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Le tissu adipeux ne présente pas les mêmes facultés lipomobilisatnces et Iipogéniques selon la 

locaiisation anatomique du dépôt et le sexe des individus. Nos travaux ont permis de 

documenter dans un premier temps I'hétérogén6itt fonctionnelle du tissu adipeux sous-cutané 

en rdponse à une perte pondérale modérée chez des hommes et des femmes préménopausdes 

obèses. En second lieu, nous avons carmenst le mttabolisrne des adipocytes soustutants 

d'hommes jeunes et d'âge moyen ainsi que de femmes pré et postmdnopausées en considérant 

leur distribution régionale. Finalement, nous avons montré l'importance de la taille et du 

métabolisme de l'adipocyte dans la détermination du profil m&aboiique, de la lipémie 

postprandiale et de l'oxydation des substrats chez Pêüe humain. Dans l'ensemble, nos travaux 

relatent les effets de la restriction calorique et de l'âge sur les capacités lipolytiques et 

lipogeniques de l'adipocyte et renforcent également le rôle que joue la cellule adipeuse dans la 

regdation du profil mdtabolique et de l'équilibre energétique chez l'Homme. 



Le but de nos travaux consistait a vérifier les effets de la restriction calorique et de I'âge sur la 

capacité lipolytique erlou lipogénique de i'adipocyte ainsi qu'à examiner le rOle que joue la 

celluie adipeuse dans la rtgulation du profil métabolique et de l'équilibre énergétique chez 

l'être humain. Nous avons montrd que des hommes caractérisés par une hypertrophie des 

adipocytes sous-cutaaés (SC) du site abdominal présentent une dét6rioration accrue de leur 

profil métabolique par rapport ii des hommes présentant de petits adipocytes. Par ailleun, nous 

avons rapporté un dimorphisme sexuel quant aux variations de l'activité de la LPL en réponse h 

une perte de poids rnodtkée. Une augmentation de la sensibilit6 Padrénergique (AR) des 

adipocytes des rtgioris SC d'hommes et de femmes préménopausCes obéses aprés une perte 

pondérale fut aussi observée. Dans un second volet, nous avons montré que la capacitd 

lipolytique des adipocytes d'individus moyennement âgés était moins élevée que celle de sujets 

jeunes de masse grasse identique. Cette alttration ne semble toutefois pas se rdpercuter au 

niveau de l'expression du &ne de l'enzyme clé responsable de l'hydrolyse des triglyc6rides 

intraadipocytains. Nos travaux ont également mis en Cvidence que des femmes prC et 

postménopausdes caractdrisdes par une distribution régionale du tissu adipeux similaire 

présentent une balance lipolytiqueAipogCnique comparable. Par ailleurs, nous avons documenté 

l'impact de la sensibilité antilipolytique arAR des adipocytes SC abdominaux sur la lipémie 

postprandiale. De plus, nous avons rapporté que la rCponse lipolytique maximale d'adipocytes 

isoles A un agoniste B-AR stav6rait un déterminant de I'oxydation lipidique chez des sujets 

obèses. E d n ,  nous avons observé une diminution de l'expression du facteur transcriptiomel 

implique dans la difftrenciation adipocytaire, PPARy, au aiveau du site SC abdomî~liil après une 

perte de poids chez des individus obèses. Dans L'ensemble, nous avons montré que la restriction 

calorique et l'âge affectent la balance Iipolytique/lipogCnique de l'adipocyte. Nos travaux 

renforcent tgalement Ie rôle que joue la cellule adipeuse dans la régulation du profil 

métabolique et de i'équilrire herg6tique - chez FHope.  
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Au cours des demieres années, l'essor de la restauration rapide et de l'industrialisation a 

contribue sans aucun doute B une modification de nos comportements alimentaires et 

d'activités physiques favorisant ainsi I'emmagasinage de réserves corporelles sous forme de 

graisse. A ce titre, il est bien connu qu'une accurnulatioa excessive de tissu adipeux, 

notamment au niveau abdominal, est fortement associée & des complications métaboliques 

néfastes pour la sant6 telles que l'hypertension aatrielle, les maladies cardiovasculaires et le 

diabète noninsulinodépendant (BjUmtorp, 1991 b; Despr6s. 199 1 ; Kissebah & Kiakower, 

1994). 

L'afflux des connaissances ainsi que l'importance accordée au tissu adipeux lors de la dernière 

décennie nous ont donc permis de considérer ce dernier autrement qu'un simple isolant 

thermique et mécanique. En effet, le tissu adipeux blanc, constituk d'adipocytes et de 

nombreux autres types cellulaires (prkadipocytes, fibroblastes, cellules endotheliales et 

sanguines, etc.) s'est revélé ultdrieurement capable de rCpondre d diverses hormones qui 

modulent l'accumulation et la mobilisation des réserves de triglycérides intraadipocytains, 

pouvant ainsi contribuer au developpernent de la masse grasse ainsi qu'à sa distribution 

régionale. 

Dans une pnmiére partie (Chapitre l), nous abordons les principaux facteurs contrôlant le 

développement du tissu adipeux. Cette thématique est au caur de la problématique actuelle 

qu'est la pandCmie de I'obésitC et favorise la découverte de cibles rnoltculaùes potentielles 



pour la conception de nouvelles stratégies thérapeutiques des déséquilibres métaboliques etlou 

nutritionnels. L'accent est mis ensuite sur Péquipement enzymatique du tissu adipeux blanc qui 

assure un ajustement permanent des apports (Chapitre 2) et des pertes (Chapitre 3) des 

métabolites lipidiques nécessaires il l'organisme. Ces sections forment la base constitutive de 

nos travaux. En effet, 8 des 9 études composant cette thèse s'intdressent à la capacité 

lipolytique et/ou lipogénique de Padipocyte lors de diverses situations physiologiques (perte de 

poids, vieillissement et lipémie postprandiale). Finalement, au cours du Chapitre 4, nous 

passerons en revue certaines complications métaboliques assocides ih 1'accumuIation excessive 

du tissu adipeux. 

La premikre étude de cette thèse (Chapitre 5) documente la contribution de l'hypertrophie des 

adipocytes sous-cutanés abdominal et fhoral  dans la dtttrioration du profil métaboiique 

d'hommes et de femmes. Cette dernière s'inttgre bien au debat actuel qui régne quant A l'effet 

néfaste du tissu sous-cutané abdominal sur le profil de santé métabolique d'un individu. Dans 

un autre ordre d'idées, I'impact d'une perte pondtrale sur les aspects lipogénique (Chapitre 6) 

et lipolytique (Chapitre 7) d'adipocytes isoles des sites sous-cutanés d'hommes et femmes 

obèses est étudie. Ces travaux documentent les adaptations métaboliques intrinsèques A 

ltadipocyte suite ii une restriction calorique et leurs variations en fonction du sexe de 

l'individu. 

Outre Pimpact d'une restriction calorique, l'infiuence du vieillissement sur le métabolimie de 

la cellule adipeuse est ii la base des Chapitres 8.9 et 10 de cette thèse. Il est bien connu que le 

vieillissement est associe ii un gain de poids corporel chez l'humain sans toutefois qu'il y ait 

d'explication claire B ce phenornéne (Silver et al., 1993). A ce titre, une étude récente dalisCe 

au sein de notre laboratoire rapporte une augmentation du poids corporel chez des hommes et 

des femmes aprés es suivi de 12 ans, mal& le fait que ces demien présentent une diminution 

du contenu lipidique dans leur alimentation et une augmentation de leur participation ii des 

activitts physiques moyennement intenses ('ïremblay et al., 1998). Ces rdsultats suggèrent 

Pexistence d'effets du vieillissement dans le contr6le de la balance lipidique et semblent 

prédominer sut les effets de changements de style de vie qui auraient dQ entraîner une pute de 

poids corporel. Ainsi, nous abordons dans un premier volet le mttabolisme du tissu adipeux 



des sites sous-cutanés abdominal et fémoral d'hommes jeunes et moyennement àgés. Un 

second volet documente également l'impact du vieillissement au niveau de l'expression de 

protéines cl6 impliquées dans la mobilisation et l'accumulation des triglycérides du tissu 

adipeux de l'homme. Enfin, les capacités lipolytique et lipogénique des cellules adipeuses 

sous-cutanées de femmes pré et postménopausées sont comparées. 

Sur la base du fait que les capacités lipolytique et lipogdnique de l'adipocyte agissent de façon 

coordonnée et qu'elles influencent de façon importante la régulation du m6tabolisme des 

acides gras et des lipoprotéines plasmatiques, nous nous sommes intbresses (Chapitre 11) à 

l'impact de la sensibilitb antilipolytique des adipocytes sous-cutanés abdominaux sur le 

deveair postprandial des lipoprotéines riches en triglycdrides en situation postprandiale. Dans 

le même ordre d'idées, le Chapitre 12 traite de l'influence de la capacité lipolytique des 

adipocytes sous-cutanés au niveau de l'oxydation lipidique d6terminde par calorimétrie 

indirecte chez des sujeîs obèses. Finalement, le Chapitre 13 présente les effets d'une perte 

pondérale sur l'expression d'un facteur ?ranscriptionnel de la différenciation adipocytaire, 

PPARy (peroxisome prolifeutor activated receptor gamma). Ces travaux documentent 

&galement les changements de concentrations d'organochlorés plasmatiques et du tissu adipeux 

en relation avec les variations des niveaux d'expression de PPARy suite à une perte pondérale. 

L'ensemble de nos travaux consiste donc B examiner les effets de la restriction calorique et de 

Fâge sur la capacitC lipolytique et/ou lipogénique de l'adipocyte ainsi qu'il étudier le rôle que 

joue la cellule adipeuse dans la régulation du profil métabolique et de Fequilibre hergetique 

chez l'être humain. 



Le ddveloppement excessif de la masse adipeuse fait i la fois intervenir une hypertrophie et 

une hyperplasie cellulaires. Le développement du tissu adipeux blanc a lieu essentiellement en 

période postnatale, mais tout au long de la vie, il peut aussi se produire une augmentation de la 

population adipocytaire à partir de précurseurs cellulaires présents dans la fraction vasculaire 

du stroma de ce tissu. A cet Cgard, certains travaux ont montrd que de nouvelles cellules 

adipeuses apparaissent quand le poids moyen des cellules existantes excède 0.6 pg de 

La compréhension des mécanismes contrôlant la croissance des précurseurs et la 

diffdrenciation adipocytaire, aussi appelde adipogentse, se trouve ainsi au coeur de la 

probldmatique du développement adipeux. Dans ce chapitre, l'accent sera mis sur les facteurs 

transcriptio~els jouant un rôle propre et coopératif dans le développement de la 

diffkrenciation adipocytaire qui ont dtt identifiés récemment. Nous nous attarderons 

dgdement 1 la capacitk sdcrétoire de ltadipocyte mature qui lui confêre un statut de cellule 

endocrine capable de communiquer avec le s y s t h e  nerveux central. Finalement, nous 

aborderons sommairement la capacite qu'a le tissu adipeux d'accumuler des substances 

toxiques et les conséquences des ces dernihs sur le métabolisme de la cellule adipeuse. 



1.1 Facteurs transcriptionnels de I'rdlpogendse 

Plusieurs facteurs transcriptionnels contrôlent l'engagement et/ou le maintien de la 

différenciation temiinale des adipocytes (Figure 1.1). Tel que mentiorné précédemment, ces 

facteurs peuvent agir de façon propre ou coopérative. Pour l'instant, trois familles de facteurs 

de transcription participant B différentes 6tapes de l'adipogenese sont identifiées. Mentionnons 

notamment la famille des CEBP (CCAATlenhancer binding proteins), des PPAR 

(peroxisome prolifrator-activated receptors) et des protéines B motif hélice-boucle-hélice. 

1.1.1 La famille des CEBP 

Trois membres de cette famille, CiEBPa, CfEBPf3 et C/EBPG, sont impliqu6s dans l'induction 

de la différenciation adipocytaire (Darlington et al., 1998). Britvement, ces facteurs de 

transcription possèdent d'une part, un domaine basique de liaison à des séquences CCAAT 

prbsentes dans les régions rdgulatrices des genes cibles et, d'autre part, un domaine à glissière 

de leucines (leucine-zipper) qui leur permet de rdaliser des homodimérisations ou des 

hétérodimérisations avec d'autres membres de la famille des C/EBP. 

Au cours du processus de différenciation, CfEBPP et C/EBPS émergent précocement 

(Darlington et al., 1998) (Figure 1 A). Les activateurs de la voie de 1'AMP cyclique et les 

glucocorticoïdes activent respectivement l'expression de la C/EBPB et de la CiEBPI (Yeh et 

al., 1995). La surexpression de la protéine C/EBPB dans les fibroblastes NIH-3T3 est 

suffisante pour induire le phbnotype adipocytaire en présence de glucocorticoïdes et d'insuiine 

(Yeh et al., 1995). Cet effet de la C/EBPB sur la différenciation adipocytaîre est optimise par 

sa CO-expression avec la C/EBPS (Wu et al., 1996). La double invalidation (knock-out) des 

CEBPP et 6, lorsqu'elle n'est pas letale, provoque une alteration substantielle du 

dCveloppement des tissus adipeux blanc et brun chez la souris (Tanaka et al., 1997). 



Plusieurs arguments plaident en faveur du rôle inducteur de la CIEBPa sur l'adipogenése 

(Umek et al., 1991). La protéine est exprimée avant le démarrage de la transcription de 

nombreux gènes spécifiques de l'adipocyte. Elle transactive nombre de ces gènes par 

i'inteddiaire des sites CCAAT et s'avére capable d'assurer sa propre transactivation (Loftus 

& Lane, 1997). L'expression de I'ARN messager antisens de la ClEBPa inhibe la 

différenciation adipocytaire de la lignke cellulaire 3T3-L 1 (Samuelsson et al., 199 1), alon que 

la surexpression du gène est suffisante pour induire la diffdrenciation adipocytaire (Lin & 

Lane, 1994; Umek et al., 1991). Enfin, mentionnons que l'invalidation du g h e  chez la souris 

engendre des animaux qui ne présentent pas d'accumulation de graisse (Wang et al., 1995). 

Il convient finalement de souligner que l'effet de ces facteurs CEBP peut être inhibe par une 

protéine de la même famille, CHOP- L O (CEBP homologous protein- 10) (Ron & Habener, 

1992). CHOP-I O est exprimde tardivement au cours de la diffçrenciation. Sa surexpression 

inhibe l'adipogenése et s'accompagne d'une diminution de I'expression des CEBPa et CIEBPP. 
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Figure 1.1 Facteurs transcriptionnels impliqués 

PPARy 

dans la différenciation adipocytaire. 

L'expression temporelle des principaux fafteun de l'adipogenèse est indiquée par les lignes. 

CEBP: CCAATlenhancer binding proteins; PPARy: peroxisome proliferator-activated 

receptors gamma; ADD I /SREBP 1 : adipocyte determination- and differentiation-dependent 

factorl/sterol regulatav elentent-binding protein 1. Adapté de Grégoire et al. (1 998). 



1.1.2 La famille des PPAR 

Les PPAR appartiennent ii la superfamille des rdcepteurs nucléaires hormonaux de type 

stéroïdien. Ils forment des hetérodiméres avec les récepteurs de l'acide 9-cis rétinoïque 

(retinoïd X receptor ou RXR) et modulent l'expression des gènes contenant des éléments de 

réponse aux PPAR, les PPRE (peroxysome proliferator response elements) (Auwerx. 1999; 

Desvergne & Wahli, 1999; Spiegehm, 1998). 

Chez l'homme. trois sous-types de PPAR ont et6 décrits: a, P et y. Le PPARy est le sous-type 

le plus exprimé dans le tissu adipeux (Auboeuf et al., 1997; Mukherjee et al., 1997). Deux 

isoformes ont dt6 caractérisés, PPARyl et PPARy2 et sont issus d'un même gène par épissage 

alternatif et par l'utilisation de sites de mise en route de transcription distincts. En règle 

gdndrale chez l'homme, la proportion d'ARNrn de PPARy2 représente environ 17% des 

niveaux d'ARNm totaux de PPARy (Auboeuf et al., 1997). L'expression de PPARy précéde 

celle de la ClEBPa au cours de la différenciation (Figure 1.1). Par ailleurs, la surexpression de 

PPARy est suffisante pour assurer l'induction du phénotype adipocytaire dans les fibroblastes 

NIH-3T3 (Tontonoz et al., 1994). 

Certaines pmstaglandines, en particulier la PGJ2, seraient des ligands endogènes de ce facteur 

de transcription (Foman et al.. 1995; Kliewer et al., 1995). Il est intéressant de noter qu'une 

nouvelle classe d'antidiabdtiques, les thiazolidinediones, et certains acides gras sont des 

puissants inducteurs de la diffdrenciation adipocytaire agissant par l'intermddiaire de PPARy 

(Forman et al., 1995; Kliewer et al., 1995; b e y  et al., 1997). 

Comparativement au rôle important de PPARï, les deux autres isoformes semblent avoir des 

influences plus limitées dans le développement adipocytaire (Brun et al., 1996). PPARa est 

peu exprimé dans le tissu adipeux de l'homme alors qu'il y est de façon plus abondante au 

niveau du foie, du muscle squelettique et des reins (Auboeuf et al., 1997). L'invalidation du 



gène PPARa chez la souris a démon&& que ce sous-type contribue a la régulation de la f3- 

oxydation peroxysomale Mpatique (Lee et al., 1995). 

