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Zinc- 2 -glycoprotein (ZAG), a lipid-mobilizing factor, is a novel adipokine which may act locally to influence adipose tissue metabolism. This study examined the ontogeny of ZAG expression in adipose tissue during postnatal development. White (subcutaneous, gonadal, and perirenal) and brown (interscapular) fat was collected from rats aged 1 to 32 days. ZAG mRNA was detected from day 1 in subcutaneous fat, which appears the key site of synthesis postnatally. ZAG was detected in perirenal (day 5) and in gonadal (day 7) fat when the tissue was sufficient for analysis. ZAG mRNA and protein levels fell significantly at the weaning (day 21) and thereafter. ZAG was also detected in brown fat at day 1 but it fell significantly afterwards. The downregulated ZAG expression in white fat depots at the weaning, when fat mass is expanded substantially, suggests that ZAG might be involved in the postnatal development of adipose tissue mass.

Introduction

Zinc-α 2 -glycoprotein (ZAG) is a 43 kDa glycoprotein, first isolated from human plasma [START_REF] Burgi | Preparation and properties of Zn-alpha 2-glycoprotein of normal human plasma[END_REF], and later found in secretory epithelial cells of the liver, breast, gastrointestinal tract and sweat glands [START_REF] Tada | Immunohistochemical localization of Zn-alpha 2-glycoprotein in normal human tissues[END_REF]. ZAG is overexpressed in several types of malignant tumour, and has thus been used as a cancer marker [START_REF] Diez-Itza | Zn-alpha 2-glycoprotein levels in breast cancer cytosols and correlation with clinical, histological and biochemical parameters[END_REF][START_REF] Hale | Zinc alpha-2-glycoprotein is expressed by malignant prostatic epithelium and may serve as a potential serum marker for prostate cancer[END_REF]. Its biological functions are largely unknown; however ZAG has been demonstrated to act as a lipid-mobilising factor [START_REF] Hirai | Biological evaluation of a lipid-mobilizing factor isolated from the urine of cancer patients[END_REF][START_REF] Todorov | Purification and characterization of a tumor lipid-mobilizing factor[END_REF].

Treatment with ZAG stimulates lipolysis in isolated mouse and human adipocytes, and induces a rapid and selective reduction in body fat both in normal and ob/ob mice [START_REF] Hirai | Biological evaluation of a lipid-mobilizing factor isolated from the urine of cancer patients[END_REF]. This lipolytic action may be mediated via the β 3 -adrenoreceptor with upregulation of cAMP [START_REF] Russell | Role of beta3-adrenergic receptors in the action of a tumour lipid mobilizing factor[END_REF]. Recent work has shown the increased body weight of ZAG deficient mice subjected to a high fat diet and this is probably due to significantly reduced lipolysis in adipocytes (Rolli et al., 2006). Rat and human ZAG display 59% amino acid sequence homology [START_REF] Ueyama | Structure and expression of rat and mouse mRNAs for Zn-alpha 2-glycoprotein[END_REF] but share up to 100% identity in specific regions thought to be important in lipid metabolism [START_REF] Sanchez | Crystal structure of human ZAG, a fatdepleting factor related to MHC molecules[END_REF].

White adipose tissue (WAT) is now recognised as a major endocrine and secretory organ [START_REF] Ahima | Leptin regulation of neuroendocrine systems[END_REF][START_REF] Trayhurn | Physiological role of adipose tissue: white adipose tissue as an endocrine and secretory organ[END_REF], adipocytes expressing and secreting a wide range of protein factors, termed adipokines. These adipokines include leptin, adiponectin, tumour necrosis factor α (TNFα), and interleukin-6 (IL-6), which act in autocrine, paracrine and/or endocrine manner to regulate energy balance and other physiological processes, such as the inflammatory response [START_REF] Trayhurn | Adipokines: inflammation and the pleiotropic role of white adipose tissue[END_REF]. Our recent work has identified ZAG as an adipokine since it is expressed in adult mouse WAT and brown adipose tissue (BAT) [START_REF] Bing | Zinc-alpha2-glycoprotein, a lipid mobilizing factor, is expressed in adipocytes and is up-regulated in mice with cancer cachexia[END_REF] and subsequently found to be secreted by adipocytes [START_REF] Bao | Zincalpha2-glycoprotein, a lipid mobilizing factor, is expressed and secreted by human (SGBS) adipocytes[END_REF].

