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Summary  

Adipose tissue is an important target for thyroid hormones (TH). However, the 

metabolism of TH in white adipose tissue is poorly characterised. Our objective was to 

describe possible changes in activities of TH-metabolising enzymes in white adipose 

tissue, and the role of TH metabolism in the tissue during obesogenic treatment, caloric 

restriction and in response to leptin in mice. Activity of type I iodothyronine 5’-

deiodinase  (D1) in white fat was stimulated by a high-fat diet, which also increased 

plasma leptin levels, while brown adipose tissue D1 activity did not change. Caloric 

restriction decreased the activity of D1 in white fat (but not in the liver), reduced leptin 

levels, and increased the expression of stearoyl CoA desaturase 1 (SCD-1), a marker and 

mediator of the effect of leptin on tissue metabolism. Leptin injections increased D1 

activity and down-regulated SCD-1 in white fat. Our results demonstrate changes in D1 

activity in white adipose tissue under conditions of changing adiposity, and a stimulatory 

effect of leptin on D1 activity in the tissue. These results suggest a functional role for D1 

in white adipose tissue, with D1 possibly being involved in the control of adipose tissue 

metabolism and/or accumulation of the tissue. 

 

 

 

 

Key words  

Adipose tissue, thyroid hormones, obesity, caloric restriction, leptin 

 2



Introduction 

The accumulation of body fat could be affected by influencing the capacity of fat 

cells to proliferate and differentiate, and the metabolism of adipocytes.  Through these 

mechanisms, hormones, pharmacological agents and nutrients could affect adiposity, 

suggesting novel therapeutic strategies for obesity treatment (Kopecky et al. 2004, Orci et 

al. 2004, Ruzickova et al. 2004). In this respect, white adipose tissue represents an 

important target for thyroid hormones (TH), (Obregon 2008, Oppenheimer et al. 1991, 

Yen 2001), which, together with a sympathetic nervous system, became the most 

important central regulators of energy balance and thermogenesis in homeothermic 

animals  (Silva 2006). Multiple biological effects of  TH depend on intracellular levels of 

3, 5, 3′, - triiodothyronine (T3), which binds to thyroid hormone receptor and is for the 

most part generated in peripheral tissues by outer–ring deiodination of thyroxine (T4). 

Type I and type II iodothyronine 5’-deiodinase (D1 and D2, respectively) could catalyse 

the reaction. D1 exerts on a relatively broad substrate specificity, while also catalysing 

inner-ring deiodination of T4 to produce  reverse T3, an inactive form of TH, as well as 

deiodination of other TH derivatives (Galton et al. 2009). D2 also catalyses conversion of 

T3 into 3,3’-diiodothyronine (T2). Type III 5-deiodinase (D3), catalyses inner-ring 

deiodination of T4 and T3, to produce reverse T3 and T2. D1 is mainly present in the liver, 

kidneys, thyroid gland, and pituitary, and due to its high activity, the hepatic D1 is 

traditionally regarded as being an important source of circulating T3; in turn, its activity is 

increased by circulating T3 (Bianco et al. 2002) and by leptin (Araujo et al. 2009, 

Cabanelas et al. 2006). However, it has also been suggested that the main role of D1 is to 

serve as a scavenger enzyme that deiodinates iodothyronines as well as other TH 

derivatives in extrathyroid tissues, and recycles iodine within the organism (Galton et al. 

2009). D2, which is mainly present in the brain, brown fat, placenta, pituitary, and 

muscle, is essential to the local generation of T3 in the tissues [for references, see 

(Pavelka et al. 1997)]. In brown fat, D2 activity is stimulated by adrenergic nerves in 

response to leptin [(Araujo et al. 2009), see also below], it is required for tissue 

differentiation and thermogenic function (Obregon 2008), and it contributes to systemic 

T3 levels (Kopecky et al. 1986, Leonard et al. 1983). However, the metabolism of TH in 

white fat, and its possible biological role, is only poorly described. D3 has been 
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suggested to stimulate the proliferation of white fat cells, while D2 could be linked to the 

differentiation programme of adipocytes, as revealed by in vitro experiments (Obregon 

2008). D1 was found in white fat in rats (Leonard et al. 1983) as well as in infants 

(Pavelka et al. 1997), although its specific activity is very low compared with the liver or 

kidneys (Pavelka et al. 1997) and D1’s function in white fat remains unknown.  