Enfin, le PPARP, aussi appel6 PPARS, est exprime de façon ubiquitaire et serait Unpliqud dam 

le contrôle de certains gènes de la différenciation adipocytaire tel que celui de L'aP2 

(transporteur intracellulaire des acides gras) ( A d  et al., 1995). De plus, PPAM est induit au 

cours de la différenciation et est egalement activé par les thiazolidinediones et les acides gras 

satu& ou insatus& (Amri et al., 1995; Forman et al., 1997). 

1.1.3 La famille des facteurs ti motif h6licaboucle-h6lice (HLH) 

Il est interessant de noter que le domaine HLH permet B ces facteurs de former des 

homodimères ou des htitérodimeres avec les protéines de la même famille. Aprb dimérisation, 

le complexe se lie par le domaine basique (b) B des sdquences spécifiques dites E-box, situées 

au niveau des promoteurs de ghes régulés par ces facteurs. 

ADD 1 lSREBP 1 (adipocyte determination- and diffeeenticition-dependent factorl/sterol 

regulotos, element-binding protein 2 )  est un facteur B motif bHLH dont l'expression est 

induite tôt au cours de la diffërenciation (Tontonoz et al., 1993) (Figure 1.1). Ce facteur a une 

expression étroitement dépendante du processus de différenciation et exerce également un 

effet adipogénique (Kim & Spiegelman, 1996). En effet, l'expression ectopique du facteur 

ADDl dans les fibroblastes NIH-3T3 entraîne une induction de l'expression de ghes 

impliquds dans le m6taboiisme des acides gras, (Le. la synthase des acides gras qui favonse la 

synthkse des acides gras ii partir du glucose et la lipoprotdine lipase qui Favorise 

l'apptovisio~ement des acides gras suite à l'hydrolyse des TG plasmatiques), sans entraîner la 

differenciation adipocytaire. Il a également étt montrt! que des fibroblastes surexprimant 

ADDl se diECrencient grâce B une augmentation transactivatrice de PPARy2 induite par 

ADD 1 (Kim et al., 19%). 



A l'inverse de ces facteurs dits dominants positifs ou activateurs de la différenciation, il existe 

d'autres membres de la classe HLH ne possédant pas le domaine basique. Ces derniers agissent 

comme dominants négatifs en séquestrant les facteurs positifs par hétérodim&isation et en 

empêchant leur activité tramactivatrice. Les inhibitm of DNA binding (Id) font partie de cette 

catégorie de facteurs composée de quatre membres (Kadesch, 1993). L'activité 

transcriptiomelle des gènes Id2 et Id3 est diminude tr&s tôt au cours de la différenciation 

adipocytaire des cellules 3T3-F442A (Moldes et al., 1997). La surexpression ectopique de Id3 

au niveau des préadipocytes 3T3-F442A entraîne notamment une inhibition de ia 

différenciation adipocytah (Moldes et al., 1997). 

L'émergence du phhotype terminal adipocytaire est donc contrôle+ par des protéines de la 

famille des CEBP, des PPAR et des protdines ii motif HLH. Il convient de souligner que le 

processus de diffdrenciation implique une interaction dquentielle et coopdrative des membres 

A Pheure actuelle découverts des familles de facteurs tnuiscriptio~els (Loftus et al., 1997; 

Spiegelman & Flier, 1996). A ce titre, ces partenaires transcriptio~els de l'adipogen&se 

constituent des cibles moldculaires potentielles pour la conception de nouvelles stratégies 

thérapeutiques des deséquilibres métaboliques et nutritionnels. 

Au cours de la demière ddcennie, nos connaissances et l'importance accordde au tissu adipeux 

blanc se sont accrues de façon importante. Le tissu adipeux blanc, antérieurement perçu 

comme un simple isolant thennique et mécanique, est maintenant considére comme un organe 

présentant le potentiel d'influencer la rCgulation de l'équilibre lipidique et énergétique via les 

nombreux facteurs peptidiques et non peptidiques qu'il sdcrkte. Dans cette section, nous 

aborderons les principales proteines sCcrCtCes par i'adipocyte modulant le mdtabolisme des 

lipides. Par ailleurs, nous discuterons du peptide ayant coafëté ii la cellule adipeuse le statut de 

cellule endocrine, la leptine. L'accent sera Cgalement mis sur un facteur B activitd 

autocrinelparacrine teglaat la ceîîularit6 du tissu adipeux qu'est le tumor necrosisfacror alpha 



(TNF-a). Finalement, une bréve vision des facteurs angiogeniques également libér6s par 

I'adipocyte sera brossée. 

1.2.1 Proteines sécrétées et m6taboiisme des lipides 

Parmi les proteines secrdides par l'adipocyte qui possèdent une activité enzymatique, la 

lipoprotéine lipase (LPL) se retrouve aprés divers processus de maturation ii la surface 

luminale des cellules endothdiales. La LPL hydrolyse alors les triglycérides des particules 

VLDL ( v e y  low density lipoproteh) et des chylornicrons en libérant des acides gras pouvant 

être captés par la cellule adipeuse (Eckel, 1989). La régulation de cet enzyme sera discutée en 

détail dans le prochain chapitre (Chapitre 2). 

Paralklement B la LPL, la protdine acylation stimulating protein (ASP), qui a pour origine 

l'adipocyte, contrôle l'accumulation de triglycérides dans la cellule adipeuse (Baldo et al., 

1993). En fait, l'adipocyte stcrete les trois protéines du système alterne du complément: 

facteur B, D (adipsine) et B (Choy et al., 1992). Sommairement, l'adipsine, qui est une 

prothe il serine, engendre il partir des facteurs C3 et B le facteur C3a qui, aprtis attaque du 

rCsidu carboxy-terminal d'arginine, donne naissance I'ASP. Plus fortement et 

UidCpendamment de l'insuline, I'ASP est capable de stimuler la synthèse de tnglycdrides dans 

les adipocytes (Baldo et al., 1993). Dans le tissu adipeux de I'homme, spdcialement au cours 

de la période postpmdiale, la sécrétion dlASP favorise Phydrolyse des triglycérides circulants, 

renforçant ainsi lthypoth&se selon laquelle L'ASP jouerait parallèlement ik la LPL un rôle 

paracriw autorégulateur (Sdeh et al., L 998). 

Outre sa participation au contrôle de son contenu en triglycérides, l'adipocyte intervient aussi 

cians le métabolisme du cholestCro1 et des rétinoïdes. En effet, le tissu adipeux de rhomme est 

riche en ARNm codant pour la protéine de transfert des esters de cholestérol (CETP) (Martin 

et al., 1993; Radeau et al., 1995). De plus, de récents travaux montrent que la contribution du 

tissu adipeux après syllthbe et &&ion de la CETP est étroitement di& aux concentratiolls 



plasmatiques de cette proteine (Radeau et al., 1998). Le rôle de la CETP est de catalyser le 

transfert des esters de cholesttrol des particules de la fraction HDL (high densiry lipoproteins) 

vers celles de la fiaction VLDL (very low density lipoprotehs) et le transfert des triglycérides 

de cette dernière vers la première (Tall, 1995). L'incapacité de l'adipocyte il synthétiser du 

cholestérol suggère ainsi que la CETP participe vraisemblablement à l'homéostase du 

cholestérol de la cellule en favorisant la captation des esters de cholestérol dérivés des 

particules de la fhction HDL (Benoist et al., 1997). 

Dans un autre ordre d'idées, la protéine de liaison du rdtinol (RBP) est dgalement synth6tisie 

et sécr6tée par l'adipocyte (Tsutsumi et al., 1992). Cette synthése etant évaluée au quart du 

niveau observe dans Phdpatocyte, la contribution du tissu adipeux s'avére importante si l'on 

considére i'ensemble de la masse adipeuse et donc le nombre total dadipocytes de l'organisme. 

Dans la mesure o\i l'adipocyte concentre du rdtinol (vitamine A) et des esten de rttinol 

associes aux triglycCrides et au cholest6ro1, la mobilisation de l'ensemble de ces diverses 

molCcules lipophiles au cours du jeûne ou lors d'un déficit vitaminique fait apparaître le rôle 

clé de reservoir joue par l'adipocyte sur le plan physiologique. Cependant, si la régulation 

hormonale de la mobilisation des triglycérides est bien connue (Chapitre 3), celle de la 

mobilisation du r6tinol et du cholestérol demeure encore vague. 

1.2.2 Facteurs & activit6 autocrine, paracrine et endocrine 

Dans un premier temps, il convient de difinir ce que l'on entend par activités autocrine, 

paracrine et endocrine. Tel qu'illustrd la Figure 1.2, une activitd endocrine réfère & la 

capacité par une glande spécialide de s6crtter des hormones qui sont relarguees dans la 

circulation pour agir sur des ceilules cibles distantes de leur lieu de synthése. Par ailleurs, les 

hormones sdcrétties par une cellule pouvant influencer des cellules avoisinantes sont dites B 

activitb paracrine. Pddemen t ,  les hormones sécrétées par une cellule daas le compartiment 

péricellulaire et dont l'action dgative ou positive est exercde sur cette même cellule dfêrent B 

une activitt autocrine. Bien qw ceci ne soit pas ülusûé. il est intCressant de noter pue les 



hormones peuvent aussi exercer leur action sur la même cellule sans toutefois passer par le 

milieu péricellulaire. On definit cette activite comme étant intracrine (Labne, 199 1). 

Endocrine Paracrine Autocrine 

Fi y re  1.2 Reprdsentation schdmatique d'une sdcrCtion hormonale à activitd endocrine, 

p a r a c ~ e  ou autocrine. Adapté de Labrie F (1991). 

Le concept selon lequel la masse adipeuse peut être réglée via des facteurs cuculants sécrétés 

par le tissu adipeux résulte d'expdriences de parabiose entre rats normopondéraw et rats 

devenus obèses aprhs ldsion hypothalamique ainsi qu'entre souris obèses de gdnotypes oblob 

et db/db (Coleman, 1978). Le clonage du &ne ob chez la souris et l'homme et dont le produit 

est la leptine a valide cette hypothése (Zhang et al., 1994). La leptine exerce son action ii partir 

du noyau ventro-mddian de l'hypothalamus en inhibant la production du neuropeptide Y qui 

par comdquent entraine une diminution de la prise alimentaire chez l'animal (Stephens et al., 

1995; Wang et al., 1997). La leptine joue &galement un rôle au niveau du système nerveux 

central en augmentant la ddpense dCnergie (Pelleymounter et al., 1995). 

Contrairement au modèle de souris ob, I'obCsitC tributaire d'un défaut dans le ghne ob 

conduisant B une absence totale de leptine stav&re très rare chez l'homme. Il existe toutefois 

quelques rares cas d'humains deficients en leptine caractérisds tel que prCw par une 

hyperphagie chronique et constquemment une obCsité consid6rable. De récents travaux 

cliniques ont tCvClC que l'administration quotidieme de leptine durant une année compltte 

chez une jeune fille incapable de produire l'hormone a conduit B une perte de masse corporelle 



de 16 kg, majoritairement expliquee par la perte de masse grasse (Farooqi et al., 1999). Il faut 

toutefois garder B l'esprit que le nombre de patients dont l'obésitd résulte d'une absence de 

leptine en circulation ou d'un défaut dans son récepteur est infi& (Yeo et al., 1998). Ceci 

explique notamment la raison pour laquelle le traitement de L'obésité dans la population par 

l'administration de la leptine est peu fnictueux jusqu'à ce jour (Heymsfield et al., 1999). 

Le fait que les adipocytes atteignent une taille maximale au-del8 de laquelle de nouvelles 

cellules sont recrutees suggére également L'existence de facteurs locaux provenant des 

adipocytes hypertrophies. Dans le tissu adipeux de L'homme, le RIF-a est absent du 

préadipocyte et n'est synthétisé que dans l'adipocyte (Hauner et al., 1995). L'expression de 

1'ARNm codant pour le TNF-a est proportionaelle B l'indice de masse corporelle (Kem et ai., 

1995). A l'inverse, et tel qu'attendu, une restriction calorique entraine une diminution du 'NF- 

a mesuré dans le tissu adipew (Kem et ai., 1995). Chez l'homme, une relation inverse entre 

l'expression de TNF-a et l'activité de la LPL du tissu adipew et son transcrit (Kem et al., 

1995) ainsi que d'autres gtnes de la lipogenése (Le. les transporteurs de glucose (Glut-4) 

(Hotamisligil et al., 1993) et l'adipsiae (Torti et al., 1985)) suggère une action locale du RIF- 

a limitant l'hypertrophie des adipocytes. De plus, il a &té démontrd que le RIF-a stimule 

I'activitd lipolytique d'adipocytes humains differenci6s (Hauner et al., 1995). Par ailleurs, 

l'inhibition de l'action de l'insuline et de son rdcepteur par le TNFa a recemment et6 

rapportde au niveau d'adipocytes humains en culture suggérant ainsi un rble potentiel de cette 

cytokine dans le ddveloppement de l'insulinorésistance (Liu et al., 1998). Enfin, mentionnons 

que les m~canismes par lesquels cette cytokine est secr&ée par le tissu adipeux demeurent 

encore imprécis (Mohamed-Ali et al., 1998). 

Les adipocytes humains sdcrètent tgalement l'interleukine-6 ( I L 4  (i-iotamisligil et al., 1995). 

La concentration plasmatique en iL-6 &nt proportio~elle à l'indice de masse corporelle 

(Hotamisligil a al., 1995). le tissu adipeux p o d t  se révéler une source importante de cette 

cytokine. L'IL6 diminue comme le TNF-a l'expression de la LPL (Fried et al., 1998) et active 

la lipolyse de la ügnée cellulaire 3T3-L 1 (Berg et al., 1994), suggérant B nouveau un rôle local 



de cette cytokine dans la régulation de l'entrée et de la sottie des acides gras dans le tissu 

adipeux. 

Le tissu adipeux constitue aussi une source importante d'angiotensinogène après le foie (Harp 

& DiGuolamo, 1995) et on ne peut exclure qu'une sécrétion accrue d'angiotensinogène puisse 

conduire chez l'homme, via l'angiotensine II, une augmentation de la tension artérielle 

(Fredench et al., 1992). Par ailleurs, la sdcr&ion et l'expression de l'inhibiteur de l'activateur 

du plasminog&ne, PAI- 1 (plasminogen actfvated inhibitor receptor-l), ont été rapportées au 

niveau d'explants de tissu adipeux humain (Alessi et al., 1997; Eriksson et al., 1998) ainsi que 

de preadipocytes humains en culture (Crandall et al., 1999). L'individu obése presente 

vraisemblablement une sdcdtion ainsi qu'un niveau d'expression de PM-1 augmentes dans le 

tissu sous-cutané abdominal comparativement il celui d'une personne de poids normal 

(Eriksson et al., 1998). De cecents travaux ont aussi rapporte une augmentation de son 

expression au niveau du depôt intraabdomid comparativement au site sous-cutané (Alessi et 

al., 1 997). En se basant sur le fait que PAL 1 diminue la fibrinolyse et donc augmente le risque 

de thrombose (Reilly et ai., 1991; Vaughan et al., 1992), la sdcrdtion accrue de PAL1 au 

niveau des dépôts adipeux profonds est à la base de l'hypothése suggdrant qu'il pourrait 

contribuer ii l'augmentation des probkmes vasculaires associds B ce type â'obisité (Alessi et 

al., 1997). Cependant, le mecanisme responsable des forts taux d'expression de ce facteur 

angiogdnique associes A I'obésite s'avkre encore inconnu. 

En rdsurné, l'adipocyte se revéle capable binteragir dans son propre environnement et avec 

d'autres organes et systémes. Les diffërentes protéines (LPL, ASP), hormones (leptine) et 

cytokines (TNF-a) sécrdtdes par l'adipocyte (Figure 1.3) mettent fui B rire où le tissu adipeux 

etait perçu comme un simple réservoir m6taboliquement inactif. En effet, son statut d'organe 

sécréteur, synthétisant et lib6rant un grand nombre de moldcules de nature peptidique et non 

peptidique lui confère un rdle de pilier offensif pouvant intervenir dans la rtgulation de 

i'équilibn énergCtique. 



Figure 1.3 Facteurs peptidiques et non peptidiques sécrétés par l'adipocyte et leur action 

respective. TNF-a: tumor necrosis factor alpha; LPL: 1ipoprotCine lipase; Glut4: transporteur 

de glucose 4; TG: triglycérides; ASP: acylation stimuIutingprotein; ILd: interleukine-6; PM- 

1: plasminogen acfivoled receptor-1; CETP: proteine de transfert des esters de cholestérol; 

RBP: protdine de liaison du rétinol. Adapte de Mohamed-Mi et al. (1 998). 

1.3 L '(Idipocyte, cellule tampon de notm environnement 

Notre qualit6 de vie et notre confort se sont consid&abIement améliorés au cours de P6re 

industrielle. Cependant, cette période a aussi Cté caract6risée par la mise en mfvch6 de produits 

synthétiques de tout usage présentant une haute résistance B la dbgradation, les organochlorés. 

Ces produits furent et sont pour certains encore utilisds ii titre d'insecticides, de fongicides, 

d'herbicides, d'agents de contrôle du feu, de di6lectriques a de constituants plastiques. En plus 



de présenter une résistance à La dégradation, les organochlores s'avèrent solubles dans les 

graisses et peuvent donc s'accumuler au niveau de l'adipocyte. À cet égard, la bioconcentration 

des organochlorés s'accentue au fur et à mesure que l'on progresse vers le sommet de la chahe 

alimentaire (McFarland & Clarke, 1989). Cette bioaccumulation d'organochlorés dans 

l'envùo~emeat et chez l'homme fait l'objet depuis plusieurs années de préoccupations par la 

communauté scientifique en raison des effets potentiellement nefastes connus de ces derniers 

sur les syst&nes neurologique (Keifer & Mahurin, 1997; Rogan & Gladen, 1992), endocrinien 

(Brouwer et ai., 1998) et reproducteur (Carlsen et ai., 1992). Sur la base du fait que les 

organochlorés s'accumulent notamment au niveau des reserves sous-cutanées et profondes de 

tissu adipeux de l'homme (Chevrier et ai., 2000; Dewailly et al., 1999), il n'est pas exclu que 

ces demiers puissent exercer leurs effets sur diffCrents enzymes, récepteurs ou facteurs 

transcriptionnels influençant I'équilibre lipidique de l'adi poc yte. Les prochaines lignes mettent 

l'accent sur quelques Ctudes ayant Cvalut l'impact de certains organochlores sur le 

métabolisme du tissu adipew. 

