig.1C, Supp.Fig.S1). Energy intake was equivalent among experimental 29	

groups (Fig.1D) showing that the effects of  the M20 and M40 diets were due to their low 30	

food efficiency ratio relative to the standard HFD (Fig.1E), avoiding the loss of insulin 31	
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sensitivity (Fig.1F) and glucose clearance efficiency (Fig.1G, Supp.Fig.S1). M40-fed 1	

mice even exhibited an insulin sensitivity similar to LFD lean controls (Fig.1F-H, 2	

Supp.Fig.S1). Overall, MCT replacement diminished (M20) or completely prevented 3	

(M40) HFD-induced insulin resistance. 4	

 5	

3.2. A high-fat diet enriched in MCT improves markers of hepatic health 6	

Since liver steatosis is a well-established comorbidity effect of obesity and insulin 7	

resistance (48), we evaluated the impact of our experimental diets on hepatic tissue. 8	

Standard HFD induced a strong fat accumulation in livers. This was characterized by 9	

lipid macrovesicles reaching 63 µm2 (versus 15 µm2 in LFD) and covering 22% of the 10	

tissue area (versus 2.5% in LFD; Fig.2A-C). The M20 diet was also steatogenic, but LD 11	

were 25% smaller and less abundant in M20-fed livers than after standard HFD feeding 12	

(Fig.2A-C). Interestingly, the M40 diet had a radical effect, causing a near-abolishment 13	

of hepatic LD (Fig.2A). Indeed, M40 substantially decreased (3-fold) the average hepatic 14	

LD size and tended to decrease (2-fold) the total area covered by LD, relative to LFD 15	

control (Fig.2B,C). None of the four experimental diets induced collagen fiber infiltration 16	

as evidenced by the complete lack of blue stains within livers parenchyma following 17	

Masson’s trichrome histological preparation (Fig.2A). This indicates that hepatic fibrosis 18	

was not induced. Consistently with LD content, liver weight was increased by 60% and 19	

50% in HFD-fed and M20-fed mice respectively, compared to LFD (Fig.2D). 20	

Interestingly, liver weight was decreased in M40-fed mice, being even 20% lower than in 21	

LFD-fed mice. The liver index (liver to body weight ratio) remained unchanged among 22	

the 4 groups (data not shown).  23	

Hepatic steatosis is often associated with insulin resistance and, as a corollary, absence of 24	

hepatic steatosis is favorable to insulin sensitivity preservation (49, 50). We therefore 25	

measured the phosphorylation state of Akt kinase (on serine 473), a reliable marker of 26	

tissue-specific insulin sensitivity (51). This phosphorylation tended to be inhibited in 27	

HFD-fed mice compared to LFD-fed mice, while livers of mice fed with the M20 and 28	

M40 diets displayed a strong increase in Akt phosphorylation relative to HFD (Fig.2E). 29	

This suggests that the MCT-containing diets potentiate liver’s insulin sensitivity, contrary 30	

to steatogenic HFD.  31	
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 1	

3.3. A high-fat diet enriched in MCT triggers the overexpression of thermogenesis 2	

markers in the liver 3	

Given that the M40 HFD diet did not induce an increase in hepatic weight or LD content, 4	

we reasoned that a MCT-rich diet might activate specific lipid catabolic processes in the 5	

liver. Expression of the lipolysis marker Atgl was not overly modulated by the fatty diets 6	

(Fig.3A) while, relatively to HFD, MCT diets dose-dependently increased the expression 7	

of the beta-oxidation and mitochondrial biogenesis markers Cpt1a and Ppargc1a, 8	

respectively (Fig.3B-C). Strikingly, the M40 diet triggered a 6.7-fold increase in Ucp1 9	

gene expression, a key thermogenesis marker, at a level close to statistical significance 10	

(p=0.066, Fig.3D). To further characterize thermogenesis in liver samples, we measured 11	

the abundance of Vdac1 and Ucp1 proteins, as well as the phosphorylation of Ampk (on 12	

threonine 172) which reflects the intracellular AMP:ATP balance. The three markers 13	

were increased by more than 2-fold, in livers of M40-fed mice (Fig.3E-G). The M20 diet 14	

did not trigger these thermogenic features.  15	

To delineate the molecular mechanism underlying the induction of Ucp1 expression by 16	

MCT consumption, we evaluated the expression of canonical endogenous activators of 17	

thermogenesis. Neither Adrb3 gene expression (37), PPARγ activity (31) – as reported by 18	

the expression of its hepatic target gene Cd36 – nor Fgf21 gene expression (52) was 19	

increased in livers from M40-fed mice (Supp.Fig.S2). We next evaluated the direct effect 20	

of MCFA on hepatocytes, as they are abundant (in their non esterified form) in the 21	

hepato-portal system after the digestion of dietary MCT (38, 39, 53). This may indeed 22	

trigger hepatic Ucp1 expression trough activation of the above mentioned 23	

FFAR1/GPR40. Treatment of HepG2 human hepatoma cells with an equimolar mixture 24	

of C8 and C10 (mimicking MCT oil) effectively increased UCP1 gene overexpression by 25	