Leptin secreted by adipose tissue was identified as an important signalling 

molecule that affects the activity of hypothalamic centres, while decreasing food intake, 

activating energy expenditure and modulating neuroendocrine functions. Secretion of 

leptin increases with adipose tissue hypertrophy (Zhang et al. 1994). However, leptin also 

acts directly on tissues, where it stimulates fatty acid oxidation, decreases lipogenesis, 

and prevents the accumulation of lipids in nonadipose tissues, by activating AMP-

activated protein kinase (AMPK) (Minokoshi et al. 2002). The enhancement of AMPK 

activity by leptin is also part of the mechanism by which leptin induces the 

transformation of fat-storing white adipocytes into fat-oxidising cells, and lean phenotype 

(Orci et al. 2004). As shown in both white fat (Zhang et al. 2008) and the liver 

(Biddinger et al. 2006, Cohen and Friedman 2004, Kakuma et al. 2002), leptin also 

down-regulates stearoyl CoA desaturase 1 (SCD-1), a lipogenic gene with a key role in 

the leptin’s metabolic action, since the down-regulation of SCD-1 results in stimulation 

of lipid catabolism (Cohen and Friedman 2004, Paton and Ntambi 2008).  

TH and leptin may share some common downstream action sites and could act 

additively, although independently, to enhance energy expenditure (Wang et al. 2000). 

However, especially in white adipose tissue, the possible interplay between TH and leptin 

in the control of metabolism and weight of the tissue remains to be better characterised. 

The activities of D1, D2, and D3 were therefore assessed in white adipose tissue of mice 

under the conditions that promoted either tissue hypertrophy or involution. Only D1 

specific activity, which was the highest among all three iodothyronine deiodinase 

enzymes, showed significant changes in response to obesogenic treatment and correlated 

with adiposity. The results suggest that leptin controls D1 activity in white fat and that 

D1 has a functional role in the tissue. 
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Methods 

 

Animals and treatments 

C57BL/6J mice were obtained from the Jackson Laboratory (Bar Harbor, ME, 

USA) and bred at the Institute of Physiology for several generations. Only male mice, 

caged singly, were used for the experiments. Three different treatment protocols were 

used, as specified below. 

1) Obesogenic treatment: mice born and maintained at 30 °C were weaned at four 

weeks of age to either the low-fat (LF) or high-fat (HF) diet. The LF diet (extruded Ssniff 

R/M-H diet; Ssniff Spezialdieten GmbH, Soest, Germany) contained 25 %, 9 %, and 66 

% calories in the form of protein, fat, and carbohydrate, respectively. The HF diet, proven 

to be obesogenic in C57BL/6J mice, contained 15 %, 59 %, and 26 % calories in the form 

of protein, fat, and carbohydrate, respectively [see cHF diet in (Kuda et al. 2009)]. All the 

analyses described below were performed two or eight weeks after weaning. For the 

collection of plasma and tissues, ad libitum-fed mice were killed by cervical dislocation 

between 9 and 10 a.m. EDTA-plasma was prepared from truncal blood and stored at – 70 

°C. Subcutaneous (dorsolumbar) and epididymal white adipose tissue, interscapular 

brown fat [for adipose tissue nomenclature see (Cinti 1999)] and liver were dissected and 

stored in liquid nitrogen. 

2) Caloric restriction: mice born and maintained at 22 °C were fed the LF diet 

after weaning (see above) and then fed the HF diet for seven weeks, beginning at the age 

of three month.  During the last five weeks of the HF-feeding, one group of mice was fed 

ad libitum (HF-AL), while the other group of mice was subjected to 10% caloric 

restriction (HF-CR) compared with the HF-AL mice. Mice were killed and plasma and 

epididymal white adipose were collected as above. 