1.3.1 Organochlor6s et mdtabolisme de la cellule adipeuse 

Les effets sur la regdation du métabolisme lipidique de Fadipocyte ont principalement été 

6tudies avec Le 2,3,7,8-tetrachlorodibemo-p-dioxine (TCDD), l'un des membres les plus 

toxiques de la grande famille des hydrocarbures polyaromatisés que forment les dioxines, les 

furanes et les biphény les (Poland & Knutson, 1982). L'une des caractdristiqws prdminentes 

de l'action toxique du TCDD est l'induction de la perte de masse grasse chez les animaux 

traités en raison de son effet hypophagiant (Keliing et al., 1985). La malabsorption des 

nutriments (Neal et al., 1979) et la hausse du mCtabolisme Cnergdtique (Neal et al., 1979) ne 

sont pas l'origine de la perte de poids des animaux contaminCs. Au cours des dernières 

années, un rôb direct de ce compos6 a Cgalement et6 observk au niveau du mttabolisme 

adipocytain. En effet, certains travaux ont rapport6 une diminution notable de I'activitt 

enzymatique des molCcules impliquées dans la lipogenèse du tissu adipew telles que le 

transporteur de glucose de type 4 (Glut 4) (Enan et al., 1992; Liu & Matsumura, 1995), la LPL 

(Brewster & Matsumura, 1988) et la oyathase des acides gras (FM) (Lakshman et al., 1989) 



chez des animaux traités au TCDD. L'altdration de la capacité de différenciation de 

préadipocytes de la lignée celiulaue 3T3-L1 traités au TCDD est également mise en cause 

dans la perte de masse grasse induite par ce polluant et s'explique notamment par l'inhibition 

par le TCDD d'un facteur transcriptionne1 important impliqué dans la différenciation 

adipocytaire, le C/EBPa (Liu et al., 1996). 

L'ensemble de ces observations suggère que le TCDD entraîne des effets marques sur le poids 

corporel d'animaux traités, ce qui s'explique par des modifications notables au niveau 

d'enzymes à caractére lipoghique (Glut 4, LPL, FAS) et de facteurs transcriptionnels 

(CEBPa) modulant le métabolisme de l'adipocyte. D'un point de vue global, il n'est pas 

impossible que d'autres contaminants puissent entraîner des effets similaires ou encore 

contraires iî ceux ddcrits ci-dessus. De plus, ttant dom6 le nombre important de polluants 

pouvant s'accumuler dans le tissu adipeux, il se peut que certains effets rdsultant de la présence 

d'un organochloré quelconque soient contrecads par une autre substance domde. L'impact 

des organochlorés sur le métabolisme du tissu adipeux de l'homme demeure totalement B être 

exploré. 



&GULA~ON DE L'ACIIV* DE LA L/POPROT.E WASE DU 77SSU 

ADIPEUX HUMAIN 

Tel que rnentiomd pcécddemment, la 1ipoprotCine lipase (LPL) est un enzyme responsable de 

l'hydrolyse des triglycérides transportds par les chylomicrons et les lipoprotéines de tns basse 

demit6 (VLDL) du plasma sanguin. Dans le tissu adipeux, cet enzyme joue un rôle rdgulateur 

clé au niveau de l'entrée des lipides dans l'adipocyte. A cet égard, il a ét6 rapport6 que 

l'activitk de la LPL était fortement reliée à la grosseur des cellules adipeuses A la fois chez 

i'homme et la femme (Fried & Kral, 1987; Rebuffd-Scrive et al., 1985; Rebuffë-Scrive et al., 

1987). L'existence d'associations positives entre la masse adipocytaire sous-cutanée, l'indice 

de masse corporelle et l'activitd de la LPL est aussi à la base de l'hypothiise suggérant un rôle 

physiopathologique &entuel de l'activité de cet enzyme dans le développement de l'obésité 

chez l'homme (Eckel, 1989). Au cours de la prochaine section, nous aborderons le mécanisme 

d'action de la LPL et nous nous intdresserons Cgalement aux divers facteurs modulant l'activité 

de cet enzyme. 



Les travaux portant sur la synthèse de la LPL ont 6té le plus fhiquernment effectués sur le tissu 

adipeux. Cependant, le schdma de synthése proposé ci-dessous (Figure 2.1) s'applique 

également a d'autres tissus tels que le coeur, le muscle squelettique ou la glande mammaire. 

Activation LPC 

Pdcuneura 

Figure 2.1 Biologie cellulaire de la lipoproteine lipase. RE: réticulum endoplasmique; G: 

appareil de Golgi; VS: vésicules sécr6trices; L: lysosomes; VLDL: lipoprottine de trts faible 

densité. Adapt6 de Eckel RH (1989). 

En rCsumC, la LPL est synthCtiste sous une forme inactive rnonorntrique au niveau du 

réticulum endoplasmique. Ce précurseur est ensuite transporté vers l'appareil de Golgi où il 

acquiert les caractCristiques de l'enzyme actif, glycosyle et dimerique (Ailhaud, 1990). La 

LPL mature s'accumulerait ensuite B l'inttrieur de vCsicdes sécdtrices et en prCsence de 

facteurs tels que l'héparine ou d'autres facteurs hormonaux (i.e. insuline, cortisol), l'enzyme 

actif serait sécrété et haasfçlé vers la paroi de l'endothélium vasculaire des capillaires 



adjacents pour aller se fixer au niveau de protéoglycans liés à la membrane de leur face 

inûaluminale. Lorsqutil n'atteint pas la paroi de l'endothélium vasculaire, l'enzyme peut être 

recapté par les vésicules sécrétrices ou encore être dégradé par les lysosomes. 

L'activité de la LPL dépend de certains facteurs. En effet, l'activité optimale de cette dernière 

s'avere être en pH alcalin (Bengtsson & Olivecrona, 1982). De plus, pour aîteindre une 

activitb maximale, la LPL nécessite la présence d'une apolipoptotéine CI1 (apo CII) que l'on 

retrouve dans les lipoprotéines de trks faible densité (VLDL) et les chylomicrons. Ainsi, les 

substrats physiologiques de la LPL que sont les VLDL et Les chylomicrons apportent B la fois 

tnglycendes (TG) et cofacteurs (Chung & Scanu, 1977). 



La LPL, aprés synthèse et transfert au niveau de la membrane externe des cellules 

endothéliales, se trouve donc en contact avec la circulation sanguine. C'est à ce niveau qu'elle 

hydrolyse les TG inclus dans les VLDL provenant du foie et les chylomicrons formés dans 

l'intestin en situation postprandiale. Au cours de l'hydrolyse des lipoprotéines riches en TG, la 

lipoprotéine sera temporairement immobilisde contre la paroi endothéliale. Comme nous 

l'avons mentionnd précédemment, les VLDL et chylomicrons vont se lier la LPL 

essentiellement par l'inteddiaire de l'apo CI1 qu'ils contiennent & leur surface. Il semble 

qu'une VLDL (ou un chylomicron) subisse dans le courant sanguin plusieurs hydrolyses 

successives (Higgins & Fielding, 1975). Aprts plusieurs cycles d'attachement et de 

détachement, la VLDL sera ainsi rnétabolistie en résidus de VLDL (Figure 2.2). A ce stade, 

non seulement une grande partie des TG inclus dans la IipoprotCine est déji hydrolysée, mais 

on note Cgalement un transfert d'une partie des constituants de surface de la lipoprotéine (Le. 

apo CII, phospholipides et cholestérol) aux lipoproteines de haute densité (HDL) en 

circulation (Felts et al., 1975). 



Figure 2.2 Métabolisme des VLDL: implication de la lipoprotéine lipase. VLDL: lipoprotdine 

de trés faible densité; Apo: apolipoproteine; HDL; lipoprotdine de haute densité; LDL: 

lipoproteine de faible densite. Adapte de Onindy SM (1990). 

Le transfert de I'apo E des r6sidus de VLDL aux HDL fait également partie de cette voie 

métabolique qui donnera naissance aux métabolites intermédiaires des VLDL, les IDL. 

Progressivement, les IDL redonneront le restant d'apo C de types II et III aux HDL et 

deviendront alors des lipoprotéines de faible densite (LDL). L'avenir métabolique des LDL est 

fonction d'un récepteur spécifique situé k la d â c e  des cellules du foie, le récepteur BE. Ce 

dernier reconnaîtra la protdine B phente A la surface des LDL et dégradera cette derniére en 



ses différentes composantes. Il est important de noter que la perte de lipides (TG et 

phospholipides) qui suMent Ion des échanges d'apolipoprotéines est catalysée par la lipase 

hdpatique. Tout au cours de cette cascade de transformations des VLDL en LDL, les HDL 

transfèrent du cholestérol estdrifié A toutes ces classes de particules en échange de molécules 

de TG. Ceci modifie graduellement la composition du noyau lipidique des lipoprotéines 

circulantes (Figure 2.2). 

L'hydrolyse des TG a l'intérieur des chylomicrons s'effectue selon un processus comparable à 

celui des VLDL. Toutefois, en ce qui concerne le transfert des constituants de surface, il faut 

se rappeler que les chylornicrons contiennent en plus de l'apo AI (Glickman & Green, 1977). 

Similairement aux particules de LDL, les rdsidus de chylomicrons, grâce B leur apo E, seront 

reconnus par le rkepteur L W  (LDL receptor relatedprotein) situe B la surface des celldes 

hépatiques. Le résidu se fixera ainsi au récepteur et pCn&trera d a m  la cellule hépatique ou il 

sera dégndd en ses diff4rents constituants. Ces derniers seront recyclCs dans la synthése de 

lipoprotéines (VLDL) ou élimints. Enfin, lors de I'hydrolyse des TG par la LPL, les acides 

gras libérds traversent la paroi des capillaires sanguins et pénètrent dans les cellules où ils vont 

être, selon les cas, oxydés (apport energétique pour les cellules musculaires et cardiaques) ou 

bien réestérifiés (formation de dépôts de TG dans les cellules adipeuses). 

En résumé, la LPL joue un rôle essentiel dans l'assimilation des acides gras au niveau des 

tissus. De plus, par son action sur le catabolisme des VLDL et des chylomicrons, elle participe 

de maniére tr&s active b la modulation de la concentration en lipoprotéines circulantes. 



2.3 Facteurs modulant l'activité de la LPL 

2.3.1 Effet du sexe, de It&ge, de la territorialite du tissu adipeux et de Itobésit& 

Il est bien connu que la femme préménopausée prdsente une activité de la LPL supérieure à 

celle de l'homme au niveau des sites adipeux sous-cutanés abdominal et fémoral (Amer et al., 

1991; Lithell et al., 1978; Pedersen et al., 1994; St-Amand et al., 1995). Par ailleurs, peu 

d'études se sont penchées sur les effets de l'âge au niveau de l'activité de la LPL adipeuse. En 

effet, l'activité de la LPL des sites adipeux abdomiaal, mammaire et fémoral a été mesurée 

uniquement chez des femmes prC et postmCnopaust5es (Rebuffié-Scrive et al., 1986). À ce titre, 

aucune diffknce régionale au niveau de Factivite enzymatique de la LPL de ces trois sites n'a 

étC rapportbe. Les rdsultats composant le Chapitre 10 ont dgalement démontré Pabsence de 

différence entre l'activité de la LPL des sites sous-cutsuids abdominal et fémoral de femmes 

pré et postmenopausées prdsentant des niveaux comparables d'obésité. De plus, tel que 

rapport6 dans le Chapitre 8, l'activité de la LPL des sites adipeux sous-cutanés abdominal et 

fémoral d'hommes jeunes et moyennement âgés s'avkre comparable. 

Quant l'effet de la territorialitt, il convient de noter pue l'activité de la LPL du site glutéo 

fémoral est plus marqude que celle du site abdominal chez la femme préménopausée (Amer et 

al., 1991 ; Lithell et al., 1978; Pedersen et al., 1994; Pouliot et al., 1991 ; Rebuffé-Scrive et al., 

1985; St-Amand et al., 1995; Yost & Eckel, 1992). Chez Phomrne, l'activité de cet enzyme 

apparaît plus Clevée au niveau sous-cuian6 abdomhaî comparativement au site fernorai (Amer 

et al., 1991). bien que certaines dtudes aient aussi rapporte l'absence de différence régionale 

(Rebuffë-se rive et al., 1 987; St-Amand et al., 1 995). Contrairement aux données relatives ara 

sites sous-cutanés, les Ctudes ayant mesuré i'activitd de la LPL des sites adipeux profonds sont 

moins nombreuses. Fried et Kra1 (1987) ont rapport6 une activité de la LPL supérieure au 

niveau de la region soustutanée abdominale comparativement B l'omenhim chez la femme 

atteinte d'obCsitC massive. Par ailleurs, d'autres Ctudes n'ont relevt aucune diffdrence 

significative entre ractivité enzymatique de la LPL de l'omentum et celle de la dgion sous- 



cutanée abdominale d'hommes et de femmes de poids n o d  ou sévèrement obèses (Mauriège 

et al., 1995a; Rebdé-Scrive et al., 1989; Rebuffé-Scnve et al., 1990). 

2.3.2 Effet des hormones 

Parmi les hormones modulant l'activité de h LPL, l'insuline est l'une des plus importantes 

(Garf ie l  et al., 1976). En effet, il a été mon&& que l'insuline augmentait l'activiti de la LPL 

adipocytaire en accentuant la transcription du géne et le taux de synthese de cet enzyme chez 

le rat (Ong et al., 1988). Ces résultats ont également et6 codimés ulterieurement chez 

l'humain par l'étude d'échantillons de tissu adipeux (sous-cutd de la region abdominale) 

incubés dans un milieu de culture oii la concentration d'insuline variait (Burton & Fned, 1992; 

Fried et al., 1993). Chez l'homme, l'augmentation de I'activitd de la LPL adipocytaire est 

positivement correlée A la dose d'insuline administré+ (Eckel, 1989). Ces d o ~ d e s  confument 

la contribution importante de l'insuline aux changements d'activité de la LPL observés lors 

des différentes conditions nutritionnelles mentiomdes précédemment. 

D'autres hormones exercent également ua contrôle sur l'activité de la LPL du tissu adipeux. A 

cet dgard, il a déji dte rapport6 que des femmes atteintes du syndrome de Cushing, qui rdsulte 

notamment en de fortes concentrations plasmatiques de glucocorticoïdes, présentent une 

augmentation de l'accumulation de tissu adipeux sous-cutané abdominal et de l'activité de la 

LPL des adipocytes de cette region (Rebuffé-Scrive et al., 1988). De plus, il a été démontrd 

qu'en presence de dexadthasone, un glucocorticoïcie synthétique, l'activitd et le transcrit de la 

LPL sont Ugtrement augmentés au niveau des tissus sous-cutanés abdominal et omental B la 

fois chez l'homme et la femme (Fried et al., 1993). Au niveau de ces mêmes sites adipeux, il a 

aussi Cté démontré qu'en présence d'insuline et de dexam~thasone, l'activité et la transcription 

de la LPL sont stimukes de fqon synergique. Des résultats similaires ont éte rapportes alon 

que les échantillons de tissus adipeux (sous-cutands abdominal et fémoral, omental) étaient 

incubés dans un milieu contenant cette fois de l'insuline et du cortisol (Ottosson et al., 1994). 



La progestérone semble aussi promouvoir le stockage des graisses en stimulant l'activité de la 

LPL des adipocytes de la dgion glut6o fémorale (Lindberg et al., 1990; Lindberg et al., 199 1 ; 

Xu & Bj6mtorp, 1990). Par aillem, il a été démontré que l'administration de testostérone 

chez l'homme inhibe Pactivitk de la LPL des adipocytes sous-cutanés abdominaux alors 

qu'aucun effet n'a été observé au niveau des cellules adipeuses fdmorales (Rebuffé-Scrive et 

al., 1991). 

Finalement, mentionnons l'implication de l'hormone de croissaace au niveau de la régulation 

de I'activitd de la LPL adipocytaire. En effet, une étude mende chez des femmes obéses 

traitées à i'hormone de croissance pour une durie de 5 semaines a révélé une baisse d'environ 

50% de Pactivitd de la LPL des tissus sous-cutanés abdominal et gluteal (Richelsen et ai., 

1994). Pour leur part, Ottosson et ai. (1995) ont ddmontr6 en incubant des échantillons de tissu 

adipeux sous-cutané abdominal que lrionnone de croissance contredgule les effets stimulants 

du cortisol sur l'activitd de la LPL et ce, sans toutefois entraîner une diminution de la 

transcription simultanée de l'enzyme. Ces dernières observations suggérent ainsi que 

I'inhibition de l'activité de la LPL par I'hormone de croissance pourrait survenir au niveau des 

mécanismes traductio~els et/ou posttxaductionnels de i'enzyme. 