3.5-fold (Fig.3H). Moreover, this induction was significantly impeded in the presence of 26	

a FFAR1/GPR40 inhibitor, confirming the involvement of this receptor (Fig.3H). We 27	

also confirmed that a PPARγ antagonist has no inhibitory effect on MCFA-induced 28	

UCP1 overexpression (Fig.3H).  29	

 30	

3.4. A high-fat diet enriched in MCT does not trigger WAT expansion 31	
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Mice on M40 displayed a lower level of circulating triglycerides than HFD-fed mice, at a 1	

level similar to that of LFD-fed mice (Fig.4A). Mice fed with high-fat diets enriched in 2	

MCT showed, in a dose-dependent manner, lower circulating leptin levels than mice 3	

raised on the standard HFD. Moreover, leptin level was 6 times lower in M40-fed mice 4	

than in LFD-fed mice (Fig.4B).  5	

These results indicated that the MCT diets potentially lowered white adiposity in 6	

comparison with the HFD, because both circulating leptin and triglyceride levels are key 7	

markers positively correlated with white adiposity expansion (54, 55). Interestingly, the 8	

epididymal fat deposit was almost absent in M40-fed mice (Fig.4C). The subcutaneous 9	

WAT was also less abundant in M40-fed than in any other mice from the cohort (data not 10	

shown). While the HFD almost doubled adipocyte size, M20 and M40 MCT-enriched 11	

diets dose-dependently prevented adipocyte hypertrophy in both epididymal WAT 12	

(Fig.4D,E) and subcutaneous WAT (Fig.5A-B). Moreover, the average size of 13	

subcutaneous adipocytes tended to be lower in M40-fed mice than in the LFD control 14	

(Fig.5A,B).  15	

To better understand the underlying molecular mechanisms at play in these adipose 16	

tissues, we measured the expression levels of various genes involved in lipid metabolism. 17	

In epididymal tissue, the experimental diets did not modulate the expression of the Srebf1 18	

gene (Fig.4F) which encodes for the master upregulator of lipogenesis Sterol regulatory 19	

element-binding transcription factor 1 (Srebp1) (56). Feeding mice with the M40 diet 20	

increased Cd36 expression 2-fold (Fig.4G), while Cpt1a expression was increased 3-fold 21	

by the three energy dense diets (Fig.4H). Ppargc1a expression was inhibited under the 22	

HFD and M20 diet, and was maintained to a similar level than for the LFD under the 23	

M40 diet (Fig.4I). Expression of Ucp1 was not modulated either (Fig.4J). In 24	

subcutaneous adipose tissue, dietary MCT replacement dose-dependently decreased 25	

Srebf1 expression and increased Cd36 expression (4.5-fold under M20 and 3-fold under 26	

M40), relative to the HFD (Fig.5C,D). Our experimental diets had little or no effect on 27	

Cpt1a and Ppargc1a expression (Fig.5E,F). Ucp1 expression was decreased to residual 28	

levels by the HFD and M20 diets but was preserved by the M40 diet (Fig.5G). Overall, 29	

compared to the standard HFD, dietary MCT had a more benefic impact on lipid 30	

metabolism in subcutaneous than in epididymal adipocytes. 31	
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 1	

3.5. Body weight and insulin resistance are reduced in metabolically unhealthy 2	

obese mice raised on a high-fat diet enriched in MCT 3	

Since M40 ameliorates the metabolic features of healthy mice, we hypothesized that a 4	

MCT-enriched diet could ameliorate the metabolic disorders observed in unhealthy obese 5	

animals. Therefore, we fed C57BL/6 male mice during 10 weeks with the standard HFD 6	

in order to induce marked weight gain, high fasting glycemia and glucose intolerance 7	

(Supp.Fig.S3). We then transferred these mice to LFD, M20 or M40 diets for 10 8	

additional weeks (cohort B; Fig.6A). We also maintained one group on the HFD as 9	

control. Following the week of diet switch, weight gain continued to increase in the HFD 10	

and M20 groups (Fig.6B,C). Conversely, following the diet switch, the LFD as well as 11	

the M40 triggered a rapid weight loss sustained during six weeks, before a slight increase 12	

to the initial values (Fig.6B). Despite this late rescue, LFD and M40 globally triggered 13	

2% and 5% weight loss, respectively, in obese mice (Fig.6C). 14	

Global energy intake, after the diet switch, was equal among HFD-, M20- and M40-fed 15	

mice, and 13% higher than under LFD (Fig.6D), maybe resulting from appetizing effect 16	

of fats. While HFD and M20 impaired glucose homeostasis, M40 and LFD rescue 17	

glucose homeostasis (Fig.6E,F, Supp.Fig.S4,S5). However, the M20 diet failed to 18	

reverse weight gain (Fig.6B,C) or alterations in glucose homeostasis (Fig.6E,F; 19	