ZAG expression appears to be related to fat mass, its levels being increased in cachexia (Bing A c c e p t e d M a n u s c r i p t 4 et al., 2004;[START_REF] Bing | Adipose atrophy in cancer cachexia: morphologic and molecular analysis of adipose tissue in tumour-bearing mice[END_REF], while reduced in obesity [START_REF] Dahlman | A unique role of monocyte chemoattractant protein 1 among chemokines in adipose tissue of obese subjects[END_REF], suggesting that it may regulate lipid metabolism locally.

The occurrence and expression patterns of ZAG during postnatal development when adipose tissue undergoes major morphological and metabolic changes that result in a considerable expansion of body fat mass [START_REF] Herrera | Lipid metabolism in the fetus and the newborn[END_REF] are not known. There is also little information on whether there are depot differences in expression levels during this period. At day 1 after birth, fat is barely detectable in the rat, usually solely in the subcutaneous area and not internally; however, rats rapidly lay down fat stores during the suckling period, when the internal fat depots appear in tiny amounts, only to expand after weaning at around day 21 [START_REF] Greenwood | Postnatal development of adipocyte cellularity in the normal rat[END_REF]Cryer & Jones, 1979). In contrast to WAT, BAT, which serves as a major site for adaptive thermogenesis through mitochondrial uncoupling protein-1 (UCP-1), is the first form of adipose tissue to appear during development and is present at the time of birth in rodents (Cannon et al., 1988).

In the present study we have examined the early postnatal development of ZAG production in the rat to determine the stage at which the potential for the involvement of this factor in adipose tissue regulation first occurs and how it changes in WAT and BAT during early postnatal development in the rat. Since the distribution of a particular factor in different depots might also undergo changes during development (Oliver et al., 2001a, b;[START_REF] Oliver | Resistin expression in different adipose tissue depots during rat development[END_REF], we have compared the inter-depots differences of ZAG expression at different time points. Leptin, the expression of which increases as fat stores are laid down during early development [START_REF] Devaskar | Developmental changes in ob gene expression and circulating leptin peptide concentrations[END_REF][START_REF] Rayner | Postnatal development of the ob gene system: elevated leptin levels in suckling fa/fa rats[END_REF] and subsequently in several depots of rats (Oliver et al., 2001b), was also studied as a reference point. The pattern of adiponectin expression during early postnatal development was also studied since this adipokine has been linked to body weight control, obesity and insulin sensitivity, as well as inflammation, in adipose tissue [START_REF] Trayhurn | Adipokines: inflammation and the pleiotropic role of white adipose tissue[END_REF]) and a link between ZAG and adiponectin has been suggested [START_REF] Gohda | Identification of epistatic interaction involved in obesity using the KK/Ta mouse as a Type 2 diabetes model: is Zn-alpha2 glycoprotein-1 a candidate gene for obesity?[END_REF].

Materials and methods

Animals

Litters of female Wistar rats from an inbred colony at the University of Liverpool were housed at an ambient temperature of 22  1 0 C under a 12:12 h light-dark cycle (lights on at 0700 hours). Litter sizes were similar for each age point. Rats were weaned at postnatal day 21 and given free access to CRN chow (Dietex International, Essex, UK) and water. Six animals were killed by cervical dislocation and decapitation at 1, 3, 5, 7, 10, 21 and 32 days of age. WAT from the subcutaneous region and from the gonadal and perirenal fat depots, as well as interscapular BAT, were dissected when of sufficient size to be sampled. Tissues were immediately frozen in liquid nitrogen and stored at -80C until analysis. The weights of the pups and of the dissected tissues were recorded. The animal study was conducted according to the U.K. Home Office Guidelines for the care and use of laboratory animals.