En r h u n é ,  la LPL peut être soumise ii de nombreuses actions hormonales qui ne sont pas 

encore toutes bien connws. Rappelons que l'action de ces hormones s'exerce essentiellement 

pendant la phase où la "particule" de LPL se trouve dans la cellule. Une fois secrétde hors de 

la cellule, la LPL échappe au contrôle hormonal potentiel. 

2.3.3 Effet du jeûne ou d'un rdgime hypocalorique 

L'activite de la LPL du tissu adipeux sous-cutané varie en fonction de M a t  métabolique d'un 

individu. En effet, cette demiikre augmente en situation postprandiale (Lithell et al., 1978) 

ainsi qu'après une surcharge glucidique (Taskinen & Nikkilii, 198 1). alors qu'elle diminue en 

situation de jeûne (Lithell et al., 1978; Taskinen et al., 1981). L'existence de relations 



positives entre l'activité de la LPL du tissu adipeux, la masse des adipocytes et l'indice de 

masse corporelle renforce l'hypothèse d'un rôle physiopathologique de la LPL dans le 

développement de l'obésité (Eckel, 1989). A cet égard, plusieurs groupes de recherche ont 

Ctudii l'impact d'une perte de poids sur l'activitd de cet enzyme qui contribue en bonne partie 

au stockage des graisses du tissu adipeux. 

Schwartz et Brunzell (1978) furent les premiers B observer que des individus caractérisés par 

une obésité réduite présentent une activité de la LPL du tissu adipeux sous-cutané supérieure à 

celle de sujets contrôles pairés pour une même proportion de masse adipeuse. Plus tard, ces 

derniers auteurs confirmèrent leurs résultats en rapportant qu'aprés perte de poids, l'activité de 

la LPL du tissu adipeux glutéal de sujets caractérisés par une obésitd réduite est en moyenne 4 

fois supdrieure à son niveau basal (Schwartz & Brunzell, 1981). Au cours de ce protocole, 8 

hommes obtses avaient subi une perte de poids moyenne de 16 kg via un:: diète liquide (600 

kcal/jour) d'une durCe variable. Plus précisément, le traitement prenait fin au moment où le 

sujet considérait qu'il ne serait plus en mesure de maigrir ou bien loaqu'il présentait le désir 

d'arrêter la diéte. Au cours de cette étude, il a &té d6montré que l'augmentation de l'activité de 

la LPL est inversement associée ii la fraction de poids perdu au cours du traitement, suggérant 

ainsi que la LPL du tissu adipeux joue un rôle important au niveau du maintien de la masse 

adipew. 

A la lumière de ces domdes, les auteurs ont propos6 que la présence d'une activité basale 

élevée de la LPL chez les individus obeses et son augmentation aprés une perte pondérale peut 

constituer une partie des mécanismes favorisant le maintien d'une masse adipeuse élevde de 

l'individu obèse et peut également expliquer la prédisposition au regain de poids à laquelle les 

individus "post-obtses" sont conftontés. Ces mêmes hypothéses ont dté dtayées par 

l'intermédiaire d'une &tude montrant qu'une perte de poids consid6rable (en moyenne 43 kg) 

d'individus massivement obèses entraîne une éltvation B la fois de l'activité et de I'expnssion 

de la LPL adipew de la r6gion sous-cutanée abdominale (Kem et al., 1990). 

A l'inverse, d'autres Ctudes ont ddmontré un maintien (Surbris et al., 1981) ou une baisse 

(Eckel & Yost, 1987; RebufEi-Scrive et al., 1983; Reitman et al., 1982; Taskinen & Nikicilii, 



1987) de l'activité de la LPL suite une perte pondérale. Plusieurs hypothèses ont été 

avancées dans le but d'expliquer cette controverse. La valeur initiale de l'activité de la LPL 

semble notaxnment importante B considérer. En effet, il a été démontré que le changement 

d'activitc! de la LPL entre son niveau basal et suite a une perte de poids est inversement 

associé A l'activite basale de l'enzyme. Ainsi, un individu ayant une faible activité de la LPL 

avant la diète présenterait une forte activité enzymatique en situation d'obésité réduite et vice- 

versa (Eckel et al., 1987). Il semble pertinent de rappeler que l'activité de la LPL ainsi que son 

expression dans les régions adipeuses fémorale et glutéale sont génénlement plus élevCes 

qu'au niveau du ddpôt sous-cutand abdominal chez les femmes préménopausées alors que 

l'inverse est observé chez l'homme (Amer et al., 1 991; Rebuffd-Scrive et ai., 1985). 

La petiode de restriction energétique et la quantite de poids perdu au cours de cette période 

peuvent aussi jouer un rdle non negligeable dam la variation d'activité de la LPL du tissu 

adipeux En effet, les deux principales études (Kem et al., 1990; Schwartz et al., 198 1) ayant 

entraînd des pertes de poids moyennes considdrables (16 et 43 kg, respectivement) suite à une 

restriction energétique font Ctat d'une augmentation de l'activité de la LPL. Par ailleurs, les 

études ayant rapporte une diminution de l'activité de la LPL adipeuse soulignent des pertes de 

poids moyennes se situant entre 4 et 12 kg (Eckel et al., 1987; RebufTé-Scrive et al., 1983; 

Taskinen et ai., 1987). Ces dernieres observations concordent avec les résultats présentés au 

Chapitre 6 qui traite de l'impact d'une perte pondérale moderde sur l'activitd de la LPL des 

sites sous-cutanés abdominal et fëmoral d'hommes et de femmes obèses. 

2.3.4 Effet de l'exercice 

Les études ayant trait6 des ef%ets ii court terme de L'exercice sur l'activité de la LPL rapportent 

unc hausse de cette demi&=. En effet, TasLinen et al. (1980) ont relevd une augmentation de 

l'activitt de la LPL du site abdominal chez des sujets entraînCs ayant parcouru 20 km h la 

course. Dans le même ordre dtidCes, une augmentation significative de L'activite de l'enzyme 

du site abûorninal chez des individus sédentaires mite à ua exercice de 90 minutes (ergocycle, 



88% de la fréquence cardiaque de ceserve des sujets) a été observée (Savard et al., 1987). Le 

mécanisme responsable de cette hausse de l'activité de la LPL demeure toutefois inconnu. 

En ce qui a trait aux effets B long terne de l'exercice, les résultats issus de la littérature 

actuelle sont un peu plus controversés. Une augmentation de l'activité de la LPL adipeuse a dté 

rapportée chez des hommes de poids nomial ayant effectué un programme d'entraînement 

dune dwde de 15 semaines ii une intemit6 modérde (Peltonen et al., 198 1). Ces résultats ont 

été confirmés par Stubbe et al. (1983) qui ont soumis 18 sujets à un entrainement de 6 

semaines ;1 une intensité de moyenne il forte. A Finverse, un entraînement aérobique d'une 

durée de 24 semaines de faible intensité a entraîné une diminution de l'activité de la LPL des 

sites sous-cutanés abdominal et fémoral de femmes pr6rnenopausées obéses (Lamarche et al., 

1993). Par ailleurs, la pratique d'exercices de nature adrobique d'une durée de 60 minutes 

rdalis& B 60.75% de la VO2max sur une pdriode de 2 semaines n'a été associée à aucune 

variation de l'activitd, de la masse et de I'ARN messager de la LPL du site sous-cutanée 

abdominal d'hommes sédentaires et de poids normal (Seip et al., 1995). Finalement, il 

convient de souligner qu'une p&iode de desentraînement de 2 semaines chez des athlètes 

d'élite suffiit pour entraîner une augmentation de i'ordre de 86% de l'activité de la LPL du site 

sous-cutané abdominal (Simsolo et al., 1993). 



11 est bien cornu que la plupart des réserves d'énergie de l'organisme sont emmagasinées sous 

forme de triglycdrides au niveau du tissu adipeux. La libération des acides gras libres (AGL) 

non estérifiés issus de la ddgraâatioa des triglyc6rides intraadipocytaires et libérés dans la 

circulation sanguine permet de subvenir aux besoins énergdtiques de l'organisme et constitue 

une fonction très spécifique du tissu adipeux, la lipolyse. De façon plus précise, les AGL 

plasmatiques peuvent être captés rapidement par les hépatocytes où ils seront estérifi& et 

emmagasinés sous forme de triglycérides. Au niveau du foie, les AGL peuvent également 

sewir de constituants pour la formation de lipoprotdines de très faible demit6 (very low demi@ 

lipoproteins, VLDL) qui seront relarguées en cuculation (Lewis, 1997). Finalement, les AGL 

peuvent être captes par les tissus périphdriques, notamment les muscles, daas le but de 

répondre aux besoins énergdtiques de l'organisme. 

Au-delà de leur contribution essentielle ii Pequilibre tnergétique de l'organisme, les AGL 

peuvent avoir un rôle métabolique particulièrement d&l&re loaqu'ils demeurent longtemps et 

en exces dans la circulation. En effet, certaines &idences sugg&rent que les AGL peuvent être 

associds au dkveloppement de l'insulinorésistance et ik l'apparition du diabhte 

noninsulinoddpendant chez des individus présentant une surcharge pondhie (Boden, 1997; 

Frayn et al., 1996; Randle et al., 1963). 

En dgle gCnérale, les voies lipolytiques sont activées dans des conditions diverses teiies que le 

jeûne et îe stress de dBCrentes origines (activité physique, exposition au froid, infection). La 



mobilisation des lipides est notamment provoquee à très court terme par divers agents libdrés 

au cours d'un stress (amines physiologiques, polypeptides lipolytiques), par des molécules ii 

effet autocrinefparacrine (adénosine, prostaglandines), mais également à plus long terme par 

une baisse ou un déficit en insuline. Par ailleurs, il convient de souligner que l'hydrolyse des 

triglycérides est assude par un ensemble d'enzymes et de récepteurs caractérisant l'adipocyte 

(Figure 3.1). Mentionnons notamment la lipase hormono-sensible (LHS) qui est responsable 

de l'hydrolyse des tnglycerides emmagasinCs daas l'adipocyte (Holm et al., 1989; Lmgin et 

al., 1996) dont l'activité est principalement régulée par l'activation des r6cepteurs $- et az- 

adrénergiques qui sont couplés B l'adenylyl cyclase par le biais de protéines activatrices (Gs) 

ou inhibitrices (Gi), contrôlant ainsi les niveaux intracellulains d'AMPc. L'adénylyl cyclase 

catalyse l'hydrolyse de FATP en AMPc qui induit une prothe kinase (PU) responsable de 

l'activation de la LHS. Par ailleurs, l'insuline agit sur un récepteur spécifique (Insulin-R) 

couplé & I'inmlin receptor substrate 1 (IRS-l), protçine cytosolique phosphorylable dont 

l'activation via les mitogen activating protein (MM)-kinases se traduit par la stimulation 

d'une phosphodiestdrase (PDE) qui degrade l'AMPc en 5'-AMP (L6nmoth & Smith, 1986). 

Finalement, l'adénosine exerce un effet antilipolytique via le récepteur Al  (AI -R) qui est 

couplé cigalement une protéine régulatrice de type Gi (Ohisaio et al., 1984). Concernant la 

lipogenése, les acides gras provenant de l'hydrolyse des TG contenus dans les lipoprotéines 

(VLDL, chylomïcrons) sous I'action de la lipoprotkine lipase (LPL) sont transportés dans la 

cellule adipeuse. Le glucose pénétre dans l'adipocyte grâce B un transporteur (Glut 4) pour être 

hsuisformd en glyc6rol-3-phosphate (G3P) qui formera les TG avec les AGL. 



Figure 3.1 Caractéristiques des elérnents de la membrane plasmique et des systémes de 

transduction du signal de l'adipocyte impliques dans le contrôle de la lipolyse et de la 

lipogenése. AGL: acides gras libres; AR, récepteur adrdnergique; Gs: proteines activatrices; 

Gi: protéines inhibitrices; LHS: lipase hormono-sensible; Insulin-R: récepteur l'insuline; 

IRS- 1 : insulin receptor srbstrate- 1; MAP: mitogen activated protein; PDE: 

phosphodiestérase; Al-R: récepteurs Al de l'adénosine; ADA: adénosine desaminase; LPL: 

lipoproteine lipase (LPL); Glut 4: transporteur de glucose 4; G3P: glycdrol-3-phosphate. 

Adapté de Mauriege P (1996). 



3.1 Les voies de sflmulatlon de la Ilpolyse 

Tel que mentionné prkédemment, les concentrations d'AMPc intracellulaire modulées par 

l'activité de Padénylyl cyclase participent activement au contrôle de la lipolyse. Plusieun 

agents régulateurs de l'adénylyl cyclase peuvent exercer des effets soit stimulants ou 

inhibiteurs selon le niveau d'expression des récepteurs et le type de récepteurs recrutes. Le 

Tableau 3.1 résume les dflCrents agents ou hormones qui stimulent la lipolyse au niveau de 

l'adipocyte humain. Tout d'abord, mentionnons les catécholamines qui sont des agents 

lipolytiques majeurs chez I'homrne adulte. Ces hormones peuvent atteindre le tissu adipeux via 

la circulation sanguine (principalement l'adrénaline) ou via l'innervation sympathique 

(noradrénaline) (Lafontan & Berlan, 1993). Leur action lipolytique est mediee par le 

recrutement des récepteurs fl-adrdnergiques couplCs B une protéine Gs qui enclenche la 

cascade lipolytique discutde précédemment. 11 convient de souligner que trois types de 

récepteurs fbaârénergiques sont impliqués dans le contrôle positif de l'adénylyl cyclase de la 

cellule adipeuse (pl, P2, P3). Les sous-types pl et P2 (Mauriege et al., 1988), majoritairement 

exprimds au niveau de l'adipocyte humain, ont plus d'affinité pour les amines physiologiques 

que le sous-type 83 (Ltlqvist et al., 1993). De plus, ils se d6sensibilisent plus facilement que 

le sous-type 83 lors dune stimulation prolongde par un agoniste fbadrénergique (Lafontan et 

al., 1993). Quant aux rtkepteurs B3-adtdnergiques, il semble que le rôle de ces derniers soit 

beaucoup plus limité au niveau de la cellule adipeuse de l'homme comparativement aux 

adipocytes bruns ou blancs de rongeurs (Tavernier et al., 1996). 

D'autres hormones ont le potentiel d'exercer un effet lipolytique au niveau de I'adipocyte 

humain. Toutefois, leur effet respectif est moindre que celui des catt!cholamines et leur rôle 

physiologique ou pathophysiologique demeure incompris. Ces hormones incluent la thyroid- 

stimuluting hormone (TSH) (Marcus et al., 1988) et i'homone pmthyroXdienne (Taniguchi et 

al., 1987). Certaines hormones telies que les hormones thyroïdiemes (Hellstrtim et ai., 1997) 

et L'hormone de croissance (Marcus et al., 1994) exercent des effets positifs également appelCs 

effets permissifs B court terme sur la lipolyse induite par les catécholamines, notamment par 



une augmentation des récepteurs &adrénergiques de l'adipocyte. De plus, les stéroïdes sexuels 

entraînent certains effets sur la lipolyse induite par les catécholamines chez la femme (Heiling 

& Jensen, 1 992)- A ce titre, il a étd montré qu'une administration orale d'oestradiol entraînait 

une diminution de la réponse lipolytique des adipocytes sous-cutanés du site abdominal chez 

des femmes postménopausées (Lindberg et al., 1990). Il  a aussi été suggéré que les niveaux 

circulants de testostérone pouvaient moduler la lipolyse au niveau sous-cutané abdominal 

(Bjtirntorp, 1994), bien que la normalisation des concentrations de testostérone chez des 

femmes affectées de polykystose ovarienne ne semble pas avoir d'influence sur la lipolyse (Ek 

et al., 1997). Chez l'homme adulte toutefois, l'administration orale de testostérone induit une 

augmentation de la réponse lipolytique adipocytaire au niveau sous-cutan6 abdominal mais 

non fdmoral (RebuffC-Scrive et al., 1991). Mentionnons &galement le facteur de nécrose 

tumorale alpha (TNF-a), une cytokine sécrétée par l'adipocyte humain qui a été reconnue pour 

son rôle activateur de la lipolyse (Hauner et al., 1995; Stames et al., 1988) par son action 

inhibitrice des protdines Gi (Gasic et al., 1999). Finalement, des agents pharmacologiques 

peuvent aussi exercer des effets lipolytiques sans ndcessairement activer un recepteur 

membranaire. En effet, la forskoline et certains de ses dérives stimulent directement la sous- 

unité catalytique de l'adinylyl cyclase et induisent donc la production bAMPc. Des dérives de 

1'AMPc (AMPc dibutyrylb, chlorodiph6nyl-thio-AMPc, 8-bromo-AMPc) capables de franchir 

la membrane plasmatique et non hydrolysables par la phosphodiest6rase-3 B activent 

également la lipolyse par stimulation directe de la PKA (Weishaar 1995). 



Tableau 3.1. Homones ou agents qui stimulent la lipolyse au niveau de l'adipocyte humain et 

leurs principaux mécanismes d'action. 