Supp.Fig.S4,S5).  20	

 21	

3.6. A high-fat diet enriched in MCT improves steatosis and stimulates the 22	

expression of thermogenesis markers in the liver of obese animals 23	

We next characterized the livers of cohort B mice. Switching from HFD to the M40 diet 24	

significantly decreased hepatic steatosis, in comparison with replacement by M20 or LFD 25	

(Fig.7A). Compared to LFD, the M40 diet led to a 2-fold decrease of hepatic LD size, 26	

and a near statistically significant (p=0.54) 2-fold decrease of hepatic LD tissue area 27	

coverage (Fig.7B,C). We noticed a heterogenous distribution of LD in liver samples from 28	

MCT-fed mice. LD-rich areas were interspersed with regions depleted in LD, and these 29	

depleted regions were systematically located around a vessel (Fig.7A; 4x zoom). At the 30	

same time, both liver weight and liver index were further increased by HFD and M20 31	
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diet, and 15% lower under the M40 diet, compared to LFD-fed mice (Fig.7D,E). 1	

Consistently with these results, hepatic basal phosphorylation of Akt (S473) was 2	

inhibited 2-fold by the HFD and the M20 diet, and preserved by the M40 diet, relative to 3	

the LFD (Fig.7F).  4	

To evaluate the importance of lipid catabolism in the antisteatogenic effect of dietary 5	

MCT, we then measured the hepatic expression of genes related to this process. None of 6	

the diets modulated hepatic Atgl expression (Fig.7G). Relative to LFD, both M20 and 7	

M40 diets tended to induce hepatic Cpt1a expression (Fig.7H). However, only the M40 8	

diet increased Ppargc1a and Ucp1 hepatic expression, by 1.6-fold and 2.5-fold 9	

respectively (Fig.7I,J).  10	

 11	

 12	

3.7. Expression of thermogenesis markers are increased in subcutaneous WAT of 13	

obese mice on a MCT enriched diet. 14	

Considering that MCT enriched high-fat diets had a stronger impact on subcutaneous 15	

adipocytes than on epididymal adipocytes in cohort A, we evaluated the impact of our 16	

diet switch on the expression of metabolic markers in the subcutaneous WAT of obese 17	

animals from cohort B. Surprisingly, transition from the HFD to the M40 diet increased 18	

both Srebf1 and Cd36 expression relative to the M20 diet and HFD control (Fig.8A,B). 19	

Moreover, the M20 diet tends to decrease the expression of Cpt1a while the M40 tends to 20	

increase it (Fig.8C). Interestingly, both the M20 and M40 diets tended, but not 21	

significatively, to increase Ppargc1a and Ucp1 thermogenesis markers expression, in a 22	

dose-dependent manner (Fig.8D,E).  23	

 24	

 25	

4. DISCUSSION 26	

 27	

In this study we characterized the impact of dietary MCT on mouse metabolic health. We 28	

showed that replacement of LCT by MCT dose-dependently reduces the obesogenic and 29	

steatogenic effect of a HFD. Dietary MCT trigger marked elevation of thermogenesis 30	

features at the hepatic level. These thermogenic features are concomitant with a reduction 31	
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of liver steatosis, body weight loss, and metabolic improvement in unhealthy obese mice. 1	

The most notable results were obtained in the liver, not in adipose tissue, supporting the 2	

central role of hepatic thermogenesis in the metabolically beneficial effects of dietary 3	

MCT. The main limitation of our study is that only male mice were used. As sexual 4	

dimorphism has previously been observed in relation to MCT feeding and lipid 5	

metabolism (57), the impact of MCT enriched diets on obesity-related metabolism 6	

features in females should be investigated in further studies. 7	

 8	

Common sources of saturated and monounsaturated LCT, such as lard, are consensually 9	

thought to promote unhealthy lipid accumulation (58, 59). Herein, replacement of lard by 10	

MCT in fat-rich diets dose-dependently prevents obesity induction. This result is 11	

consistent with the propensity of medium chain lipids towards rapid oxidation (41). 12	

Previous studies also reported that MCT-based lipid-rich diets (comparable to the M40 13	

diet) prevent weight gain and obesity features in rodents (41, 60-62). Going further, our 14	

study shows that M40 feeding resulted in a body weight gain substantially lower than 15	

under LFD feeding. A plausible mechanism explaining this observation is the strong 16	

effect of the M40 diet on thermogenic and lipid catabolism features, especially in the 17	

liver, a result never documented following removal of lard from diets (63). By triggering 18	

thermogenic catabolic processes in the liver, in a manner not induced by LFD, this MCT-19	

rich diet likely promotes the mobilization for oxidation of hepatic, circulating and 20	

adipose fat stores, leading to a significant reduction in body mass. This clearly suggests 21	

that the effects observed are induced by the addition of MCT and not by the removal of 22	

lard. We also showed here that dietary MCT stimulated the hepatic lipid catabolic 23	

process, as evidenced by increased Cpt1a and Ppargc1a gene expression (Fig.3B,C). In 24	

agreement with our observations, MCT and their unesterified MCFA derivatives have 25	

been reported to promote lipid catabolism in isolated hepatocytes (21, 64), in muscles 26	