RNA isolation and RT-PCR

Total RNA was extracted from tissues (50-120mg) with TRIzol (Invitrogen, Paisley, UK). RNA samples used for first strand DNA synthesis were treated with a DNA-free kit (Ambion, Cambridgeshire, UK) to remove any genomic DNA. The RNA concentration was determined from the absorbance at 260 nM. One μg of total RNA was reverse transcribed to cDNA using a Reverse-iT first strand synthesis kit (ABgene, Epsom, U.K.) according to the manufacturer's instructions. Samples of the reaction were amplified in a PCR mixture containing 0.02 mM of each primer and 1.1x Reddy Mix PCR master mix (Abgene). Rat βactin was used as a housekeeping gene.
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The following primer pairs were used: rat ZAG, 5'-AAATAACAGAAGCAGTGGAGCAG-3' (forward), 5'-TTTGTGGGTAGAAGTCATAGGC-3' (reverse); rat β-actin, 5'-GCCCATCTATGAGGGTTACGC-3' (forward), 5'-GAGCCACCAATCCACACAGAG-3' (reverse).

PCR was performed on a thermal cycler (Hybaid, Middlesex, UK) with an initial denaturation at 94C for 2 min followed by 30 cycles of denaturation at 94C for 20 sec, annealing at 54C for 30 sec, and extension at 72C for 1 min. For rat β-actin, amplification was achieved with 23 cycles consisting of 94C for 20 sec, 64C for 30 sec, and 72C for 40 sec. The final step was extension at 72C for 5 min. PCR products were separated on a 1% agarose gel stained with ethidium bromide and images were recorded. PCR products were sequenced commercially (MWG Biotech, Germany) to confirm their identity.

Real-Time PCR

Relative ZAG, leptin, and adiponectin levels were quantified with an Mx3005 QPCR system (Stratagene, Amsterdam, Netherlands), using primers and Taqman probes designed with PRIMER EXPRESS software (Applied Biosystems, Cheshire, UK). The sequence of the primer pairs and probes are given in Table 1.

Amplification was performed in a 96-well plate in a final reaction volume of 12.5 μl, and each sample contained 1 μl of cDNA (equivalent to 50 ng of RNA), 900 nmol of specific primers, 225 nmol of the probe and a master mix made from quantitative PCR core kit (Eurogentec, Hampshire, UK). The PCR parameters were as follows: 2 min at 50C, denaturation at 95C for 10 min, followed by 40 cycles of denaturation at 95C for 15 sec and combined annealing and extension at 60C for 1 min.
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Each quantitative PCR reaction was repeated in duplicate, and the mean value of Ct for each sample was used for data analysis with MxPro QPCR software (Stratagene). Each sample was normalised to the β-actin value and the results expressed as fold changes of Ct value relative to controls by using the 2 -∆∆ct formula [START_REF] Livak | Analysis of relative gene expression data using realtime quantitative PCR and the 2-(-Delta Delta C(T)) Method[END_REF]. -actin was used as a reference gene since there were no statistically significant differences in the Ct values between any of the time points tested (all P>0.05).

Western blotting

WAT and BAT protein samples were isolated from TRIzol (Invitrogen) extracts according to the manufacturer's instructions. The protein concentration was determined using the bovine serum albumin assay [START_REF] Wiechelman | Investigation of the bicinchoninic acid protein assay: identification of the groups responsible for color formation[END_REF]. Samples containing 10 μg of protein were mixed with equal volumes of 2xSDS loading buffer, incubated at 95C for 5 min, and separated by electrophoresis on 10% SDS-polyacrylamide gels. Proteins were then transferred to a nitrocellulose membrane (Hybond C, Amersham Pharmacia, U.K.) and immunodetection was performed using a mouse monoclonal antibody to human ZAG (Santa Cruz Biotechnology, California, USA). The antibody was used at 4C overnight at a 1:1000 dilution in Tris buffered saline (pH 7.4) containing 0.1% Tween 20 and 3% dried milk. Blots were then incubated for 1 h at room temperature with a rabbit anti-mouse secondary antibody conjugated to horseradish peroxidase (Santa Cruz Biotechnology) at a 1:2000 dilution.