Hormones ou agents Mécanismes d'action 

Catécholamines Stimulation de la Lipolyse via les récepteurs B- 

adrénergiques couplés aux protéines Gs 

TSH Stimulation de la lipolyse via un récepteur couplé 

aux protdines Gs 

Hormones parathyroïdiennes Stimulation sur la lipolyse via un récepteur 

couplé aux protéines Go 

Hormones thyroïdiennes Effet permissif sur la Lipolyse induite par les 

cattcholamines 

"Uprégulation" des récepteurs @Za&energiques 

Inhibition de la PDE-3 

Hormone de croissance Effet permissif sur la lipolyse induite par les 

catécholamines 

Facteur de nécrose tumorale a Stimulation de la lipolyse via une inhibition des 

protéines Gi 



3.2 Les voies d'inhibition de la lipolyse 

Au niveau de l'adipocyte humain, outre I'insuline, hormone antilipolytique majeure qui agit via 

l'activation de la phosphodiest6rase-3, il existe quatre familles de récepteurs couplés 

négativement à i'adénylyl cyclase et donc capables d'engendrer une inhibition de la lipolyse 

lorsqu'ils sont stimulés par leurs agonistes spécifiques. Ce sont les récepteun az-adrénergiques 

(Lafontan & Berlan, 1982), les rdcepteurs da I'addnosiae de type A l  (Green et ai., 1989; 

Larrouy et al., 1991), les récepteurs de prostaglandines E et plus particulièrement du type E2 

(Richelsen et al., 1984) et les rdcepteurs du neuropeptidey (Valet et al., 1990)/peptide W, de 

type PW2 (Castan et al., 1993; Valet et al., 1990). Les mdcanismes moldculaires conduisant B 

l'activation de Gi, h l'inhibition de ltad6nylyl cyclase et aux effets antilipolytiques sont 

relativement bien compris et semblent identiques pour les quatre grandes familles de 

récepteurs inhibiteurs. On peut distinguer deux grandes composantes au niveau de l'inhibition 

de la lipolyse de l'adipocyte humain: 1) l'une constitutive, mettant en jeu des effecteurs 

autocrineslparacrines aux effets antilipolytiques puissants et peu modulables tels que 

I'addnosine et les prostaglandines (Amer, 1993); 2) l'autre, régulatrice, beaucoup plus 

modulable, qui implique des agents neuroendocrines tels que les catdcholamines (Lafontan & 

Berlan, 1995), le neuropeptide Y et le peptide W (Castan et al., 1993; Valet et al., 1990). 

Comparativement aux cellules adipeuses de rongeurs, l'efficacitd de ces systbmes inhibiteurs 

est importante au niveau de l'adipocyte humain. Un résumé des principales hormones ou 

substances qui inhibent la lipolyse au niveau de l'adipocyte humain est présente ci-dessous 

(Tableau 3.2). 



Tabkau 3.2. Hormones ou agents qui inhibent la lipolyse au niveau de lradipocyte humain et 

leun principaux mécanismes d'action. 

Hormones ou agents Mécanismes d'action 

Insuline inhibition de la lipolyse via la stimulation de la 

p hosp hodieste rase3 

Catécholamines Inhibition de la lipolyse via les rdcepteurs a2- 

adrénergiques couplés aux protéines Gi 

Adénosine Inhibition de la lipolyse via les protéines Gi 

Agent autocrine et paracrine 

Prostaglandines E 1 et E2 Inhibition de la lipolyse via les protéines Gi 

Agent autocrine et paracrine 

Neuropeptide Y Inhibition de la lipolyse via les proteines Gi 

Peptide W Inhibition de la lipolyse via les protéines Gi 

A la lumiere de la diversité des systcimes stimulateurs et inhibiteurs de la lipolyse, il est 

pertinent de se demander si et comment ces demiers systémes peuvent être influencés selon 

l'âge et le sexe d'un individu. Il est égaiement interessant de s'attarder il la prddomhance des 

systérnes stimulateurs et inhibiteurs selon la temtorialité du tissu adipeux et le degr6 d'obésité 

d'un individu consid&& ainsi qu'B la réponse B divers stress tels que la perte de poids et 

l'exercice. Ces volets sont considérds au c o u  des lignes suivantes. 



3.3 Facteurs modulant les voies de sthnulation ou d'hhibltion de la lipolyse 

3.3.1 Effet du sexe 

En règle générale, la réponse lipolytique aux catécholamines des adipocytes de la région sous- 

cutanée abdominale des femmes préménopausées est supérieure ii celle des adipocytes de 

l'homme (Wahrenberg et al., 1989). Cette différence sexuelle s'explique par une densité de 

récepteurs a2-adrdnergiques plus prononcde au niveau des adipocytes sous-cutands 

abdoniinaux de l'homme (Wahrenberg et al., 1989). A l'inverse, les adipocytes glutdo 

fémoraux de la femme pr6m6nopaus6e pdsentent une densite de rdcepteurs aradr6nergiques 

plus marpude que ceux de Fhomme, ce qui explique notamment la rdponse lipolytique moindre 

aux catecholarnines des ces adipocytes par rapport h ceux de l'homme (Richelsen, 1986; 

Wahrenberg et al., 1989). Il semble important de noter que les différences sexuelles 

mentionnées précédemment sont issues d'échantillons de sujets non-obèses et qu'aucune &tude 

n'a pour le moment vkrifid les différences sexuelles possibles au niveau des sites adipeux 

profonds de cette population. 

Peu d'ktudes ont également vérifie l'existence de différences sexuelles au niveau lipolytique 

des divers ddpôts adipeux de sujets obèses. A ce titre, le Chapitre 6 de cette thèse référe à 

l'étude du métabolisme des tissus adipeux sous-cutanés abdominal et fémoial d'hommes et de 

femmes prbsentant une surcharge corporelle. Briévement, nous n'avons rapporté aucune 

difftrence sexuelle de la capacitt lipolytique induite par les catCcholamines ainsi que de la 

rdponse antilipolytique 4 un agoniste a2-adrénergique au niveau des deux dépôts dtudies. Par 

ailleurs, L6nnqvist et al. (1997) ont rapport6 une capacité lipolytique B la noradrénaline 

significativement plus marquée au niveau d'adipocytes visc6raux d'hommes en comparaison ii 

ceux de femmes obtses. Cette derni&e observation semble toutefois être expliquée par la 

présence de cellules adipeuses visc&ales hypertrophiées chez l'homme obése. 



L'enscable de ces résultats suggère qu'il existe certes des différences sexuelles au niveau de la 

capacité lipolytique de l'adipocyte notamment chez l'individu non obèse. Toutefois, à la 

lumiere des résultats observés chez la personne présentant une surcharge pondérale, il semble 

pertinent de croire que ces différences sexuelles soient moins marquees. 

3.3.2 Effet de I'Bge 

Les études in vitro suggerent que la mobilisation des ûigiycérides du tissu adipeux induite par 

les catécholamines varie en fonction de l'âge d'un individu. En effet, peu après la naissance, 

l'activite lipolytique est relativement faible et augmente graduellement pour atteindre sa 

capacité maximale vers Mge de 2 ans (Marcus et al., 1987). La faible rdponse lipolytique des 

adipocytes d'enfants s'explique en partie par le fait qu'ils posshdent de petites cellules 

adipeuses caractérisées par une forte repense a2-adrdnergique (Marcus et al ., 1 987; Marcus et 

al., 1989; Rosenbaum et ai., 1991). La principale hormone rdgulant la lipolyse du tissu 

adipeux lors de l'enfance est la TSH (thyroid stimulating hormone) (Marcus et al., 1988). Bien 

que les concentrations plasmatiques thyroïdiennes diminuent progressivement avec l'âge pour 

laisser place aux effets lipolytiques des cat~cholamines, une faible induction de la lipolyse par 

les hormones thyroïdiennes persiste ii l'âge adulte. Par ailleurs, quelques dtudes ont rapport6 

une relation inverse entre l'activation de la lipolyse par les catdcholamines et l'âge des 

individus, sugg6rant ainsi une altération de la rdponse lipolytique des cellules adipeuses lors 

du vieillissement (James et al., 197 1; Ostman et al., 1969). LUnnqvist et al. (1990) rapportaient 

plus rdcemment que l'altération de la reponse lipolytique aux catécholamines des cellules 

adipeuses sous-cutanées abdominales d'hommes âgés résultait possiblement d'un défaut du 

complexe protdine kinase A-lipase homiono-sensible. Ces affmnations &aient dtayées par le 

fait que les agents lipolytiques utiiisCs entraînaient une &pose lipolytique de l'ordre de 50% 

infihieun chez Les individus âges en comparaison des sujets jeunes malgré que la demit6 et 

l'affiit6 des rCcepteurs a2- et fbadrCnergiques étaient similaires entre les deux groupes 

CtudiCs. Ceci concorde avec les résultats prCseatés dans le Chapitre 8 montrant une diminution 

significative de la capacitd lipolytique des adipocytes sous-cutands abdominaux et ftmoraux 



d'individus âgés comparativement A ceux de sujets jeunes et ce, bien que les deux groupes 

présentent une masse grasse identique. Pour leur part, les effets du vieillisement sur la lipolyse 

du tissu adipeux de la femme ont notamment été étudies en comparant des femmes pré- vs 

postménopausées. A ce titre, la réponse lipolytique la noradrénaline d'adipocytes du site 

sous-cutané abdominal est plus faible chez la femme postménopausée que chez la femme 

jeune (Rebuffé-Scrive et ai., 1986). Curieusement, la réponse lipolytique d'adipocytes du site 

sous-cutané abdominal de femmes postménopausées présentant une accumulation importante 

de tissu adipeux au niveau abdominal apparalt augmentée en comparaison à celle des femmes 

postménauposées ayant une accumulation adipeuse plutôt de type glutéo fémoral (Nicklas et 

al., 1996). Ces observations tendent A suggérer que la distribution régionale du tissu adipeux 

module la rdpow lipolytique de Padipocyte sous-cutan6. À la lumière de ces résultats, nous 

avons CtudiC la lipolyse des tissus adipeux sous-cutands abdominal et fimoral de femmes pré 

et postmCnopausCes prdsentant une distribution regionale similaire de tissu adipeux. Nos 

résultats ont montrd que, malgr6 un &at endocrinien différent, des femmes pr6 ou 

postménopausées caract&isdes par une distribution regionale similaire du tissu adipeux 

prdsentent un profil lipolytique adipocytaire comparable (Chapitre 10). 

En résum6, il convient de dire qutimm6diatement aprh la naissance, l'activité lipolytique de 

l'enfant est faible et augmente pour atteindre une activitd maximale aux environs de 2 ans. Du 

stade enfant à adulte, L'activitb lipolytique demeure stable et décline au gré des années, 

notamment chez Fhomme. En ce qui a trait aux données chez la femme, il semble qu'il y ait 

aussi une altération de Factivitb lipolytique reliCe avec l'âge, bien que nos travaux suggerent 

qu'après avoir considéré la distribution régionale du tissu adipeux, cette altération de FactivitC 

lipolytique du tissu adipeux ne persiste plus. 



3.3.3 Effet de la territorialite du tissu adipeux et de I1ob&it& 

Les mécanismes mis en jeu dans le contrôle de la lipolyse varient grandement selon la 

localisation anatomique considérée, conférant donc au tissu adipeux une activité métabolique 

hétérogène. Chez l'homme et la femme, il convient de dire que l'activité lipolytique en réponse 

aux catécholamines décroit selon L'ordre suivant: adipocytes viscéraux, adipocytes du site 

souscutané abdominal et fmaiement ceux du site fdmoral (Mauriège et al., 1987). La première 

explication pour ces différences réfère A la "balance fonctionnelle" a243 adrdnergique. Tel que 

présenté 4 la Figure 3.2, les cellules adipeuses bien dquipées en récepteurs P-adrhergiques et 

plus particulikrement de type 83 (tissu viscdral) possèdent un rapport a$P faible conduisant 

ainsi h une réponse B 11adr6naline strictement lipolytique (L6nnqvist et al., 1993; Ltlnnqvist et 

al., 1997; Mauri4ge et al., 1987; Ostman et al., 1979). A I'opposd, les tissus richement equipés 

en rdcepteurs al-addnergiques (tissus sous-cutanés) présentent une réponse A l'adrdnaline 

majoritairement antilipolytique (tissu glutéo fémorai) ou biphasiqw: antilipolytique à faibles 

concentrations et lipolytique à fortes concentrations (tissu abdominal) (Mauriege et al., 1987; 

Ostman et al., 1979). L'effet antilipolytique moindre de l'insuline observe au niveau des 

adipocytes du site viscdral en comparaison A cew du site sous-cutmt! abdominal est une autre 

explication de la capacité lipolytique rnarqude des adipocytes viscéraux (Bolinder et al., 1983; 

Mauriège et al., 1995a; Zierath et al., 1998). 

11 convient de souligner l'influence du degr6 d'obésité des sujets sur les variations régionales 

de l'activité lipolytique et ce, tant chez l'homme que chez la femme pr6rndnopausee. Chez 

l'homme, l'adrtnaline se rCvkle strictement lipolytique sur les adipocytes sous-cutands 

abdominaux d'individus non obèses alors qu'elle provoque une inhibition puis une stimulation 

de la lipolyse chez des sujets caractérisés par un surplus de poids (Mawiège et al., 1991). De 

plus, l'individu non obèse ne prCsente aucune dfleicnce régionale au niveau de la rdpow 

lipolytique la noraâr6naline des adipocytes sous-cutanés abdominaux et visc6raux, alors que 

la réponse lipolytique ti la noradrCnaline des adipocytes viscéraux est augmentee 

comparativement h celle des adipocytes de la région sous-cutanée abdominale chez l'homme 

obése (Hoffstedt et ai., 1997). Par ailleurs, les diffCrences dans le contrôle de la 



lipomobilisation en réponse aux catdcholamines des adipocytes des sites sous-cutanés 

abdominal et fémoral entre femmes pr6menopausées obèses et non obéses impliquent des 

changements de la composante a2-adrénergique ainsi que des variations relatives aux activités 

enzymatiques de I'adénylyl cyclase, de la PDE etlou de la lipase hormoao-sensible (Mauriège 

et al., 1995b). En effet, les femmes dont la masse adipeuse totale est la plus élevée montrent 

une inhibition az-adrénergique de la lipolyse plus prononcée. De plus, la réponse lipolytique 

aux agents agissant par des voies indtpendantes des rkepteurs (AMPc dibutyrylé, forskoline 

et théophylline) est plus faible au niveau des adipocytes abdominaux et fëmoraux de la femme 

obèse. Ces obervations confirment l'hypothese selon laquelle m e  déficience dans ltactivit6 de 

la lipase honnono-sensible serait responsable de la diminution de la réponse lipolytique du 

tissu adipeux aux hormones physiologiques observee chez des femmes préménopaustes 

caract&is~es par une obésité abdominale (Reynisdottk et al., 1994). 

Fiyn 33 Effets mdtaboliques de l'adténaiine sur Fadipocyte et rdpartition des rCcepteurs 

adrénergiques (AR) en fonction de la localisation anatomique du tissu adipeux blanc. Adapte 

de Mauriege et al. (1987). 



3.3.4 Effet du jeûne ou d'un rdgime hypocalorique 

Le tissu adipeux constitue une rdserve d'énergie importante pour l'organisme. Lors d'une 

privation énergétique ii court ou à long terme telle qu'engendrée par des périodes de jeûne ou 

des régimes à faible contenu énergétique, certains processus métaboliques favorables à 

l'épargne du glucose et des acides amines et à l'utilisation des lipides surviennent. 

Mentionnons notamment une diminution des concentrations plasmatiques d'insuline et une 

augmentation des niveaux de catécholamines circulantes (Coppack et al., 1994). La 

mobilisation des triglycérides du tissu adipeux s'avkre ainsi une réponse adaptative au jeilne ou 

ih la restriction calorique puisqu'elle résulte des effets antilipolytique de l'insuline et lipolytique 

des catdcholamines sur le tissu adipeux. Bien que ces observations aient été confmies par 

des études in vivo du tissu adipeux par la technique de diffdrence artério-veineuse ( S a m  et 

al., 1996), elles semblent être en contradiction avec des &tudes in vitro menées sur des cellules 

adipeuses isoléts. En effa, suite A une période de jeûne de 7 jours, l'action lipolytique d'agents 

stimulateurs b-adrbnergiques sur les adipocytes sous-cutants de sujets obhses n'apparaît pas 

modifiée au niveau du site abdominal. voire diminuée au niveau du tissu fémoral (Ostman et 

ai., 1984). 

Certaines controverses sont aussi observees en ce qui a trait aux etudes qui ont vdrifié les 

effets dune restriction calorique sur la rdgulation de la lipolyse dladipocytes isolés. Plusieurs 

auteurs ont rapporté une augmentation de la lipolyse basale en réponse à un programme de 

perte de poids (Berlan et al., 198 1; Crampes et al., 1989; Hellstrlm et al., 1996b; Kather et al., 

1985b; Stich et al., 1997) alors que d'autres ont observd une diminution marqude de cette 

derniére (Reynisdottir et al., 1995). Autant de divergences existent quant l'effet dune perte 

de poids induite par une restriction calorique au niveau de la lipolyse stimulée par les 

catécholamines. En effet, certains relatent une diminution de la rdponse lipolytique aux 

catécholamines suite B une restriction bnergdtique s é v h  (300 kcab'jour) chme durCe de quatre 

semaines (Kather et al., 1985b), alors que d'autres n'ont relevé aucun effet en réponse B une 

restriction calorique quasi-similaire (Crampes et ai., 1989; Hellstrtim et al., 1996a). Cette 

divergence de résultats daas la littérature peut être expliqute en partie par 1) la SCvCrité et la 

durée du régime; 2) le degr6 d'obésité des sujets 4tudiCs; 3) la quantité de poids perdu lors de 



la restriction calorique; 4) le moment auquel les échantillons de tissu adipeux ont été prélevés; 

5) et le site de prélèvement Le Tableau 3.3 qui suit résume la majorité des études ayant verif% 

Peffet dune perte pondérale sur la lipolyse de cellules adipeuses isolees en tenant compte des 

points précédents. 



Tableau 3.3 Bilan des &tudes ayant vérifié l'effet d'une restriction calorique sur la lipolyse de cellules adipeuses isolb. 