(65, 66), in WAT and BAT (36, 37), as well as mitochondrial biogenesis and activity in 27	

piglet livers (67).   28	

We also showed a marked induction of Ucp1 expression in liver samples of mice fed with 29	

the M40 diet. This was surprising since Ucp1 has been reported to be mainly expressed in 30	

BAT and at a lower extent in WAT, but not in liver (68). However, we showed that 31	
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hepatic Ucp1 gene expression in M40-fed mice was accompanied by elevated expression 1	

of the mitochondrial abundance marker Vdac1(Fig.3E) (69, 70) and the Ucp1 protein 2	

(Fig.3F).  The expression of phosphorylated Ampk (T172) (Fig.3G) was also increased 3	

indicating a low ATP:ADP+AMP ratio (7). This suggests that hepatic Ucp1 induction, 4	

after MCT-enriched feeding, was relevant in terms of functional thermogenesis, a 5	

catabolic pathway which promotes fat depletion. Moreover, phosphorylated Ampk 6	

directly participates in the activation of lipid catabolism (6, 7), which could in turn 7	

contribute to the lack of hepatic steatosis (Fig.2A-D) and insulin resistance (Fig.2E), 8	

following MCT intake. Thermogenesis is known to decrease reactive oxygen species 9	

production (35, 71), and may in part contributed to M40-fed mice hepatic health. 10	

Several investigators reported that dietary MCT boost thermogenesis in brown adipose 11	

tissues (36, 37, 72) and upregulate thermogenesis markers (such as UCP1) in skeletal 12	

muscles (73). In terms of liver effects, Chamma et al. recently reported that a MCT 13	

enriched diet (similar to our M40 diet) also increased hepatic Pgc1α and Ucp3 expression 14	

levels (74). However, this was associated with marked liver steatosis, in contradiction 15	

with our results. This discrepancy probably reflects the fact that the MCT-rich diet used 16	

by Chamma et al. was 30% more caloric than their control diet (74), Moreover, this 17	

caloric surplus was not provided by fats or sugar, explaining lack of adiposity, but by 18	

casein whose long term consumption at high doses is known to trigger strong liver 19	

steatosis (75).   20	

Reproducing the in vivo effect of dietary MCT, we showed that MCFA treatment, at 21	

physiologically relevant concentrations (76, 77) also significantly increased UCP1 22	

expression in cultured HepG2 cells (Fig.3H). This observation demonstrates that MCFA 23	

derived from dietary MCT, known to efficiently enter the hepatic portal vein circulation, 24	

have the potential to directly foster thermogenesis of hepatic parenchyma. Our data also 25	

suggests that this effect is probably mediated by the FFAR1/GPR40 receptor (Fig.3H). 26	

Interestingly,  C8 and C10 are known  FFAR1/GPR40 agonists (78). In addition, 27	

treatment of mouse livers and HepG2 cells with the  FFAR1/GPR40 agonist GW9508 28	

prevented, in an AMPK-activation dependent manner, lipid accumulation induced by 29	

steatogenic challenges (45). In addition, C10 was shown to amplify glucose-stimulated 30	

insulin secretion by pancreatic β-cells in a FFAR1/GPR40-dependent fashion (79). Of 31	
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note, UCP1 induction by MCFA was not completely abrogated by the FFAR1/GPR40 1	

antagonist in our assays, suggesting that other pathways may be involved in mediating 2	

the MCFA effect on UCP1 expression.  3	

Our study suggests that high amounts of MCFA derived from hydrolyzed dietary MCT 4	

reach the liver, resulting in hepatic LD depletion likely via an FFAR1/GPR40-dependent 5	

activation of thermogenesis. Previous reports have shown that medium chain lipids also 6	

decrease VLDL production by hepatocytes (80-82). These reports, coupled with our 7	

observations, lead us to hypothesize that MCT decrease the availability of circulating 8	

fatty acids, thus drastically reducing the fatty acid supply needed for triglyceride 9	

synthesis and storage by peripheral tissues such as WAT. Consistently with the metabolic 10	

profile observed on our MCT-fed mice, prevention of adipocyte hypertrophy is, 11	

furthermore, a well-recognized marker for optimal metabolic health (83). However, 12	

MCT-rich diets did not increase thermogenesis markers in WAT, highlighting the 13	

importance of hepatic thermogenesis in the metabolic effects of MCT in lean mice. 14	

Even if the liver readily oxidizes most of dietary MCFA, it seems that a small proportion 15	

of MCFA, mainly as C10 (84), evades liver catabolism to induce peripheral effects (85). 16	