Signals were detected by enhanced chemiluminescence (ECL, Amersham Biosciences, Buckinghamshire, UK). The size of the bands detected was estimated by using protein rainbow molecular-mass standards (Amersham Biosciences). Autoradiographs were scanned and the intensity of signals analysed using PHORETIX 1D advanced software. Equal protein loading was confirmed by staining the gel with Ponceau S.
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Statistical analysis

Data were expressed as mean values  SEM (bars). Differences between two groups were analysed by Student's unpaired t test, while comparisons among more than two groups were assessed by one-way ANOVA coupled with Bonferroni's tests. Differences were considered as statistically significant when P < 0.05.

Results

ZAG expression in adipose tissue of neonatal rats

At birth there was very little dissectable WAT in the rats, although substantial amounts appeared over the first few days of life in the subcutaneous region. There was little abdominal WAT before 10 days of age, fat being rapidly deposited in perirenal and gonadal depots thereafter (Fig. 1A &1B). As a percentage of body weight, the amount of interscapular BAT was substantial at day 1 and the following few days after birth; a trend towards a decrease appeared to occur at day 3 but this was not statistically significant (Fig. 1C). BAT amount fell progressively from 5 days of age onwards, the reduction being statistically significant at days 15, 21 and 32 (Fig. 1C). The expression pattern of ZAG was initially examined in the neonatal adipose tissues by RT-PCR and western blotting. ZAG mRNA was detected in subcutaneous WAT and BAT from pups at day 1 of age (Fig. 2A). A strong signal for ZAG protein was also detected in BAT at day 1 and day 3 after birth (Fig. 2B).

Since ZAG is expressed in rat adipose tissue at day 1 postnatally, the ontogenic pattern of expression during early postnatal development was investigated. Real-time PCR revealed no significant differences in ZAG mRNA levels in the subcutaneous depot at the different time points examined between 1 and 32 days of age (Fig. 3A). The earliest age at which there was sufficient perirenal and gonadal WAT to permit analysis was days 5 and 7, respectively. Both ZAG mRNA and protein were detected in these depots at these early stages. In contrast to subcutaneous fat, ZAG mRNA level in perirenal WAT was significantly decreased at day 32 (P < 0.05) (Fig. 3B). In gonadal WAT ZAG mRNA levels were higher between day 7 and day 15 after birth, but were substantially reduced at day 21 (P < 0.01) and day 32 (P < 0.05) (Fig. 3C). We have further examined the pattern of ZAG protein expression in the three WAT depots of neonatal rats using immunoblotting. ZAG protein levels in subcutaneous and perirenal depots were significantly reduced at day 21 and day 32 compared to day 7 (all P < 0.01) (Fig. 4A &B). In gonadal fat, ZAG protein fell markedly at day 32 relative to its levels at day 7 (P < 0.001) (Fig. 4C).

ZAG mRNA was readily detected in the interscapular BAT of rats at day 1 of age. In marked contrast to the WAT depots, ZAG mRNA levels in BAT fell sharply (>5-fold) between days 1 and 3 after birth and fell further thereafter (Fig. 3D), while protein levels were reduced both at day 21 and day 32 compared to day 7 (both P < 0.01) (Fig. 4D).