Auteurs 

B&n et al. (1981) 

Rozcn et ai. (1984) 

K.thct et al. (198Sb) 

Kathcr et al. (1 9 8 5 ~ )  

Crampes d al. (1 989) 

Rtstr d al. (1990) 

Sujets 
7 femmes obhcs 

19 femmes o b  

1 1 fcmmes obèses 

18 femmes abeses 

Traitement 
Diète (8Qe 1000 kcal/j), 2 sem. 
Perte de poids moyennc = 4.9 kg 
Site SC abd avant et ap& di& 

*Diéte (220 k d j ) ,  3 sem. 
Perte âe pai& moyennc = 7.1 kg 
Siie SC abd avant et aprts diète 

*Ditte (300 kcdj), 4 sem. 
Perte de poids moyenne = 10 kg 
Site sc abd avant et apds di& 

Ditte (300 kca Wj), 4 sem. 
Perte de poids moyem = 10 kg 
Site sc abd avant ct ap& di& 

Di& (1000-1200 kcalij), 3 scm. 
Pmte de poids moyenne = 7 kg 
Sitc SC abd avant et apds diète 

Ditte (890 kcal/j), jusqu'i ce quc 15% 
dc perte dc poids initial 

Peric de poids moyenne = 4 kdm2 
Site SC abd avant et apds ditte 

Résultats 

fi cffet antilipolytiquc adrénaline 
= effet lipol yiiqu t isoprtnaline 
fi lipolyse basaie 

n effct antilipolytique clonidine 
= effet lipolytiqut isoprtnaline 
8 lipolyse basale 
= effct antilipolytique clonidine 
= effet lipolytiqut isoprénaline 
1 iipolyhc basale 
= sensibilitb N6-phcnylisopropyladenosinc et 

prostaglandine E2 
lipolyse basale 

= eflet antilipolytique adrénaline 
= cffet lipolytiqut isoprénalint 
fi rkcptcurs a2-adrénerqiguea 

fi lipolyse basale 
= effet lipolytique isopfénaline 

Légende: fi: augmentation; 11: diminution; =: aucune variation; Sem.: semaines; SC: sous-cutané; F: femme; H: homme; IMC: indice de 
masse corporelle; LHS; lipase hormono-sensible; Abd: abdominal; Fem: fémoral; Glut : glutéal. 



Tibkau 3.3 (suite) 

HcllstnHn ct al. (1996b) 

Stich et 4. (1997) 

Mawitgc et al. (lm) 

14 femmes obèses 
@ r d  androïde) 

8 femmes obèses 

14 hommes ct 18 
femmes obèses 

Traitement I Résultats 

Diète (400 kcaüj), 8- 12 sem. 
Perte de I'IMC moyen = 6 kg/m2 
Site sc abd avant et ap& dit* 

Diéte (400 kcaUj), 4 sem. 
Perte de I'IMC moyen = 4 kglm2 
Sitc SC abd avant et après diète 

8 lipolyse basale 
11 LHS 
= effet antilipolytique clonidine 
= effet lipolytique isoprénaline 
fi sensibilité lipolytique noradrémline 

fi lipolyse basale 
= LHS 
= effet antilipolytique UK-34304 
= effet lipolytique isoprénaline, dobutamine, 

krbutaline, forskoline, Dc AMP 
d sensibilité noradrtndine 

fi effet antilipolytique et sensibilité insuline 
Di&& (383 kcab'j), 4 sem. 
Perte de poids moyenne = 9 kg 
Site SC abd avant et après ditte 

Ditte (restriction 500-800 kcd j  dc la 
diète nonnalc), 15 sem. 
Perte de poids moyenne = 10 kg 
Sites SC abd et fem avant et 4-6 sem. 
après dit tc 

fi lipolyse basale 
fi activité et protéine LHS 

effet lipolytique iaoprtnaline 
= lipolyse basalc 
= activité et protdine LWS 
= effet antilipolytique UK-14304 et adrénaline 
1 sensibilitt UK-14304 (H ab& F abd t fem) 
= effet lipolytiquc isoprénaline 
8 sensibilité isoménaline 



3.3.5 Effet de l'exercice 

Certaines adaptations propres a u  tissus adipeux et musculaire squelettique sont à l'origine 

d'une meilleure prédisposition à utiliser les lipides comme substrat énergétique chez la 

personne entraînée. Au début d'un effort physique de longue durée, le muscle squelettique 

utilise préfdreatiellement ses réserves de glycogène afin de répondre a la demande 

energétique. Puisque cette reserve de substrat intramusculaire est Iimitée, il devient nécessaire 

que la mobilisation des triglycérides contenus dans les adipocytes augmente afin de procurer 

au muscle l'énergie nécessaire B la réalisation d'un effort de longue durée. A cet égard, un 

certain nombre de changements hormonaux surviennent ion d'un exercice de nature aérobique 

et contribuent de façon importante ii la rdgulation de la mobilisation des viglyc6rides 

emmagasinés au niveau du tissu adipeux. En effet, un effort physique s'accompagne 

g6nCralement d'une diminution des concentrations plasmatiques d'insuline et d'une 

augmentation des niveaux sanguins de noradrénaline, de cortisol et d'hormone de croissance, 

favorisant ainsi la stimulation de la lipolyse du tissu adipew (Hodgetts et al., 1991). 

Les effets de l'exercice sur le métabolisme du tissu adipew ont majoritairement étd vérifi6s 

par l'intermédiaire d'dtudes in vitro. Aprks avoir effcctud une biopsie adipeuse au niveau 

fémoral de sujets sains avant et aprés que ces derniers aient réalisé un effort sur ergocycle 

d'une durée de 30 minutes à 60% de leur capacité maximale de consommation d'oxygène 

(V02max), Wahtenberg et al. (1987) ont observd une augmentation de la rCponse lipolytique ii 

la noradrénaline des adipocytes fémoraux. Ces observations concordent bien avec celles de 

Savard et al. (1 987) qui ont rapporte une augmentation de la rdponse lipolytique à l'adrénaline 

d'adipocytes prélevés dans la région soustutande abdominale chez des sujets ayant effectué 

un effort de 90 minutes sur ergocycle h 88% de leur fiequence cardiaque (Fc) maximale. II a 

Cgalement 6té démontré dans notre laboratoire que la pratique r6guUre d'exercices (20 

semaines, 4-5 foidsemaine B raison de 40 mids6ance B une intensité de 80% de la Fc de 

réserve) entraînait une réponse lipolytique accrue B l'adrénaline au niveau d'adipocytes des 

ddpôts adipeux sous-cutanés abdominal et fernota1 d'hommes et de femmes (Després et al., 



1 9 84a; Després et al., 1 984b). Récemment, les effets d'un programme d'exercices d'endurance 

(12 semaines, 4 foisfsemaine ii raison de 40 midsdance a une intensité de 60% de la Fc de 

réserve) au niveau de la réponse lipolytique d'adipocytes du site sous-cutané abdominal 

d'individus oôèses funnt rapportds (de Glisezinski et al., 1998). En réponse à l'entraînement et 

ce, malgré l'absence de variation du poids corporel lors du programme, les effets lipolytiques 

de l'adrénaline, de I'isoprénaline et de la dobutamine furent augmentés. Par ailleurs, une 

diminution des effets antilipolytiques de l'iriniliae a été rapportée. Ce même groupe confirmait 

récemment que la rCponse lipolytique & i'isoprdnaline mesutde par microdialyse au niveau du 

site sous-cutané abdominal etait augmentée suite il l'entraînement (Stich et al., 1999). 

Enfin, l'ensemble de ces observations suggén qu'à court ou a long terme, l'exercice entraîne 

une augmentation de la rdponse lipolytique aux catécholamines favorisant ainsi une élévation 

des concentrations d'acides gras libres en circulatiori, lesquels pourmat être oxydés par le 

muscle squelettique. 



CHAPITRE 4 

L ' O B ~ S / T ~  é ï  SES EFFETS MÉZABOLIQUES 

Dans le chapitre précedent, nous avons vu que le tissu adipeux ne présentait pas les mêmes 

facultés lipomobilisatrices dependamment de la localisation anatomique du dépôt et du sexe 

des individus. Au cours de la deniibre dicemie, de nombreuses h d e s  ont &galement c o n f i 6  

I'hétérogdnéitb de l'obdsit6 quant & son incidence au niveau des complications métaboliques 

(Bjtlrntorp, 199 1 b; Després, 199 1 : Kissebah et al., 1994), confirmant ainsi les observations 

cliniques du Professeur Jean Vague (1956) qui soulignait, B I'dpoque, que les individus qui 

accumulent la graisse préférentiellement au niveau abdominal sont plus susceptibles de 

développer des pathologies coronariennes et un diabete de type 11 que ceux dont le tissu 

adipeux se localise dans les r6gions glutéo fëmorales (Figure 4.1). 



Complieitioir métaboliques 
mineures 

Figure 4.1 Risque de complications mdtaboliques relatif au profil de distribution du tissu 

adipeux d'un individu. Selon Vague J (1956). 

Avec le d6veloppernent récent des techniques d'imagerie, nous pouvons maintenant mesurer 

d'une façon bien précise la quantite de tissu adipeux au niveau abdominal. et, plus 

particuliérement, distinguer le dCpÔt adipeux intraabdominal (ou viscéral) du tissu graisseux 

sous-cutané. A cet egard, plusieurs dtudes issues de notre laboratoire ont rapporté que les 

concentrations devées de triglycirides (TG) et d'apolipoprotiine B, de faibles taux de 

cholestérol lie aux lipoprotdines de haute densité (HDL-C) ainsi que l'intolérance au glucose et 

I'hyperinsulinérnie h jeun de même que suite ii une surcharge orale glucidique de 75g de 

glucose caractdrisaient les individus présentant une accumulation élevée de tissu adipeux 

visc6ral (Desprds et al., 1989a; Desprds et al., 1990; Pouliot et al., 1992). Des analyses 

multivarit!es ont aussi révele que la quantité de tissu adipeux viscerd constituait la variable la 

plus étroitement reliée & diffdrents rapports de lipoproteines utilises dans la prddiction du 

risque de maladies cardiovascuiaires (DesprCs et al., 1989a). Ml de departager les 

contributions indCpendantes de FoMsité en soi de Pexcbdent de tissu adipeux viscdd, deux 

groupes de sujets obtses de mtme âge et ayant une adipositd globale similaire (d6termi.de par 

la technique de pesée hydrostatique) mais caractCrisés par une quantitk 6levCe ou faible de 

tissu adipeux viscCral ont eté cornparCs (Després et al., 1990; Pouliot et al., 1992). Les 



résultats de ces travaux ont ddmontrd qu'en l'absence d'une accumulation importante de graisse 

viscérale, l'obésité en soi ne s'avérait pas associée il un profil dyslipidémique. A l'inverse, 

l'obdsité combinée h une accumulation importante de tissu adipeux viscéral était reliée h de 

nombreuses complications m6taboliques. Par ailleurs, il convient de souligner que de récentes 

études ont rapporté que l'accumulation de tissu sous-cutané abdominal contribue aussi à la 

détérioration du profil métabolique des individus, notamment en affectant la sensibilité B 

l'insuline évalude par clamp eugl ycémique hyperinsulinémique (Abate et al., 1 995 ; Goodpaster 

et al., 1997; Misra et al., 1997). A la lumiére de ces observations, nous avons évalué (Chapitre 

5) la contribution respective de l'accumulation du tissu adipeux viscéral et de l'hypertrophie 

adipocytaire des sites sous-cutanés abdominal et fémoral sur le profil métabolique d'hommes 

et de femmes. Les résultats de ces travaux suggérent qu'une accumulation importante de tissu 

adipeux au niveau viscdral ainsi que l'hypertrophie des adipocytes sous-cutanes abdominaux 

chez l'homme s'avèrent des variables importantes ii considdrer dans l'étiologie du syndrome 

dyslipidémique et/ou binsulinortsistance. 

Jusqu'à ce jour, le principal mdcanisme implique dans la relation entre l'obésité abdominale et 

les complications mdtaboliques qui en dCcoulent réfëre à l'activite lipolytique élevde des 

cellules adipeuses intraabdominales. En effet, cette activité lipolytique marquée pourrait 

contribuer, via la circulation porte, exposer le foie & des concentrations &levées d'acides gras 

libres (AGL) (HellmCr et al., 1992; Hoffstedt et al., 1997; Mauriège et al., 1987; Mauriège et 

al., 1 995a), diminuant ainsi l'extraction hépatique d'insuline et conduisant au d6veloppement 

de lthyperinsulint5mie systdmique (&mes et al., 1990; Svedberg et al., 1990). L'élévation des 

AGL en circulation favoriserait également une production hépatique du glucose et 

d'apolipopmt6ine B (Sniderman & Cianflow, 1995) ainsi qu'une augmentation de la synthése 

des TG au niveau du foie (Byrne et al., 199 1). Mauriége et al. (1999a) ont &gaiement moatrC 

qu'une augmentation de la sensibilitd lipolytique B2-adrénergique des adipocytes sous-cutanés 

abdominaux est associée 4 une diminution de la sensibilite A l'insuline chez des hommes, 

suggtrant ainsi un rdle potentiel de l'activitd lipolytique du tissu adipeux sous-cutané 

abdominai dans la déténoration du profil métabolique chez L'humain. il convient de souligner 

que certaines altérations du profil rn6tabtique apparaissent ind6pendantes du mdtabolisrne des 

AGL. A ce titre, les modifications au niveau des concentrations de st&oïdes sexuels qui ont 



été rapportées chez des individus prdsentant une obdsité abdominale pourraient être mis en 

cause dans le développement des disordres du profil mktabolique (Bjomtorp, 1995; Tchemof 

et al., 1996). Plus précisément, les femmes caractérisées par une accumulation excessive de 

tissu adipeux abdominal montrent des concentrations élevdes d'androgènes libres et de faible 

taux de SHBG (sex hormone binding globulin) (Evans et al., 1983; Peiris et al., 1987; 

Tchemof et al., 1999). A l'inverse, l'obesité abdominale chez l'homme est plutôt associée à de 

faibles taux de testostérone et de SHBG (Seidell, 1997; Tchemof et ai., 1997). 11 a d'ailleurs 

étC rapporte que ces changements dans les taux de stdroïdes circulants agissent ii titre de 

prédicteurs indépendants des dyslipoprotéinémies et de l'état d'insulinorésistance caractérisant 

Fobésité abdominale (PeMs et al., 1987; Tchemof et al., 1997). Ces observations suggèrent 

donc que les changements des taux de stéroïdes sexuels pourraient contribuer au 

d6veloppement des ddsordres mttaboliques relies ii FobésitC viscérale. 

L'inmlinor&istance pouirait également être impliqude dans les changements du métabolisme 

des lipides et des lipoprotdines notds chez les patients caractérisés par un excès de tissu 

adipeux viscéral. En effet, l'insulinorésistance mesurde in vivo (Le. surcharge orale glucidique) 

a été associde à une faible activitd de la lipoprotéine lipase piasmatique et B une activité élevée 

de la lipase htpatique (Despris et al., 1989b). Ces changements dans l'activité des lipases 

pourraient contribuer diminuer le catabolisme des lipoprotéines riches en TG et à augmenter 

la conversion des HDLI en HDL3, expliquant ainsi les concentrations dlevtes de TG et les 

faibles taux d1HDL2-C observés dans l'obdsite abdominale (Desprds et al., 1989b). 

L'insulinorésistance apparaît ainsi comme une composante importante des altérations 

métaboliques de l'individu caract&isC par un exces de tissu adipeux viscdral. 

Outre les altdrations du profil métabolique en situation de jeûne qui sont associées ii 

l'augmentation du risque de la maladie coronarienne chez l'individu obèse, les anomalies au 

niveau du mttabolisme des lipoprotéines en situation posiprandiale peuvent aussi être B 

l'origine de l'ath&oscMrose (Zilvetsmit, 1979). Selon un processus normal après t'ingestion 

d'un repas, l'activité de la LHS du tissu adipeux est rapidement supprimee par l'action de 

l'insuiine alors que le processus d'esttrüication des AGL B i'intérieur du tissu adipeux est 

favoris6 par i'action & la LPL (Frayn et al., 1994). Ainsi, la capacité des tissus ii rdestérifier 



les AGL provenant de la circulation et la capacité de l'insuline a inhiber la lipolyse au niveau 

du tissu adipeux sont des d6tenainants importants de la "clairance" des AGL plasmatiques en 

situation postprandiale. Ces deux caractdristiques sont altérées chez l'individu obèse et 

expliquent notamment leurs concentrations elevties d'AGL et de lipoprotéines nches en TG 

après un repas (Coppack et al., 1992; Couillard et al., 1998; Roust & Jensen, 1993). 