In fact, it has been suggested that, in rats, dietary MCFA exert a direct lowering effect on 17	

epididymal and perirenal white adiposity by decreasing PPARγ and CEBPα gene 18	

expression, as well as LPL activity (85). Other studies, conducted on 3T3-L1 19	

preadipocytes, have revealed that C8 and C10 activate PPARγ, promoting adipocyte 20	

differentiation (44, 86). In our study, MCT presumably increased PPARγ activity in 21	

WAT, as revealed by the induction of its Cd36 target gene (87). Yet, adipose expansion 22	

could not occur for the reason proposed above. 23	

 24	

In metabolically unhealthy obese mice, we showed that the M40 diet decreased body 25	

weight, insulin resistance and liver steatosis. This result is in agreement with a previous 26	

study showing that both C8 and C10 decreased lipid stores within steatosed hepatocytes 27	

by promoting lipolysis and decreasing lipogenesis (64). In our obese mice however, 28	

hepatic Atgl was not increased by MCT feeding, but Ppargc1a and Ucp1 were induced, 29	

suggesting that in vivo resorption of hepatic steatosis by MCT diets involves 30	

thermogenesis rather than lipolysis. Interestingly in cohort B, liver samples of M20-fed 31	
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mice were dotted with areas without steatosis around blood vessels (Fig.7A). One 1	

possibility is that dietary MCFA reach hepatic blood vessels from which they undergo 2	

simple diffusion to activate catabolic features in the surrounding parenchyma.  3	

Otherwise, markers of thermogenesis tended to increase in subcutaneous adipose tissue of 4	

mice from cohort B on the M40 diet (Fig.8C-E). This suggests that, in obese mice, MCT 5	

have the potential to trigger the browning of WAT. In accordance with this concept, 6	

MCT feeding reduces obesity in part via the elevation of thermogenesis from scapular 7	

BAT (37). This may be explained in part by the fact that in obese mice with steatosis, 8	

hepatic lipid catabolism is low. Therefore, significant amounts of MCFA (higher than in 9	

lean mice) evade liver oxidation, reaching the WAT. Once in the WAT, they could 10	

activate PPARγ, triggering the PPAR-dependent browning phenotype (31).  11	

 12	

In conclusion, we found that in healthy lean mice, consumption of high amounts of MCT 13	

prevent metabolic disorders likely by triggering thermogenesis within the liver, 14	

preventing body fat expansion. We suggest that the liver is a key metabolic organ where 15	

MCT exert their metabolically beneficial thermogenic effects in a FFAR1/GPR40-16	

dependent manner. In obese metabolically unhealthy mice, MCT-rich diets also improved 17	

the metabolic profile, and enhanced the levels of thermogenesis markers in the liver as 18	

well as in the subcutaneous WAT. Overall, our study consolidates the concept that 19	

dietary MCT are bioactive lipids that could be helpful for the prevention and the 20	

treatment of metabolic disorders related to obesity, such as non-alcoholic fatty liver 21	

disease, dyslipidemia and insulin resistance. 22	

 23	

 24	
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8. TABLES 1	

 2	

Table 1. Caloric breakdown and nutritional composition of diets 3	

	4	

Diets LFD HFD M20  M40 
Composition (%) g kcal g kcal g kcal g kcal 

Proteins 19,2 20 24 20 24 20 24 20 
carbohydrates 67,3 70 41 35 41 35 41 35 
fat 4,3 10 24 45 24 45 24 45 
total   100   100   100   100 
kcal/g 3,85   4,7   4,7   4,7   
                  

Compounds g kcal g kcal g kcal g kcal 
Casein, 80 Mesh 200 800 200 800 200 800 200 800 
L-cystine 3 12 3 12 3 12 3 12 
                  
corn starch 452,2 1808 72,8 291 72,8 291 72,8 291 
Maltodextrine 75 300 100 400 100 400 100 400 
Sucrose 172,8 691 172,8 691 172,8 691 172,8 691 
                  
Cellulose 50 0 50 0 50 0 50 0 
                  
Soy oil 25 225 25 225 25 225 25 225 
Lard 20 180 177,5 1598 87,4 787 0 0 
MCT 0 0 0 0 90,1 811 177,5 1598 
                  
minerals 45 0 45 0 45 0 45 0 
                  
Vitamins 12 40 12 40 12 40 12 40 
                  
TOTAL 1055 4057 858,2 4057 858,2 4057 858,2 4057 

 5	

 6	

  7	
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Table 2. Primers sequences for mouse and human genes used in real-time PCR 1	

 2	

Species 

Gene 

target Forward Primer (5′-3′) Reverse Primer (5′-3′) 