Leptin and adiponectin expression in adipose tissue of neonatal rats

The postnatal changes in leptin and adiponectin mRNA were measured as a comparison to the patterns of expression observed for ZAG mRNA. Leptin mRNA levels in subcutaneous WAT increased substantially (>75-fold) between days 1 and 3 (Fig. 5A) reaching a peak at day 15, when they were almost 250-fold higher than at day 1 (P < 0.001). The level of leptin mRNA, slightly declined at weaning and at day 32. In perirenal WAT (Fig. 5B), leptin mRNA levels gradually increased from day 1, reaching a peak at day 32, at which point they were ~20 fold higher compared to day 1 (P < 0.001). In gonadal WAT, the pattern of leptin gene expression was much more variable than for the other two WAT depots. Leptin mRNA levels were low late in the suckling period and at weaning, but increased markedly by day 32 (P < 0.05) (Fig. 5C). Similar to subcutaneous WAT, leptin mRNA levels in BAT were significantly increased from day 3, peaking at day 10 when they were ~22 fold higher compared to day 1 (P < 0.001) (Fig. 5D).

Similar to what was observed for leptin, adiponectin mRNA levels in the subcutaneous depot (Fig. 5A) were significantly increased, reaching a ~5-fold increase at day 15 (P < 0.05); between days 3 and 32 there was little change in adiponectin mRNA level. In the perirenal depot (Fig. 5B), there was a gradual increase in adiponectin mRNA from day 1, the level being highest at day 32 (~8-fold higher compared to day 1) (P < 0.001). As in the perirenal depot, the level of adiponectin in gonadal WAT was higher after weaning than during the suckling period (Fig. 5C). However, no changes were observed in the levels of adiponectin mRNA in BAT until day 32 (Fig. 5D).

Depot differences in ZAG expression in adipose tissue during postnatal development

Although RT-PCR analysis has shown that ZAG is expressed early in postnatal life in all adipose tissue depots examined, differences in the mRNA level were evident between the different sites. In order to explore whether the pattern of depot differences changes at different stages during postnatal development, ZAG mRNA levels were compared at day 1 in BAT and subcutaneous WAT and at days 7 and 32 in subcutaneous, perirenal, and gonadal WAT and BAT. At day 1, ZAG mRNA levels were higher (~18-fold) (P < 0.01) in subcutaneous WAT compared to BAT. At both days 7 and 32, ZAG mRNA was still significantly more abundant in the subcutaneous depot compared with both BAT and the other WAT depots (both P < 0.001) (Fig. 6A). A different pattern of relative expression was observed in the case of leptin (Fig. 6B) and adiponectin (Fig. 6C). At day 1 postnatally, leptin mRNA levels were significantly higher in BAT (~12-fold) compared to subcutaneous WAT (P < 0.01). By day 7 however, leptin levels were higher in subcutaneous (~10-fold) compared to perirenal WAT (P < 0.001), while still quite high in BAT. This pattern was completely changed by day 32, when leptin mRNA was more abundant in the internal WAT depots, leptin levels being 4-fold higher in gonadal compared to subcutaneous WAT (P < 0.01) (Fig. 6B). At day 1, adiponectin mRNA levels were similar in BAT and subcutaneous WAT, while at day 7 the concentration in the latter was increased by ~3-fold (P < 0.05); at day 32, however, adiponectin mRNA levels were ~20-fold higher in gonadal (P < 0.05) and ~7-fold in perirenal WAT compared to BAT (P < 0.05) (Fig. 6C).

Discussion

Little is known about the onset of the ZAG system and its role in the early stages of postnatal development. The studies described here demonstrate that ZAG, at both the mRNA and protein level, is expressed in subcutaneous WAT and BAT of one-day old rats. At this stage WAT can only be sampled from the subcutaneous region, this being the major fat depot during the suckling period. The metabolism of rat adipose tissue during early development undergoes major changes which are mainly due to alterations in the rates of lipolysis and lipogenesis [START_REF] Herrera | Lipid metabolism in the fetus and the newborn[END_REF]. The strong signal observed for ZAG mRNA and protein expression at day 1 postnatally suggests that ZAG might play a role in the regulation of adipose tissue metabolism from early in postnatal life.