3) Leptin treatment: mice born and maintained at 22 °C were weaned to the LF 

diet (see above) and, two weeks after weaning, mice were subcutaneously injected with 

three doses (3 mg/kg) of recombinant mouse leptin (R&D Systems, Minneapolis, MN, 

USA) or saline at 4 p.m. on day 1, and at 8 a.m. and 4 p.m on day 2. Mice were killed 16 

hours after the last injection and epididymal white adipose tissue was collected as above. 
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All experiments were performed in accordance with the guidelines of the Institute 

of Physiology for the use and care of laboratory animals, the directive of the European 

Communities Council (86/609/EEC), and the Principles of Laboratory Animal Care 

(NIH publication no. 85-23, revised 1985). 

 

Light microscopy and cell-size measurement  

Epididymal and dorsolumbar fat samples were fixed in 10% neutral buffered 

formalin (Sigma) and embedded in paraffin. Sections (5 μm) were stained with 

hematoxylin and eosin, and images were captured by an Olympus AX70 light microscope 

and a DP 70 camera (Olympus, Tokyo, Japan). Morphometry of adipocytes was 

performed using a Lucia IMAGE version 4.81 morphometric programme (Laboratory 

Imaging, Prague, Czech Republic).  

 

Hormones in plasma 

Leptin concentration was assessed using a Mouse Leptin RIA Kit (Linco 

Research, St. Charles, MO, USA). Serum total and free T3 and T4 levels were determined 

using RIA kits (Immunotech, Beckman Coulter, Czech Republic). 

 

Quantitative RT-PCR 

Transcript levels of the genes for SCD-1 and D1 were evaluated in total RNA 

isolated from the epididymal adipose tissue and normalised using eukaryotic translation 

elongation factor 2 measured as described previously (Kuda et al. 2009). The primers 

used: 5´-CCGCCAAGCAGAGGGTCAC -3´ and 5´-

GCATTCAGGGCTAACATCCAACT-3´ for leptin; 5´-

ACTGGGGCTGCTAATCTCTGGGTGTA-3´ and 5´-

GGCTTTATCTCTGGGGTGGGTTTGTTA-3´ for SCD-1; 5´-

CTGTGGCGTGAGCTTCTTC-3´ and 5´-CCCCTGGTGTTGAACTTTG-3´ for D1; and 

5´-GAAACGCGCAGATGTCCAAAAGTC-3´ and 5´-

GCCGGGCTGCAAGTCTAAGG-3´ for eukaryotic translation elongation factor 2. 
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Assay of activity of iodothyronine deiodinases 

Activities of D1, D2, and D3 were measured as previously  described (Pavelka et 

al. 1997). The activities were determined in microsomal (liver) or sub-mitochondrial 

supernatant (adipose tissue) fractions prepared from frozen tissue samples using 2-200 µg 

of total protein (depending on the type of tissue) in a final volume of 40 µl. Radioactive 

products 125I-iiodide 125I-T2 and 125I-reverse T3 (and non-radioactive I-) were separated 

from the unconsumed radioactive substrates (125I-reverse T3, 125I-T4, and 125I-T3) by thin 

layer chromatography. The radiochromatograms were evaluated using the BAS-5000 

laser scanner (Fujifilm Co., Japan). Specific enzyme activities were expressed as 

picomoles of respective iodothyronine produced per hour per mg of protein. 

 

Statistics  

Statistical analyses of the data were performed, and the probability values p for 

significance were calculated by Student’s t-test. Relationships between D1 activity in 

adipose tissue and (i) size of adipocytes or (ii) plasma leptin levels were assessed using 

Pearson's correlation coefficient. All values are expressed as mean ± SE.  
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Results 

 