Mus  

musculus 

Atgl 
GGAACATCTCATTCGCTG

GC 

CCAGGTTGAAGGAGGGAT

GC 

Cpt1a 
GACTCCGCTCGCTCATTC

C 

ACCAGTGATGATGCCATT

CTTG 

Ppargc1a 
GTTCACTCTCAGTAAGGG

GC 

GTCGCTACACCACTTCAAT

CC 

Ucp1 
AACACTTTGGAAAGGGAC

GAC 

CAAAACCCGGCAACAAGA

GC 

Srebf1 
GGACACTGAGAGACCCCT

GC 

TCCATTGCTGGTACCGTGA

G 

Cd36 
GATGACGTGGCAAAGAAC

AG 

TCCTCGGGGTCCTGAGTTA

T 

Adrb3 
CCTTCAACCCGGTCATCT

ACTG 

CGCACCTTCATAGCCATCA

AAC 

Fgf21 
ACCGCAGTCCAGAAAGTC

TC 

TGCAGGCCTCAGGATCAA

AG 

Hprt1 
TCAGTCAACGGGGGACAT

AAA 

GGGGCTGTACTGCTTAAC

CAG 

Homo  

Sapiens 

UCP1 
CAACAGCTATGTCCTCCC

CG 

ACGTTCCAGGATCCAAGT

CG 

HPRT1 
CCTGGCGTCGTGATTAGT

GAT 

AGACGTTCAGTCCTGTCCA

TAA 

  3	
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Table 3. Antibodies used for Western blots 1	

 2	

Antibody 

target 
Manufacturer 

Catalog 

number 
Source 

Concentration 

Used 

p-Akt (S473) 
Cell Signaling 

Technology 
4060S Rabbit 1:2.000 

Vdac1 Abcam ab14734 Mouse 1:1.000 

Ucp1 Abcam ab155117 Rabbit 1:2.000 

p-Ampk (T172) 
Cell Signaling 

Technology 
2535S Rabbit 1:2.000 

Cyclophilin-B Abcam ab16045 Rabbit 1:50.000 

α-Tubulin Abcam ab4074 Rabbit 1:50.000 

  3	

  4	
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9. FIGURE LEGENDS  1	

 2	

Figure 1. High-fat diets enriched in MCT do not adversely affect body weight nor 3	

insulin sensitivity. (A) Experimental timeline for cohort A. Mice were raised for 10 4	

weeks on diets LFD, HFD, M20 and M40. (B) Percentage of energy content (kcal) from 5	

long chain triglycerides (LCT) and medium chain triglycerides (MCT) in the four diets. 6	

The dashed line shows the standard 45% kcal content from fat. (C,D,E) Area under curve 7	

(AUC) of body weight gain, total energy intake, and food efficiency ratio during 10 8	

weeks of diets, for each group (n = 8). (F) HOMA-IR determined for each diet group at 9	

week 10 (n = 4). (G,H) AUC of glycaemia variations measured during glucose tolerance 10	

tests (GTT) at week 8, and insulin tolerance tests (ITT) at week 9 (n = 4). Data are shown 11	

as mean ± SEM. Asterisks (*) are used to indicate statistical comparisons with the LFD 12	

group while number signs (#) denote comparisons with the HFD control. Student’s t-test: 13	

* p < 0.05, ** p < 0.01, *** p < 0.001. 14	

 15	

Figure 2. A high-fat diet rich in MCT improves markers of hepatic health. (A) 16	

Representative images of liver sections from cohort A animals, stained with Masson’s 17	

trichrome. Blue arrows point to examples of very small and sporadic LD in M40 hepatic 18	

samples. Scale bar: 200 microns. (B,C) Quantification of lipid droplet size and proportion 19	

of tissue area occupied by lipid droplets in the liver sections (n = 3). (D) Liver weight (n 20	

= 8). (E) Phosphorylation level of AKT (on Ser473) in liver homogenates (n = 8). 21	

Representative Western blots are shown. Phospho-AKT expression was normalized to 22	

Cyclophilin-B. Data are shown as mean ± SEM. * compare with the LFD group.  # 23	

compare with the HFD control. Student’s t-test: * p < 0.05, ** p < 0.01, *** p < 0.001. 24	

 25	

Figure 3. A high-fat diet rich in MCT triggers the overexpression of key markers of 26	

thermogenesis in liver. (A-D) Gene expression of Atgl, Cpt1a, Ppargc1a (n = 4) and 27	

Ucp1 (n = 7) normalized by Hprt1, in hepatic tissue from cohort A. (E-G) Protein 28	

expression of Vdac1, Ucp1 and phospho-Ampk (on Thr172) in hepatic tissue (n = 8). 29	

Representative Western blots are shown. Vdac1 was normalized to α-Tubulin while Ucp1 30	

and phospho-Ampk were normalized to Cyclophilin-B. (H) Expression of UCP1 31	



28	
	

transcript in HepG2 cells, normalized to the Hprt1 (n = 3). Cells were treated 6h with 1	

MCFA (125 µM C8 + 125 µM C10) and with either vehicle (CTL), the PPARγ inhibitor 2	

T0070907 (PPARγI, 10µM) or the FFAR1/GPR40 antagonist inhibitor DC260126 3	

(GPR40I, 10µM). Ucp1 expression were normalized to vehicle-treated cells. Data are 4	

shown as mean ± SEM. * compare with the LFD group and # compare with the HFD 5	

group. & designate comparisons with the DMSO-treated cells., and † compare with the 6	