The present study has shown that there are no major changes in ZAG mRNA levels in WAT during the suckling period. Immediately after birth and less intensively during suckling, the rate of lipolysis is enhanced [START_REF] Gruen | Development of basal lipolysis and fat cell size in the epididymal fat pad of normal rats[END_REF], while lipogenic activity is suppressed [START_REF] Smith | Development of hepatic and adipose tissue lipogenesis in the fa/fa rat[END_REF]. During this period, there is a rapid change from glucose to lipids as the major energy source, as only limited amounts of carbohydrates are stored (Fisher, 1976).

This enhanced lipolytic activity appears to be regulated by catecholamine release, resulting in cAMP production and increased protein kinase C activity [START_REF] Bahnsen | Mechanisms of catecholamine effects on ketogenesis[END_REF][START_REF] Kimura | Metabolic adaptations of the fetus and newborn[END_REF]. As a lipid-mobilising factor, ZAG stimulates lipolysis in mature adipocytes 12 in vitro [START_REF] Todorov | Purification and characterization of a tumor lipid-mobilizing factor[END_REF], while administration of ZAG to mice induces a rapid reduction in body fat and increases serum free fatty acid levels via the activation of hormone-sensitive lipase through increased intracellular cAMP levels [START_REF] Hirai | Biological evaluation of a lipid-mobilizing factor isolated from the urine of cancer patients[END_REF]. In contrast to ZAG, both leptin and adiponectin mRNA levels in subcutaneous and perirenal WAT were dramatically increased in the early postnatal period, suggesting the potential role of the hormones including in the regulation of energy balance, from early in postnatal life, as previously observed for leptin [START_REF] Rayner | Postnatal development of the ob gene system: elevated leptin levels in suckling fa/fa rats[END_REF].

The subcutaneous fat appears to be the key adipose tissue source of ZAG, leptin and adiponectin during the suckling period. Although in adult rodents the visceral fat is metabolically more active and the expression of most adipokines is significantly upregulated compared to subcutaneous WAT, in the early suckling period the subcutaneous depot is likely to be the main site of adipokine production. However, this pattern of expression changes considerably during the early post-weaning period, by which point the mass of the visceral fat has substantially increased.

At day 21, ZAG mRNA levels in gonadal WAT were reduced compared to both day 1 and day 15, while protein levels were reduced in subcutaneous WAT compared to day 7 and were at their minimum in the perirenal site. Weaning involves a switch from a high-fat diet in the form of milk to a high-carbohydrate diet and the changes that occurred in ZAG expression around weaning suggests that ZAG could be sensitive to nutritional change. Furthermore, the data also suggests that the decrease of ZAG synthesis might be associated with a rapid increase in lipogenic activity during this period [START_REF] Gruen | Development of basal lipolysis and fat cell size in the epididymal fat pad of normal rats[END_REF]. The observation that the marked reduction in ZAG protein levels in the subcutaneous and perirenal sites at weaning would be consistent with a less demand for lipid mobilisation in white fat at this stage of the neonatal development. Although it is not possible to distinguish between development per se and changes of ZAG expression induced by the gradual weaning onto a low fat diet from the 13 high fat diet of milk, the postnatal expression pattern of ZAG might reflect its role under the 'real physiological situation'.

ZAG levels (mRNA and protein), both in perirenal and gonadal WAT were highly reduced after weaning compared to early postnatal life, as revealed by mRNA and protein analysis. Both leptin and adiponectin on the other hand show a different pattern, mRNA levels being increased in perirenal and gonadal depots after weaning. Following weaning, there seems to be a switch from subcutaneous to internal adipose tissue as a source of leptin and adiponectin, this being the pattern of differential expression that has previously been reported for leptin in adult mice [START_REF] Rayner | Postnatal development of the ob gene system: elevated leptin levels in suckling fa/fa rats[END_REF].

The heterogeneity of WAT and the differences between different depots are clearly evident in the current study. Although WAT undergoes major metabolic changes during early postnatal development, these probably affect specific depots to different degrees. Such differences may also be related to regional differences in the production of adipose-derived factors [START_REF] Pinkney | Adipose tissue as an endocrine and paracrine organ[END_REF], which also change during the course of postnatal development, as specifically shown in the case of leptin and adiponectin in this study.