Par ailleurs, plusieurs études suggèrent que l'obésite peut être associee a une moins bonne 

capacitC il oxyder les graisses, contribuant ainsi au maintien etlou au développement des 

réserves corporelles (Campbell et al., 1994; Colberg et al., 1995; Zurlo et al., 1990b). Il 

convient de noter que ces dvidences sont ii la base des travaux de Flan (1987) qui offrent une 

base conceptuelle voulant que l'dquilibre lipidique represente la composante du système de 

régulation du bilan d'énergie qui est maintenue avec le moins de précision. Cette observation 

est en accord avec le fait qu'un rCgime alimentain riche en lipides est associé à une 

augmentation de l'apport dnergetique spontaué (Lissner et al., 1987; Tremblay et al., 1991; 

Tremblay et al., 1989) pouvant être expliquke par la haute densité énergétique des lipides 

(Snibbs et al., 1995) et/ou par le faible niveau de satiktd généré par la prise d'aliments riches 

en lipides (Blundell et al., 1993; Lawton et al., 1993). Chez l'individu obese (Thomas et al., 

1992) ou "post-obèse" (Astrup et al., 1994), I'augmentation de l'oxydation lipidique s'avère 

faible en réponse ii une diéte riche en lipides et rend ce dernier vuinérable ii la prise de poids 

corporel ii long terme (Zurio et ai., 1990b). Btant dom6 le rôle important que joue le muscle 

squelettique dans l'oxydation des substrats energetiques (Zurlo et al., 1 WOa), cenains travaux 

ont porté leur attention sur le métabolisme du muscle squelettique chez la personne 

caractérisde par un excés de poids corporel. Ferraro et al. (1 993) ont notamment montr6 qu'une 

faible activitt de la LPL du muscle squelettique est associ6e B une âiminution de l'oxydation 

des graisses. De plus, certains travaux ont mis en evidence que l'augmentation du pourcentage 

de graisse est associke B une diminution de la capacité oxydative musculaire squelettique 

(Simoneau & Bouchard, 19954 Simoneau et d., 1995b). Certaines observations ont kgalement 

m o n e  que les individus obéses et "post-obèses" présentent une alteration de leur capscite 

oxydative lipidique en rdponse B une stimulation &&nergique (Blaak et ai., 1994a; Blaak et 

al., 1994b; Tremblay et al., 1984). Ces études confirment bien que l'altdration de L'oxydation 

lipidique pouvait Ctra causCe par une diminution de la capacité du muscle squelettique B capter 



les AGL et/ou être expliquée pat une mobilisation réduite des TG au niveau du tissu adipeux. 

Ce n'est que récemment que la capacitd du tissu adipeux à mobiliser Les graisses (mesurée à 

l'aide de la technique de microdialyse) a été identifiée comme étant un déterminant de 

l'oxydation lipidique systémique (Snitker et al., 1998). 

En résumé, il convient de souligner qu'un excès de tissu adipeux, notamment au niveau 

abdominai, est associé A des concentrations plasmatiques à jeun élevées de glucose, d'insuline 

et de lipoprotéines. Ces altérations métaboliques sont dgalement observées en situation 

postprandiale et s'expliquent notamment par une difficultd des tissus à réestérifier les AGL 

ainsi que par une moins bonne capacité de l'insuline & inhiber la lipolyse au niveau du tissu 

adipeux. 



REunoN ENTRE L 'ACCUMULA~ON DE nssu AO~PEUX VISC~~RAL ET LES 

FACTEURS DE RISQUE DE LA MALADIE CORONARIENNE: EXISTE T-lL UNE 

CONTRI8U77ON DE L'HYPERTROPHIE llES CEf LULES ADIPEUSES SOUS- 

CUTAN&S? 

L'article composant ce chapitre est intitulé: 

"Relationship of viscerd adipose tissue to metabolic nsk factors for coronary heart disease: is 

there a contribution of subcutaneous fat ce11 hypertrophy?" 

(Metabolisrn 48; 3 55-362, 1999) 



Résumé 

Le but de cette &ude consistait à évaluer la contribution respective de l'accumulation de tissu 

adipeux viscéral (TAV) et de l'hypertrophie d'adipocytes sous-cutanés abdominaux et 

fémoraux au niveau du profil métabolique de 69 hommes et de 65 femmes préménopausées. 

L'accumulation de TAV était positivement reliée aux concentrations plasmatiques à jeun 

d'insuline, de triglycérides (TG) et d'apolipoprotéine B de la fraction des lipoprotéines de 

faible densite (LDL-apoB) ainsi qu'au le rapport cholestérol (CHOL)/lipoprotéine de haute 

densité (HDL)-CHOL (0.24 < r < 0.71, P < 0.05). Parallèlement, des relations positives entre 

la grosseur des cellules adipeuses sous-cutanées abdominales et le profil métabolique ont ét6 

observées chez les deux sexes (0.33 < r < 0.60, P < 0.01). Des associations positives ont aussi 

été relevées chez les femmes entre la grosseur des cellules adipeuses fémorales et les 

concentrations plasmatiques ii jeun d'insuline, de TG, de CHOL et du rapport CHOWHDL- 

CHOL (0.29 < r < 0.42, P < 0.05). Cependant, seuls la concentration plasmatique de TG et le 

rapport CHOLMDL-CHOL étaient positivement conélés B la taille des cellules adipeuses 

fémorales chez l'homme (r = 0.30, P < 0.05). Dans le but de mieux cerner la relation entre le 

profil métabolique de risque et l'hypertrophie adipocytaire, des individus ayant de petits ou de 

gros adipocytes ont et6 paires sur la base de leur accumulation de TAV. Les hommes 

prtsentant des adipocytes sous-cutanés abdominaux hyperûophids étaient caractérisés par des 

concentrations de TG et de LDL-apoB supCrieures aux hommes ayant de petits adipocytes (P 

< 0.05). Aucune diffërence au niveau du profil métabolique n'a été observée entre les sujets 

présentant de petits vs de gros adipocytes fémoraux. Ces rCsultats suggérent que, pour une 

accumulation domde de tissu adipeux viscéral, les hommes caractdrisés par une hypertrophie 

des adipocytes sous-cutands abdominaux pdsentent une détérioration accrue de leur profil 

mdtabolique comparativement ii des individus présentant de plus petits adipocytes au niveau 

du même site. A l'inverse, L'hypertrophie des adipocytes fémoraux ne semble pas aggraver les 

complications métaboliques gdnéraiement reliées & robCsit6 chez l'homme et la femme. 
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Abstract 

Visceral adipose tissue (VAT) accumulation is an important correlate of the metabolic 

complications found in obese patients. The aim of this study was to evaluate the respective 

contribution of VAT deposition vs subcutaneous abdominal or femoral fat ce11 hypertrophy as 

correlates of the metabolic risk profile in 69 men and 65 premenopausal women (both 35 f 5 

yn old) covering a wide range of fatness values (body mass indices ranging fiom 18 to 57 

kg/m2). In both genders, VAT accumulation was positively correlated with fasting plasma 

insulin, ûiglyceride (TG), LDL-apo B levels and with the cholesterol (CH0L)MDL-CHOL 

ratio (0.24 S r L 0.71, P< 0.05). A similar pattern of positive relationships was found between 

subcutaneous abdominal fat ce11 weight and metabolic risk variables in men and women (0.33 

I r 1 0.60, Px 0.01). Positive associations were dso observeci in women between femoral fat 

ce11 weight and fasthg plasma insulin, TG, CHOL levels and the CHOLMDL-CHOL ratio 

(0.29 5 r S 0.42, P< 0.05). However, ody plasma TG concentrations and the CHOWHDL- 

CHOL ratio were positively correlated with fernord fat ce11 weight in men (r = 0.30, P< 0.05). 

To better investigate the relationships between the subjects' metabolic risk profile and 

hypertrophie subcutaneous obesity, individuals with srnall vs large subcutaneous abdominal 

adipocytes were matched according to VAT accumulation. Men with large abdominal fat celis 

displayed higher plasma TG and LDL-apo B levels, compared to men characterized by small 

abdominal adipocytes (P< 0.05). Stepwise multiple regression analyses sho wed that 

subcutaneous abdominal fat ce11 weight was the best independent variable predicting plasma 

TG and LDL-apo B levels in men. No significant diffcrence was found in the metabolic profile 

of subjects displaying srnail vs large femoral adipocytes. Taken together, these results suggest 

that, for a given VAT deposition, the presence of hypertrophied subcutaneous abdominal 

adipocytes in men appears to be associated with further deterioration in the metabolic risk 

profile. On the other hand, the hypertrophy of femoral adipocytes does not tiirther alter the 

metabolic complications generally related to obesity in bot& men and women. 



Introduction 

Several epidemiological and experimental studies have coafirmed the pioneenng observations 

of Jean Vague emphasizing the importance of body fat distribution. Indeed, it is now 

comrnonly accepted that a preferential accumulation of fat in the abdominal region is 

associated with an increased risk of non insulin-dependent diabetes mellitus (NIDDM) and 

coronary heart disease (CH") 2-7. Moreover, the development of new imaging techniques has 

allowed several groups of investigators to propose that visceral adipose tissue deposition was a 

critical correlate of the metabolic complications found among obese patients 4 w  7t 8. However, 

some recent studies have reported that variation in subcutaneous abdominal fat was also an 

important detemiinant of individual differences in insuiin sensitivity 9-1 l .  

The apparent heterogeneity of human obesity has led clinicians to propose several 

classifications of this condition 7. One of these is based on the cellular characteristics of 

adipose tissue and identifies two main subtypes of obesity: "hypertrophie obesity" resulting 

from an enlargement of adipocytes vs "hyperplastic obesity", which is related to an increased 

numbec of adipose cells. Krotkiewski et al 12 have examined this issue in a comprehensive 

study of adipose cellularity . They concluded that body fat accretion was maidy due to fat ce11 

weight enlargement, this latter being subsequently followed by an increase in adipose ce11 

number. In this regard, Bjorntorp et al l3 have already suggested that adipose tissue 

hyperplasia occuned when fat cell weight approached 0.6 pg lipid cell. 

The impact of individual variation in adipose tissue cellularity on the metabolic abnomalities 

of obesity has also been examine& Bjomtorp et ai l4 have reported that fasting plasma insulin 

was positively related to fat cell size of adipocytes derived from subcutaneous abdominai and 

gluteal fat depots in middle-aged men. Similady, subcutaneous epigastric fat cell weight has 

also been associated with fasting plasma insulin, ducose and TG levels in women, whereas 

epigasaic fat ceil weight has k e n  related to plasma insuün and TG levels in men 12. Kissebah 

et al 15 have aiso shown that upper-body obese premenopad women also displayed enlarged 

subcutaneous abdominal fat cells and elcvated plasma giucosc and insulin levels foilowing an 



oral glucose Ioad whereas lower-body obese women had srnaller subcutaneous abdominal 

adipocytes and lower glycemic and insulinemic responses. Taken together, these previous 

observations suggested that an excessive abdominal fat deposition and the presence of 

enlarged subcutaneous adipose cells could synergistically act in the etiology of the metabolic 

complications associated with obesity. However, to the best of our knowledge, no study has 

attempted to investigate the independent contribution of visceral adipose tissue vs 

subcutaneous adipose ce11 hypertrophy to the metaboüc risk profile of men and women. 

The a h  of the present investigation was therefore to evaluate the respective contribution of 

visceral adipose tissue as well as that of subcutaneous abdominal and femoral fat ce11 

hypertrophy to variation in the metabolic profile predictive of CHD risk in a sample of 69 men 

and 65 premenopausal wornen. 



Materiai and Methods 

Subiects 

One hundred and thirthy-four healthy volunteers (69 men and 65 women), aged 35 I 6 (mean 

f SD) years, were recruited through the media and gave their written informed consent to 

participate in a study which examined the potential relationship of obesity and body fat 

distribution indices to metabolic risk variables 16. i7. This study has been approved by the 

Laval University Medical Ethics Committee. Al1 individuals were subjected to a medical 

evaluation by a physician, which included medical history. Subjects with cardiovascular 

disease, diabetes mellinis, endocrine disorders, or those on medication that could have 

influenced carbohydrate or lipid metabolism (a-blocken, antihypertensive dmgs, etc) were 

excluded from the study. AU subjects were sedentary, non-smoken and moderate alcohol 

consumen. None had recently been on a diet or involvecl in a weight loss program. and their 

body weight had been stable for at least six months prior to the experiment. Women had 

regular menstnial cycles and none was using oral contraceptives or lactating at the tirne of the 

study. Al1 measurements were performed while women were in the early follicular phase of 

their menstruai cycle. 

Total bodv fatness and teaional fat distribution 

Body density was detennined by the uaderwater weighing technique la  and percent body fat 

was derived fiom body density 19. Pulmonary residual volume was measured using the helium 

dilution method 20. Fat mass was calculated as total body weight minus fat-fiee mas .  Waist 

girth was measured according to the procedures recommended at the Airlie Conference 21. 

Computed tomography (CT) was performed on a Siemens Somaton DRH scanner (Erlangen, 

Germany), according to the methodology of Sj6str6m et al 22. Briefly, the subjects were 

examined in the supine position with both a m  stretched above theù head. CT scans were 

performed at both the abdominal (between L4 and LS vertebrac) and femoral (midthigh) 

levels, using a radiograph of the skeleton as a ceference to estabüsh the position of the s c m  to 

the nearest millimeter as previously described 23. Total adipose tissue (AT) areas were 

calculated by delineating these areas with a graph pen and then computing the AT surfaces 

with an attenuation range of -190 to -30 Hounsfield uni& (HU) u, as previously dcscribcd a. 



Abdominal visceral AT area was measured by drawing a line within the muscle wall 

surrounding the abdominal cavity. The abdominal subcutaneous AT area was calculated by 

subtracting the visceral AT area fiom the total abdominal AT area. 

Adiwse tissue b i o ~ w  procedure 

After an ovemight fast, participants were subjected to biopsies of subcutaneous fat, one 

performed in the periumbilicd region (abdominal site) and the other at the midthigh level 

(fernoral site). A small cutaneous incision (1 cm) was perfonned at both sites and about 100 

mg of subcutaneous adipose tissue were surgically removed from the two depots. Adipocytes 

were isolated according to the method of Rodbell 24 in a Krebs-Ringer bicarbonate b a e r  @H 

7.4) containing 4% bovine serum albumin (KRBA) and 5 m M  glucose, plus 1 mglm1 

collagenase, as previously described 2s. Digestion took place in a shaking water bath under an 

air gas phase of 95% 02 and 5% CO2, for 40 min at 370C. The suspension was then filtend 

and the cellular filtrate obtained was rinsed 3 times with 5 ml of KRBA. Isolated adipocytes 

were fuialy re-suspended in KRBA in order to obtain a fmai concentration of approximately 

500 cells per 50 pl. Fat ce11 diameten were determined using a Leitz microscope equipped 

with a graduated ocular (Rockleigh, NJ, USA). Mean adipose cell diameter was assessed from 

the measurement of at least 500 cells, and the density of triolein was used to transfonn adipose 

ce11 volume into fat ce11 weight, as previously described 25. 

Oral glucose tolerance test ( O G n  

A 75 g OGTT was performed in the moming after an ovemight fast. Wood sarnples were 

collected in tubes containing EDTA and Trasylol (Miles Phannaceutics, Rexdale, Ontario, 

Canada) through a venous catheter fiom an antecubital vein at -15,0, 15,30,45,60,90, 120, 

150 and 180 min. Plasma glucose was measurrd enymatically 26, whereas plasma insulin 

concentration was determined by radioimmunoassay with polyethylene glycol separation 27. 

Plasma fke-fatty acid (FFA) levels were determined at -15,0,30,60, 120, and 180 min, with 

a colorimetric method 28. The total glucose and ùwlin areas under the c w e  measured during 

the OGTT were calculated using the trapezoid method. 



Plasma lidds and lipo~roteins 

Blood samples were obtained in the moming after a 12-h fast from an antecubital vein into 

vacutainer tubes containing EDTA. Plasma cholesterol (CHOL) and triglyceride (TG) levels 

were measured enzymatically in plasma and lipoprotein fractions on a RA-1000 Autoanalyzer 

(Technicon Instruments Corporation, Tarrytown, NY, USA) referenced to Centen for Disease 

Control (Atlanta, USA). Plasma very low density lipoproteins (VLDL, d < 1.006 g h l )  were 

isolated by ultra-centrifugation 29, and the high density lipoprotein (HDL) fraction was 

obtained afier precipitation of low density lipoprotein (LDL) in the i n h a t a n t  (d > 1.006 

g/ml) with heparin and MnCL2 30. Plasma LDL-apolipoprotein (apo) B levels were measured 

by the rocket irnmunoelectrophoretic method of Laurell, as previously described 3 1. 

Dmns and chemicals 

Collagenase and bovine serum albumin were obtained from Boehringer Mannheim (Canada). 

Al1 other chemicals and organic solvents were of the highest purity grade commercially 

available. The same batches of collagenase and albumin were used in al1 experiments. 

Statistical methods 

Data reported in tables are expressed as means f standard deviation (SD) whereas values 

shom in figures are rneans f standard error (SE). Associations between two variables were 

quantified by using the Pearson's product-moment comlation coefficients. Partial correlational 

analyses were also performed to estimate the independent contribution of visceral adipose 

tissue deposition, abdominal and femoral fat ce11 weights to the variance of several metabolic 

variables. As results obtained fiom partial correlational analyses were essentially sirnilar to 

data resulting from the matching procedure, only results on matched subjects are reported in 

the present paper. The normality of the distribution for al1 variables was studied with a 

Shapiro-Wilk W test. Conceming variables which were not nomally distributed, the Mann- 

Whitney test for nonparamettic variables was used instead of the Student's t test. Al1 analyses 

were perfomed using JMP version 3.1.5 for Macintosh (SAS, Cary, NC). 



Results 

Subiects' characteristics 

The subjects' physical and metabolic characteristics are presented in Tables 1 and 2, 

respectively. The wide range of percent body fat values (fiom 10 to 39% and fiom 16 to 59% 

for men and women, respectively) indicated that our sample included lem to obese 

individuais. Gender cornparisons revealed that men displayed both higher body weight and 

waist girth, compared to women (P values ranging fiom 0.0001 to 0.001). Women were 

however characterized by a greater fat mass and a higher percent body fat than men (P values 

ranging from 0.0001 to 0.05). Both subcutaacous abdominal and midthigh adipose tissue areas 

determined by computed tomography were larger in women than in men (P values ranging 

fiom 0.0001 to 0.001). On the other hand, men were characterized by a greater visceral 

adipose tissue accumulation, compared to women (P < 0.001). Femoral fat cells were also 

significantly larger than subcutaneous abdominal adipocytes in women (P < 0.05). although no 

regional variation was obsewed in men. Finally, women displayed larger subcutaneous 

femoral adipose cells than men (P < 0.001). whereas no gender difference was found in 

subcutaneous abdominal fat ce11 weight. On the other hand, men had higher fasting plasma 

glucose and insulin levels as well as both lower HDL-CHOL levels and a greater CHOWHDL- 

CHOL ratio than women (P values ranging from 0.0001 to 0.01). Moreover, the insulin 

response to an oral glucose load was also higher in men than in women (P < 0.0001). 