MCFA-treated condition. Student’s t-test: * p < 0.05, ** p < 0.01, *** p < 0.001, **** p 7	

< 0.0001. 8	

 9	

Figure 4. A high-fat diet rich in MCT exert beneficial effects on visceral white 10	

adipose tissue. (A,B) Circulating triglycerides (TG) and leptin from cohort A plasma 11	

samples (n = 4). (C) Representative photographs of dissected mouse abdomens with 12	

epididymal (Ep) WAT highlighted in yellow. (D) Representative images of epididymal 13	

white adipose tissue sections, stained with H&E. (E) Quantification of adipocyte size in 14	

the tissue sections (n = 3). (F-J) Expression of Srebf1, Cd36, Cpt1a, Ppargc1a and Ucp1 15	

transcripts, normalized to Hprt1, in epididymal white adipose tissue (n = 4). Data are 16	

shown as mean ± SEM. * compare with the LFD group, and #  compare with the HFD 17	

group. Student’s t-test: * p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001. 18	

 19	

Figure 5. A high-fat diet enriched in MCT exert beneficial effects on subcutaneous 20	

white adipose tissue. (A) Representative images of subcutaneous white adipose tissue 21	

(WAT) tissue sections, stained with H&E. (B) Quantification of adipocyte size in the 22	

tissue sections (n = 3). (C-G) Expression of Srebf1, Cd36, Cpt1a, Ppargc1a and Ucp1 23	

transcripts, normalized to Hprt1 (n = 4). Data are shown as mean ± SEM. * compare with 24	

the LFD group, and # compare with the HFD control. Student’s t-test: * p < 0.05, ** p < 25	

0.01, *** p < 0.001. 26	

 27	

Figure 6. Body weight and insulin resistance are reduced in metabolically unhealthy 28	

obese mice fed a high-fat diet enriched in MCT. (A) Experimental timeline for cohort 29	

B. Mice were raised for 10 weeks on HFD then switched to diets LFD, HFD, M20 and 30	

M40 for another 10 weeks. (B) Body weight change after diet switch in percentage versus 31	
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body weight measured at week 10 (n=8). The dotted line represents a theorical unchanged 1	

body weight percentage. (C) Area under curve (AUC) of body weight change after diet 2	

switch, in comparison with AUC of the theorical unchanged (Stable, hatched histogram) 3	

body weight percentage (n = 8). (D) AUC of total energy intake measured for each group 4	

from the day of diet switch (n=2). (E,F) AUC of GTT and ITT results measured before 5	

(at week 8 and week 9 respectively) and after diet switch (n = 4). The dotted lines outline 6	

the values before diet switch. Data are shown as mean ± SEM. *  compare with the LFD 7	

group. Ψ is used for comparisons of body weight change percentage with theorical 8	

unchanged (B), and $ for comparisons with the pre-switch diet values (C,D). Student’s t-9	

test: * p < 0.05, ** p < 0.01, **** p < 0.0001. 10	

 11	

Figure 7. A high-fat diet enriched in MCT improves steatosis modulating hepatic 12	

lipid catabolism in obese animals. (A) Representative images of liver sections from 13	

cohort B animals, stained with Masson’s trichrome. Yellow arrowheads point to blood 14	

vessels. Zoom boxes show a 4-fold magnification of regions of the microscope field. 15	

(B,C) Quantification of LD size and proportion of tissue area occupied by LD in the liver 16	

sections (n = 3). (D,E) Liver weight and liver index (liver weight / body mass) in cohort 17	

B (n = 8). (F) Evaluation of phospho-AKT (Ser473) by Western blot normalized to 18	

Cyclophilin-B in liver homogenates (n = 8). Representative blots are shown. Gene 19	

expression of hepatic Atgl, Cpt1a, Ppargc1a and Ucp1, normalized to Hprt1 (n = 4). Data 20	

are shown as mean ± SEM. * compare with the LFD group, and # compare with the HFD 21	

group. Student’s t-test: * p < 0.05, ** p < 0.01, **** p < 0.0001. 22	

 23	

Figure 8. Expression of thermogenesis markers are increased in subcutaneous WAT 24	

of obese mice on a MCT enriched diet. (A-E) Gene expression of Srebf1, Cd36, Cpt1a, 25	

Ppargc1a, and Ucp1  normalized to Hprt1, in subcutaneous WAT from cohort B (n = 4). 26	

Data are shown as mean ± SEM. * compare with the LFD group, and # compare with the 27	