BAT is the major site of non-shivering thermogenesis in small mammals (Cannon et al., 1988) and as such plays an important role in early postnatal development. This study demonstrates that ZAG is expressed in BAT of rats by/or soon after birth. The mRNA and protein levels were at their peak at day 1 but fell significantly thereafter, which appears to parallel the postnatal changes of BAT mass albeit to a lesser degree. In contrast, mRNA levels of leptin in BAT were considerably increased from day 3 onwards while adiponectin mRNA levels were unaffected. The dramatic change in ZAG expression in BAT from day 1 indicates that ZAG may have a role in BAT function at a time when the need for thermogenesis is at its highest. Importantly, ZAG has been shown to increase UCP-1 expression in mouse BAT [START_REF] Bing | Expression of uncoupling proteins-1, -2 and -3 mRNA is induced by an adenocarcinoma-derived lipid-mobilizing factor[END_REF] and in primary cultured brown adipocytes (Sanders & Tisdale, 2004).

In conclusion, the present study demonstrates that ZAG is expressed in WAT and BAT of rat neonates from day 1 postnatally, subcutaneous WAT being the main site of expression within the adipose tissues. The ontogenic pattern of expression may be linked to the metabolic changes occurring within the tissues at different phases of postnatal development. These results suggest that ZAG might be involved in the development of adipose tissue mass during the early life of rats. 

Legends to Figures

Fig. 1 .

 1 Fig.1. Developmental changes in weight of perirenal (A) and gonadal (B) white fat depots and

Fig. 5 .

 5 Fig.5. Relative leptin and adiponectin mRNA levels in subcutaneous (A), perirenal (B) and gonadal (C) white fat, and BAT (D) of newborn rats, measured by real-time PCR. Results are expressed relative to the levels in each depot at day 1 postnatally or day 5 for perirenal and

Fig. 6 .

 6 Fig. 6. Relative ZAG (A), leptin (B) and adiponectin (C) mRNA levels were measured in all depots available of newborn rats at days 1, 7 and 32. Results are expressed relative to the levels of each adipokine in subcutaneous WAT at each time point and are presented as means
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 123 Fig.1. Developmental changes in weight of perirenal (A) and gonadal (B) white fat depots and BAT (C) relative to body weight. Results are means  SE (bars) for 5 rats per age group. *P < 0.05, **P < 0.01, ***P < 0.001
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 456 Fig. 4. ZAG protein levels in subcutaneous (A), perirenal (B), gonadal (C) and BAT (D) of newborn rats. Results are presented as means ± SE (bars) for 4-5 rats at each time point. *P < 0.05, **P < 0.01, ***P < 0.001; results are relative to ZAG protein expression at day 7. † P < 0.05, † † P < 0.01; results are comparisons between days 21 and 32.

Table 1 :

 1 Sequences of primer and probe sets used in real-time PT-PCR (Taqman) analyses

	Gene	Sequence (5'-3')	Conc.	Size
			(nM)	(bp)
	rZAG			
	S	CCTTCAGGAGACTGGGTCTTATTC	900	99
	A	GTTGAGAAATGCGGTGGCTTG	900	
	P	CCTCTACACCGGGTTGTCCAGGCC	250	
	rLeptin			
	S	AACCCTCATCAAGACCATTGTCA	900	100
	A	CCCGGGAATGAAGTCCAAA	900	
	P	TGACATTTCACACACGCAGTCGGTATCC	250	
	rAdiponectin			
	S	CCCCTGGCAGGAAAGGA	900	64
	A	CCTACGCTGAATGCTGAGTGAT	900	
	P	AGCCCGGAGAAGCCGCTTACATG	250	
	rβ-actin			
	S	GACAGGATGCAGAAGGAGATTACTG	300	101
	A	GAGCCACCAATCCACACAGA	300	
	P	CACCATGAAGATCAAGATCATTGCTCCTCCT	250	
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