Obesogenic treatment 

To evaluate possible changes in activities of iodothyronine deiodinases in adipose 

tissue in response to the tissue expansion, the effect of HF diet-feeding, which is known 

to induce obesity in C57BL/6J mice (Surwit et al. 1995), was evaluated. Mice were born 

and maintained at 30 °C during the experiment to avoid any influence of cold stress on 

the measured parameters, and weaned to either the LF or HF diet. Mice were killed two 

and eight weeks after weaning (Table 1). Even after eight weeks, only body weight gain 

but not body weight, was significantly higher in the HF-diet group. However, already 

after two weeks, the weights of both epididymal (visceral) and dorsolumbar 

(subcutaneous) fat depots were significantly higher in the HF-diet group, as compared 

with the LF diet-fed mice (~1.5- and ~1.4-fold, respectively). After eight weeks, the 

differences became more pronounced, with a stronger effect on epididymal fat (~2.9-fold 

higher weight of the depot in the HF diet-fed mice). In line with a previous study, HF diet 

feeding resulted in a decrease in interscapular brown fat weight (Kus et al. 2008). As 

revealed by histological analysis, the size of adipocytes in both white fat depots also 

increased in response to the HF diet, the most pronounced effect being in epididymal fat 

after eight weeks (Table 1). Plasma concentration of leptin increased significantly after 

two weeks of HF feeding, and after eight weeks, leptin levels were even more profoundly 

elevated. While there were no differences between the LF and HF groups in plasma 

levels of free T4 and T3 levels, the total levels of these hormones were significantly 

increased after two weeks of HF diet-feeding. However, after eight weeks, only total T3 

remained increased (Table 1). 

Specific activity of D1 increased in both white fat depots in response to the HF 

diet, the strongest effect (~3.4-fold induction) being on epididymal fat after eight weeks, 

while after two weeks, the stimulation was only observed in dorsolumbar and not in 

epididymal fat (Table 1). On the other hand, the dietary treatment had no effect on 

specific D1 activity in interscapular brown fat (Table 1).  In the liver, specific D1 activity 

was several orders of magnitude higher than in adipose tissue, and in line with the 

previous studies (Hartmann et al. 1980, Pavelka et al. 1997),  it was stimulated by the HF 
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diet (Table 1). Specific activity of D1 in white adipose tissue increased together with the 

size of adipocytes (Fig. 1A), as well as the plasma leptin level (Fig. 1B), suggesting 

correlative relations. Compared with D1, specific activities of both D2 and D3 in white 

fat depots were ~50- (epididymal fat) to ~100-fold (dorsolumbar fat) lower and did not 

change in response to the HF diet (not shown). 

 

Caloric restriction 

To find out whether the HF diet-induced elevation of D1 activity in white adipose 

tissue could be reversed when fat accumulation is compromised without changing the diet 

composition, a mild caloric restriction was applied in adult mice fed the HF diet. Due to 

low activities of D2 and D3 in white fat, and the lack of the activity changes in response 

to the obesogenic diet, D2 and D3 have not been studied any further. Compared with ad 

libitum fed HF-AL mice, a five-week-caloric restriction in HF-CR mice resulted in a 

reduction in body weight gain, a decrease in the weight of adipose tissue depots, and the 

reversal of adipocytes hypertrophy in epididymal fat pad (Table 2). In association with 

the changes in white fat content, plasma leptin levels and leptin gene expression in 

epididymal fat, were significantly reduced by caloric restriction. The HF-CR mice had 

relatively low plasma levels of free T3 (Table 2). 

Compared with the HF-AL mice, the HF-CR mice exhibited ~2.0-fold lower 

specific activity of D1 in epididymal adipose tissue. Expression of the SCD-1 gene, a 

marker of the leptin metabolic effect (see Introduction), in epididymal adipose tissue 

increased in response to caloric restriction (Table 2). In contrast to adipose tissue, 

specific D1 activity in the liver was not significantly affected by caloric restriction (Table 

2).  

 

Leptin treatment 

In line with the effect of leptin on some other tissues (Araujo et al. 2009, 

Cabanelas et al. 2006), the above results suggest that D1 activity in white fat could be 

increased by leptin secreted from hypertrophic adipocytes. To verify this hypothesis, 

mice weaned to the LF diet were repeatedly injected with leptin or saline two weeks after 

the weaning (see Methods). Expression of the SCD-1 gene, a marker of the leptin 
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metabolic effect (see Introduction), as well as D1 gene transcript levels and D1 activity 

were evaluated in epididymal fat 16 hours after the last leptin injection. As expected, the 

expression of the SCD-1 gene was substantially, ~3.2-fold, suppressed by leptin (Fig. 