HFD group. Student’s t-test: * p < 0.05, ** p < 0.01. 28	

 29	

 30	

 31	



30	
	

Supplementary Figure 1. High-fat diets rich in MCT do not adversely affect body 1	

weight nor insulin sensitivity, in cohort A.  (A) Body weight change in percentage of 2	

body weight measured at week 0 (n=8). (B) Glucose tolerance test (GTT) and (C) insulin 3	

tolerance test (ITT) respectively performed at weeks 8 and 9 (n=8). Data are shown as 4	

mean ± SEM. * compare with the LFD group, and # compare with the HFD group 5	

corresponding to the same time on x-axis. Student’s t-test: * p < 0.05, ** p < 0.01, **** p 6	

< 0.0001. 7	

 8	

Supplementary Figure 2. Hepatic markers of canonical thermogenesis-activating 9	

pathways are not induced by MCT-rich diets, in cohort A mice. (A-C) Expression of 10	

Adrb3, Cd36, and Fgf21 transcripts, normalized to Hprt1, in liver samples from cohort A 11	

(n = 4). Data are shown as mean ± SEM. * compare with the LFD group, and # compare 12	

with the HFD group. Student’s t-test: * p < 0.05. 13	

 14	

Supplementary Figure 3. High fat diet (HFD)-induced obesity and glucose 15	

homeostasis impairment in mice of cohort B. (A) body weight (n=32), (B) fasting 16	

glycemia (n=4) and (C) AUC of GTT (n=4) measured at early and late timepoints of the 17	

10-weeks long HFD-based protocol feeding for mice of cohort B.  Data are shown as 18	

mean ± SEM. * compare with week 0 (A,C) or week 3 (B), and # compare with week 8 19	

(A,B). Paired student’s t-test: ** p < 0.01, **** p < 0.0001. 20	

 21	

Supplementary Figure 4. Glucose intolerance is reduced in metabolically unhealthy 22	

obese mice fed a high-fat diet rich in MCT. GTT performed on mice from cohort B at 23	

weeks 0 and 8 of the obesity-induction step, then at week 8 after the diet switch. Data 24	

were obtained from mice that have been transferred to LFD (A), HFD (B), M20 (C) and 25	

M40 (D) diets (n=4). Results are mean ± SEM. * compare each timepoint of the GTT 26	

measured at week 8 with the equivalent timepoint measured at week 0, and # similarly 27	

compare week 18 with week 8. Paired student’s t-test: * p < 0.05, *** p < 0.001, **** p 28	

< 0.0001. 29	

 30	

 31	
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Supplementary Figure 5. Insulin resistance is reduced in metabolically unhealthy 1	

obese mice fed a high-fat diet rich in MCT. ITT performed on mice from cohort B at 2	

week 9 of the obesity-induction step, then at week 9 after the diet switch. Data were 3	

obtained from mice that have been transferred to LFD (A), HFD (B), M20 (C) and M40 4	

(D) diets (n=4). Results are mean ± SEM. # compare each timepoint of the ITT measured 5	

at week 19 with the equivalent timepoint measured at week 9. Paired student’s t-test: # p 6	

< 0.05, ## p < 0.01, ### p < 0.001. 7	

 8	

 9	
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-30 -15 0 15 30 45 60 75 90 105 120

10

15

20

25

30

Minutes

m
M

HFD 8 WEEKS

HFD to M20

HFD 0 WEEKS

Glycemia

-30 -15 0 15 30 45 60 75 90 105 120

10

15

20

25

30

Minutes

m
M

HFD 8 WEEKS

HFD to M40

HFD 0 WEEKS

Glycemia

-30 -15 0 15 30 45 60 75 90 105 120

10

15

20

25

30

Minutes

HFD 8 WEEKS

HFD 0 WEEK

HFD to LFD

m
M

Glycemia

-30 -15 0 15 30 45 60 75 90 105 120

10

15

20

25

30

Minutes

m
M

HFD 8 WEEKS

HFD 18 WEEKS

HFD 0 WEEK
Glycemia

A 

C 

B 

D 

* 

*** 

*** *** 
*** * 

* 

**** **** 

**** *** 

* 

*** 

**** **** 

* 

**** *** 

* * 

# 

# 

# 

# 

# 

# 

# 
# 

# 



Supplementary Figure 5 

-15 0 15 30 45 60 75 90

6

9

12

15

18

Minutes

m
M

HFD 9 WEEKS

HFD to LFD

-15 0 15 30 45 60 75 90

6

9

12

15

18

Minutes

m
M

HFD 9 WEEKS

HFD 19 WEEKS

-15 0 15 30 45 60 75 90

6

9

12

15

18

Minutes

m
M

HFD 9 WEEKS

HFD to M20

-15 0 15 30 45 60 75 90

6

9

12

15

18

Minutes

m
M

HFD 9 WEEKS

HFD to M40

A 

C 

B 

D 

Glycemia Glycemia 

Glycemia Glycemia 

# 

## 

### 

### 

# 

# 

# 

# 

# 

# 

# 


	Final manuscript and figs
	Figure1
	Figure2
	Figure3
	Figure4
	Figure5
	Figure6
	Figure7
	Figure8
	SuppFigure1
	SuppFigure2
	SuppFigure3
	SuppFigure4
	SuppFigure5