2A). In parallel, expression of D1 increased ~3.1-fold (Fig. 2B) and D1 activity was 

elevated ~1.7-fold (Fig. 2C). 
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Discussion 

 

In experiments on mice, we have demonstrated for the first time that (i) the 

metabolism of TH in white adipose tissue altered in association with physiological 

changes of fat mass and size of adipocytes; (ii) only D1, and not D2 and D3, was 

involved; and (iii) D1 was stimulated by leptin, which could explain the correlation 

between D1 activity and adiposity.  

Specific activity of D1 white fat depots correlated with both the size of adipocytes 

and leptin levels during HF diet-induced fat expansion, as well as during adipose tissue 

involution elicited by a mild caloric restriction of the HF diet-fed mice. D1 activity 

changed similarly in epididymal as well as in subcutaneous dorsolumbar fat pad during 

the HF diet feeding, although there was no difference between the LF and HF mice in 

epididymal fat D1 activity after two weeks of the dietary treatment. Our results suggest 

that D1 activity in adipose tissue, under physiological conditions, is modulated in an 

autocrine manner by leptin, produced in the tissue, rather than by circulating leptin. In 

support of this hypothesis, the activity of D1 correlated with the size of adipocytes in 

white fat, in line with the notion that leptin secretion increases with hypertrophy of white 

adipocytes (Skurk et al. 2007). Moreover, D1 activity in brown fat was not stimulated by 

HF diet, reflecting the fact that brown adipocytes do not secret leptin (Cinti et al. 1997). 

Given the existence of the autocrine modulation of D1 activity by leptin, this activity 

would be relatively insensitive to fluctuation of circulating leptin concentrations. Only 

large changes in the concentrations, e.g. the changes elicited by the administration of 

endogenous leptin, would affect the D1 activity. Changes in leptin sensitivity, such as 

leptin-resistance associated with obesity, would probably also affect modulation of D1 

actvity by leptin.  

With respect to the known responses of the thyroid system to dietary 

manipulations, the mice reacted quite normally. Thus, HF diet-feeding resulted in 

increased plasma levels of total T3, as typically found under conditions of overnutrition 

(Danforth et al. 1979) and obesity in euthyroid subjects (De Pergola et al. 2007, 

Michalaki et al. 2006), and activity of liver D1 also significantly increased after the 

feeding (Hartmann et al. 1980). As also expected, plasma free T3 and leptin levels 
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decreased in response to caloric restriction (Araujo et al. 2009a, Kok et al. 2005, Larson-

Meyer et al. 2006). That hepatic D1 activity did not decrease could reflect the fact that a 

very mild (only 10%) caloric restriction was applied (Araujo et al. 2009). Importantly, in 

contrast to the liver, activity of D1 in the epididymal adipose tissue decreased 

significantly due to caloric restriction, again supporting the role of locally produced 

leptin in the control of D1 activity in adipose tissue (see above).   

The fact that leptin stimulated D1 activity in white fat accords with the leptin 

action in some other tissues, such as the liver, pituitary and thyroid gland (Araujo et al. 

2009, Cabanelas et al. 2006). Regarding the broad range of substrates metabolised by D1 

with only T3 representing a well established biologically active product of the 

deiodination reaction (see Introduction), the physiological role for D1 in white fat 

remains to be established. In this respect, several possibilities may be explored. First, the 

relatively strong response of the adipose tissue D1 activity to leptin, which was 

associated with the down-regulation of SCD-1, suggests that T3 formed by D1 may be 

involved in the modulation of metabolism of white adipose tissue by leptin. SCD-1 has a 

key role in the regulation of lipid metabolism (Cohen and Friedman 2004, Paton and 

Ntambi 2008), including induction of fatty acid oxidation by leptin in white fat (Zhang et 

al. 2008) and the liver (Biddinger et al. 2006, Cohen and Friedman 2004, Kakuma et al. 

2002). The mechanism by which leptin decreases expression of SCD-1 is independent of 

known pro-lipogenic factors, insulin and sterol regulatory element-binding protein-1c 

(Biddinger et al. 2006), and it remains to be specified (Biddinger et al. 2006, Cohen and 

Friedman 2004). Importantly, hepatic SCD-1 gene expression could be down-regulated 

by T3, reflecting the presence of a negative T3 response region in the SCD-1 gene 

promoter (Waters et al. 1997). Therefore, in both the liver and white fat, leptin-induced 

down-regulation of SCD-1 expression may result from the stimulation of D1 activity by 

leptin and subsequent suppression of SCD-1 gene-promoter activity by locally produced 

T3. Secondly, D1-generated T3 could be involved in the induction of angiogenesis in 

white adipose tissue, through T3-dependent activation of hypoxia-inducible factor-1 

controlling transcription of the angiogenic genes (Otto et al. 2009). Thirdly, T3 generated 

by D1 in white adipose tissue could also interact with thyroid hormone receptor TRα1 in 
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the tissue and thereby modulate subcutaneous adipose tissue expandability (Ortega et al. 

2009).  

In conclusion, our results demonstrate for the first time changes in D1 activity in 

white adipose tissue under conditions of changing adiposity, and a stimulatory effect of 

leptin on D1 activity in white adipose tissue. Our results suggest that D1 has a functional 

role in white adipose tissue with D1 possibly being involved in the control of adipose 

tissue metabolism and/or accumulation of the tissue.  
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Table 1. Growth characteristics, adiposity, plasma levels of hormones and D1 activity – obesogenic treatment  
 

 2 weeks 8 weeks 

 LF HF LF HF 

Body weight (g)     

Initial 17.5 ± 0.7 17.3 ± 0.5 17.8 ± 0.8 18.0 ± 0.9 

Final 20.8 ± 0.3 20.7 ± 0.4 26.8 ± 1.0 31.2 ± 2.3 

Gain 3.3 ± 0.4 3.4 ± 0.6 9.0 ± 0.7 13.2 ± 1.5* 

Weight of fat depots (mg)     

EPI 242 ± 13 366 ± 22** 447 ± 63 1311 ± 320**

DL 143 ± 4 200 ± 7** 180 ± 13 442 ± 80** 

BAT 105 ± 5 71 ± 3** 154 ± 8 137 ± 15 

Adipocytes surface area (µm2)     

EPI 3505 ± 115 4779 ± 292* 3120 ± 392 5739 ± 973*  

DL 1993 ± 317 3029 ± 105* 2126 ± 572 4794 ± 575* 

Plasma levels     

Leptin  (ng/ml) 3.9 ± 0.4 6.2 ± 0.4** 5.6 ± 1.3 27.6 ± 6.7** 

total T4  (nmol/l) 36.9 ± 0.8 41.6 ± 1.1** 62.8 ± 4.0 62.9 ± 1.4 

total T3 (nmol/l) 0.96 ±  0.03 1.30 ± 0.03** 0.71 ± 0.05 1.07 ± 0.05**

free T4  (pmol/l) 13.8 ± 0.6 13.2 ± 0.9 12.2 ± 0.8 11.3 ± 0.6 

free T3  (pmol/l) 5.23 ± 0.54 4.90 ± 0.40 4.40 ± 0.55 4.21 ± 0.58 
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D1 activity (pmol T2/h/mg protein)     

   EPI 5.6 ± 0.5 6.0 ± 1.0 3.5 ± 1.9 12.0 ± 1.1* 

   DL 2.2 ± 0.3 3.8 ± 0.6* 6.5± 0.5 11.2 ± 1.3* 

   BAT 2.0 ± 0.3 2.1 ± 0.3 0.9 ± 0.2 0.8 ± 0.3 

   Liver 1288 ± 87 2178 ± 153** 877 ± 144 2364 ± 444* 

 

Mice weaned at four weeks after birth onto low-fat (LF) or a high-fat (HF) diet were analysed after two (n = 18) and eight weeks (n = 

7-9), following the obesogenic treatment protocol. Mice were born and maintained at 30°C. EPI - epididymal white fat, DL - 

dorsolumbar white fat, BAT - interscapular brown fat. The morphometry data are based on >2400 cells taken randomly from six 

different areas per animal (n = 3-4). Activity of D1 (pmol T2/h/mg protein) was evaluated after two (n = 14-17) and eight (n = 3-8) 

weeks. Data are means ± SE. * p<0.05; **p<0.005 for the effect of diet.  

 

 



 

Table 2. Growth characteristics, adiposity, plasma levels of hormones,  

and D1 activity – caloric restriction 

 

 

 HF-AL HF-CR 

Body weight (g)   

Initial 28.3 ± 0.6 28.2 ± 0.6 

Final 35.9 ± 0.9 30.8 ± 0.5** 

Gain 7.6 ± 0.4 2.6 ± 0.6** 

Weight of fat depots  (mg)   

 EPI 1913 ± 136 1402 ± 72** 

 DL 679 ± 45 475 ± 23** 

 BAT 192 ± 10 139 ±  5** 

Adipocytes surface area (µm2)   

EPI 8038 ± 475 6289 ± 1015 

Plasma levels   

 Leptin (ng/ml) 25.3 ± 3.4 21.2 ± 2.6* 

 total T4  (nmol/l) 45.0 ± 4.7 54.6 ± 6.5 

 total T3  (nmol/l) 1.75 ± 0.08 1.75 ± 0.07 

 free T4  (pmol/l) 11.4 ± 0.7 11.6 ± 0.7 

 free T3  (pmol/l) 3.46 ± 0.18 2.65 ± 0.09** 

D1 activity (pmol T2/h/mg protein)   

 EPI 14.3 ± 1.6 7.2 ± 1.1** 

 Liver 2566 ± 281 1946 ± 202 

Transcript levels of the genes in EPI (AU)   

Leptin 6.1 ± 0.4 2.9 ± 0.4** 

SCD-1 0.39 ± 0.06 0.75 ± 0.03** 

Mice were born and maintained at 22 oC and weaned onto LF diet at four weeks of age. 

From the age of three months, all mice were fed HF diet for seven weeks, following the 

caloric restriction protocol. During the last five weeks of feeding on the HF diet, some 
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mice were fed ad libitum (HF-AL) while some animals were calorie restricted by 10% 

(HF-CR). EPI - epididymal white fat, DL - dorsolumbar white fat, BAT - interscapular 

brown fat. Data are means ± SE (n = 11-12). * p<0.05; **p<0.005 for the effect of diet. 

The morphometry data are based on >2400 cells taken randomly from six different areas 

per animal (n = 4).   
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FIGURE LEGENDS 
 
Fig. 1. A. Correlation of the white adipose tissue D1 activity (two weeks, n = 14-17; 

eight weeks n = 3-8) and surface area of adipocytes (n = 3-4). Epididymal fat at two 

(triangle down) and eight weeks (triangle up), and  dorsolumbar fat at two (square) and 

eight weeks (diamond) from mice fed HF (black) or LF diet (white), following the 

obesogenic treatment protocol; epididymal fat from the HF-AL-mice (black circle) and 

HF-CR-mice (crossed circle), following the caloric restriction treatment protocol. B. 

Correlation of the white adipose tissue D1 activity (two weeks, n = 14-17; eight weeks n 

= 3-8) and plasma leptin levels (n = 7-8). Epididymal fat at two (triangle down) and eight 

weeks (triangle up) from mice fed HF (black) or LF diet (white), following the 

obesogenic treatment protocol; epididymal fat from the HF-AL-mice (black circle) and 

HF-CR-mice (crossed circle), following the caloric restriction treatment protocol. Data 

are means ± SE; for original data, see Tables 1 and 2. 

 

Fig. 2.  Effect of leptin on gene expression (A, B) and D1 activity (C) in epididymal fat.  

At two weeks after weaning to LF diet, mice were injected with three doses (3mg/kg) of 

leptin for three days and epididymal adipose tissue was dissected 16 hours after the last 

injection. Data are means ± SE (n = 4-5). *p<0.05 for the effect of leptin vs. saline-

injected mice.  
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