Insert Tables 1 and 2. 

In an attempt to investigate the contribution of visceral adipose tissue accumulation and 

regional subcutaneous fat ce11 size to the metabolic complications associated with obesity, 

relationships between visceral adipose tissue as well as between subcutaneous abdominal and 

femoral fat ce11 weights with the metabolic risk profile were examined in both men and 

women (Tables 3 ad 4, respectively). 



Cone lational analvses 

In both genders, fasting plasma glucose, insulin, FFA, TG and LDL-apo B levels as well as the 

CHOLMDL-CHOL ratio were positively related to VAT accumulation (0.24 S r 5 0.71, P 

values ranging fiom 0.000 1 to 0.05). In addition, VAT deposition was positively associated 

with both glucose and insulin areas measured during the oral glucose load (0.42 5 r 1 0.65, P < 

0.001). A similar pattern of significant associations was found between subcutaneous 

abdominal fat celi weight and both the plasma lipid-lipoprotein profile and indices of glucose- 

insulin homeostasis in both genders (0.26 S r S 0.60, P values rangiag fiom 0.0001 to 0.05). 

On the other hand, positive associations were observed between femorai fat ce11 weight and 

fasting plasma glucose, insulin, TG md CHOL levels as well as with the CHOLNDL-CHOL 

ratio in women (0.29 S r S 0.52, P values ranging fiom 0.0001 to 0.05), whereas plasma TG 

levels and the CHOL/HDL-CHOL ratio were the only variables conelated with femoral fat 

ce11 weight in men (r = 0.30, P values ranging fiom 0.01 to 0.05). However, correlation 

coefficients observed beh~een the latter metabolic variables and femoral fat ce11 weight were 

generally lower than those reported when subcutaneous abdominal fat ce11 weight was plotted 

against these metabolic indices. Fidly,  the subjects' metabolic profile was correlated with the 

subcutaneous abdominal fat deposition measured by CT (0.25 S r S 0.48 and 0.28 L r 1 0.68 in 

men and women, respectively; P values ranging fiom 0.0001 to 0.05) (not shown) and these 

correlation coefficients were of similar magnitude to those previously observed with 

subcutaneous fat ce11 weight. 

Insert Tables 3 and 4. 

As an approach to M e r  quanti@ the metabolic complications associated with hypertrophie 

subcutaneous obesity, two subgroups of subjects matched for a sirnilar VAT accumulation but 

with either small vs large subcutamous abdominal or femoral fat cells were compaced (Figs 1 

and 2). In both genders, subgroups with either srnail or large subcutaneous abdominal fat cells 

did not differ for age, total body fatness and subcutaneous abdominal fat deposition. However, 

men chatacterized by large subcutaneous abdominal fat ceUs had higher plasma TG and LDL- 

apo B levels (P < 0.05). In conmit, there was no difference in the metabolic profile of women 

with either smaii or large subcutaneous abdominal fat cells (Fig. 1). Moreover, no significant 



difference was found in the metabolic risk profile of subgroups. displaying srna11 or large 

subcutaneous femoral adipocytes, in both genden (Fig. 2). 

Insert Figures 1 and 2. 

Ste~wise multi~le regression anal~ses 

To estimate the respective contributions of regional and total adiposity in accounting for 

variance in TG, LDL-apo B, HDL-CHOL and insuiin levels, stepwise multiple rcgression 

analysis was performed. Our model included fat mas, femoral fat, visceral and subcutaneous 

abdominai adipose tissue accumulation measured by CT as well as subcutaneous abdominal 

and femod fat cell weights. In men, 35% of the variance in fasting insulin was best predicted 

by visceral adipose tissue (Table 5). Moreover, 3 1% of the variance in TG was predicted by 

subcutaneous abdominai fat ce11 weight, fernorai and abdominal subcutaneous adipose tissue 

accumulation. On the other hand, subcutaneous abdominal fat ce11 weight was the only 

variable retained as a significant predictor of LDL-apoB levels (15% of vari*ance), while 

femod fat ce11 weight was the best predictor of the variance observed in HDL-CHOL 

concentrations (10%). With the exception of fat mass and femoral fat ce11 weight, al1 variables 

included in our stepwise regression model accounted for 55% of variance in insulin area. 

However, visceral adipose tissue was the best predictor of the variance in insulin area (43%) 

detemikied during the oral glucose load. in men. 

In women, 65% of variance in fasting insulin was accounted for by fat rnass, femoral and 

subcutaneous abdominal adipose tissue accumulation and femoral fat ce11 weight (Table 6). in 

addition, visceral adipose tissue was the only variable which accounted for 51% and 25% of 

the variance in TG and HDL-CHOL levels, respectively. Moreover, 23% of variance in LDL- 

apo B levels was best predicted by subcutaneous abdominai adipose tissue accumulation and 

fat mas .  Finally, subcutaneous abdominal fat accounted for 21% of the variance in insulin 

area 

hert  Tables 5 and 6, 



Discussion 

The present study was designed as an attempt to verify whether variations in eithet 

subcutaneous abdominal and femoral adipose ce11 size could influence the metabolic risk 

profile of both men and women after control for individual differences in visceral adipose 

tissue accumulation. 

It is now well recognized that there are gender differences in body fat distribution, womea 

being characterized by a greater accumulation of subcutaneous fat than men 1. 13. 32. 

Furthemore, women display a preferential accumulation of gluteal-femoral adipose tissue, a 

finding concordant with the fact that they show enlarged gluteo-femoral adipocytes as 

compared to subcutaneous abdominal adipose cells 3397. On the other had, men have a larger 

proportion of intra-abdominal fat and they do not show a marked regional variation in 

subcutaneous adipose ce11 size 379 38. 

The significant correlations observed in the present study between visceral adipose tissue 

measured by computed tomography and fasting plasma glucose, insulin and f se  fatty acid 

levels in both gendea (Tables 3 and 4) are in good accordance with the positive associations 

previously reported between intra-abdominal fat deposition and alterations in both insulin- 

glucose homeostasis and plasma lipoprotein-lipid levels 6. 7 8  16. 17. 39. Although the 

mechanism(s) responsible for the deleterious metabolic impact of excess intra-abdominal fat is 

(are) not Mly understood, it has been hypothesized that adipose tissue lipolysis could play a 

non negligible role in the metabolic complications related to abdominal obesity 3 9  40- 41. 

indeed, it is now well established that due to its important lipolytic rate, visceral adipose 

tissue, which is draineci by the portal vein, could expose the liver to an enhanced FFA flux 

which could in turn alter glucose-insulin homeostasis by promoting a reduction in hepatic 

insuiin degradation and an inhibition of perïpherai glucose utilization 496.7 which could lead 

to systemic hyperinsulinemia and in vivo W i n  resistance. 

In the present study, signûtcant relationships wen also observed between subcutaneous 

abciornuial fat ceil weight and most of the metaboiic indices 1ne8sufed in both genders (T'ables 



3 and 4). These results are in good accordance with the previous associations nported between 

large subcutaneous adipocytes and metabolic aberrations such as hyperinsulinemia 42, 

hypertriglyceridemia l4 as well as with non insuiin-dependent diabetes mellitus 43. Thus, the 

present results re-emphasize the notion that hypertrophy of subcutaneous abdominal adipose 

ce11 is a significant correlate of the metabolic disturbances associated with abdominal obesity 

in both genders 389 44. However, although these previous studies have provided interesting 

results, they did not taice into account the concomitant variation in visceral adipose tissue 

accumulation which may have afYected the conclusions reached relating hypertrophic obesity 

to the metabolic deteriorations that generally accompany abdominal fat deposition 14- 389 42-44. 

To the best of our knowledge, our study is the first to investigate the independent contribution 

of an hypertrophic subcutaneous obesity versus visceral adipose tissue accumulation to the 

variation observed in the metabolic nsk profile of both men and women. Our results showed 

that for similar levels of visceral adipose tissue, men with enlarged subcutaneous abdominal 

adipocytes displayed fiuthet deterioratioa in their metabolic risk profile than individuais with 

small subcutaneous abdominal adipose cells (Fig 1). Considering the fact that large adipocytes 

are generally characterized by a high lipolytic rate 1% 2% 3 5 9  Js, the hypertrophy of 

subcutaneous abdominal adipocytes could Iead to an increased adipocyte-hepatocyte fatty acid 

flux which, in turn, may partly explain metabolic disturbances such as hypertriglyceridemia 46 

or hyperapobetalipoproteinemia 47. This hypothesis does not appear to be justified in women 

since no significant clifference was found in the metabolic profile of subjects displaying mal1 

vs large subcutaneous abdominal adipose cells. The latter observation is codirmed by the 

stepwise regression analysis which revealed that women's metabolic profile seems to be more 

infiuenced by both visceral and subcutaneous abdominal adipose tissue deposition as well as 

by fat mass than by hypertrophied subcutaneous abdominal fat cells. 

However, the fact that a high lipolytic rate of enlarged subcutaneous abdominal fat cells could 

contribute to the observed hypertriglyceridemia and hyperapbetalipoprotehemia is based 

exclusively on in vitro measurements. Some discrepancies exist betwem in vitro and in vivo 

hdings regardhg adipose ce11 lipolysis. There is now increasing evidence that such 

discordant observations are probably duc, in part. to blood flow effécts 48. In this regad, it has 



already ken  show that, when expressed par Wogram of fat mass, whole body lipolytic rates 

determined during infusions of stable isotopicaily labelled glycerol were lower in obese than 

in lean individuals 49. However, the main problem conceming the assessment of in vivo 

lipolysis in obesity relates to the expression of FFA and glycerol release (%) in terms of lean 

body mass or adipose tissue mas .  These difierent modes of expression may have considerable 

influence on data interpretation. Indeed, it has previously been reported that obese subjects 

display increased basal rates of lipolysis when FFA & is expressed per units of lean body 

mass 50. On the other hand, an in vivo study using microdialysis reported higher glycerol 

concentrations in obese than in lean men 51, a difference which was also ascribed to an 

increased lipolytic rate in larger fat cells. in addition, interstitial glycerol levels were higher in 

abdominal than femoral subcutaneous adipose tissues 52, a finding which attested for an 

increased lipolytic rate fiom the abdominal depot. Based upon these observations, although in 

vivo lipolysis measwments might explain the associations reported between the subjects' 

metabolic profile and fat ce11 hypertrophy, in vitro fat ce11 metabolic data should also be 

considered. 

On the other hand, results of the present sîudy also suggest that plasma insulin levels are best 

accounted for by viscerd adipose tissue accumulation in men, a finding which re-emphasizes 

the important role of "portal" adipose tissue as a correlate of insulin sensitivity 4v 6t 

However, subcutaneous abdominal fat has recently been show to also be an important 

correlate of insulin resistance 1 1. One potential explanation for this finding could be due to 

the method used to study in vivo insulin action. Indeed, insulin sensitivity was measured by 

using a euglycemic clamp in these studies 1% 11, whereas we used an oral glucose tolerance 

test. During the euglycemic clamp, the glucose-insulin infusion bypasses the gut and it is 

possible that under those conditions, subcutaneous fat may be more critical than visceral 

adipose tissue in moddating in vivo iasulin action. However, during the oral glucose load, it is 

possible that hormonal or metabolic stimuli originating fiom the gut may play a more 

important role in explainkg the pater contribution of visceral adipose tissue when the body 

is challenged by oral glucose. This hypothesis will requin M e r  d e s .  



Finally , previo us studies have already proposed that a preferential femoral fat accumulation 

could even be associated with a "protective" metabolic risk profile in obese men 17 and 

women 53. Results of the present snidy indicate that femoral fat ce11 hypertrophy did not have, 

per se, deleterious consequences on the metabolic risk profile in both genders (Fig. 2), a 

fmding which has already been observed in men 38. On the other hand, fat ce11 hypertrophy 

has been s h o w  to be related to increased lipolysis 45. However, femoral adipocytes of obese 

subjects display similar basal lipolytic rates compared to those of lean individuals, a fmding 

which is probably due to the strong a?-adrenoceptor antilipolytic component fouad in these 

cells 339 34. Such observations suggest that large femoral adipocytes do not significantly 

contribute to increase FFA flux hto the circulation and are unlikely to be deleterious to the 

metabolic risk profile of both men and wornen. 



Conclusion 

In summary, results of the present study support the notion that the amount of visceral adipose 

tissue is an important correlate of both indices of plasma glucose-insulin homeostasis and 

lipoprotein levels. However, this study documents for the Fust time that, for a similar visceral 

adipose tissue accumulation, only men with hypertrophied subcutaneous abdominal adipocytes 

are characterized by m e r  alterations in plasma lipoprotein levels, compand to individuals 

with srnailer subcutaneous abdominai adipose cells. Finally, our results suggest that the 

hypertropby of subcutaneous femoral adipocytes does not contribute to exacerbate the 

metabolic risk profile of both men and women. 
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Legends to figures 

Figure 1. Comparison of selected metabolic indices of 8 pairs of men with a low (0.44 k 0.05 

pgllipid) (open columas) or a high (0.71 k 0.04 pg/lipid) (filled columns) subcutaneous (SC) 

abdominal fat ceil weight (FCW) to those of 9 pairs of women displaying a low (0.43 k 0.07 

pg/lipid) (open columns) or a high (0.85 i 0.09 pgflipid) (filled columns) SC abdominal FCW. 

Subjects were rnatched for a similar visceral adipose tissue accumulation (1 37 -+ 2 1 vs 14 1 t 

22 cm2 and 102 i 17 vs 104 î 18 cm2 in men and women, respectively). Statistical 

signûicance at * P < 0.05. 

Figure 2. Comparison of selected metabolic indices of 9 pairs of men with a low (0.44 J: 0.02 

pgliipid) (open columns) or a high (0.74 f 0.04 pg/lipid) (filied columns) femoral fat ce11 

weight (FCW) to those of 9 pairs of women displaying a low (0.56 f 0.04 pg/lipid) (open 

columns) or a high (0.99 i 0.05 pg/lipid) (filled columns) femoral FCW. Subjects were 

matched for a similar visceral adipose tissue accumulation (136 k 18 vs 139 k 19 cm2 and 108 

f 16 vs 1 1 1 f 17 cm2 in men and women, respectively). 



Table 1. Physical characteristics of subjects. 

- 

Women (n = 65) Men (O = 69) 

Age @«US) 35f 5 3 6 I 4  

Anthropometric variablm 

Body weight (kg) [ 73 f: 21 81 t 12 $ 

BMI (kglm2) 1 2 8 k 9  27 k4 

Fat mass (kg) l 29f 16 2 2 f 8 *  

% Fat 3 7 I 1 1  26f65 

Waist gkth (cm) 84 f: 17 94f 11 8 

Adipose thrue a w  mcaauml by CT ( c d )  

Abàomen (LCLS) 

Subcutaneous 361 f 202 242 I l 0 1  $ 

Visceral 90 f 50 121 f 48 % 

Midthigh subcutaneous l 176 f 68 97f 35g 

Regional fat cell weight (pg lipid lceii) 

Value are means f standard deviation (SD). 

BMI = body mass index; CT = computed tomography. 

Signüicant gender difference at P< 0.05, f Pc 0.00 1 and 4 P< 0.000 1. 

a indicates a regional d a t i o n  in adipose ce11 size of women at P< 0.05. 

Mann-Whitney test for nonparametric variables was peifomed because this 

variable was not normslly distributeci 



Tabie 2. Metabolic profile of subjects. 

Women (n = 65) Men (n = 69) 

Glucose (mmoV1) 4.8 f OS 5.2 I 0.6 5 

Insulin (pmoY1) 66.5 f 47.9 78.7 f 35.1 t 

FFA (mmol/l) 0.5 f 0.2 0.6 f 0.2 

TG (mmoV1) 1.3 f 0.6 1.6 f 0.I 

CHOL (mmoV1) 4.9 f 0.9 4.9 I 0.7 

LDL-CHOL (mmoVI) 3.3 f 0.9 3.3 f 0.7 

HDL-CHOL (mmoV1) 1.2 f 0.3 1.0 k 0.2 $ 

LDL-apo B (mg/di) 79.3 f 2 1.4 81.72 18.2 

CHOLIHDL-CHOL 4.3 + 1.2 5.0 k 1.3 t 

Glucose area 1.12 f 0.23 1-17 f 0.28 

lnsulin area 46.0 f 34.8 71.9 f 34.2 @ 

Value are means * standard deviation (SD). 

TG = triglycerides; CHOL = cholesterol; FFA = fke fatty acids; 

APO = apolipoprotein. 

Significant gender dEerence at Pc 0.05, t P< 0.01, $ Pc 0.00 1 and 

8 P< 0.000 1. 

Glucose and insulin mas represent integrated plasma concentrations measured for 3 h after an 

oral glucose load (75g/OGTT). Glucose area is expressed in (mmowrnin) x 10-3 whereas 

insulin area is expressed in @mo Wmin) x 10-3. 

l Mann-Whitney test for nonparametric variables was perfonned because this 

variable was not n o d y  distnbuted 



Table 3, Pearson correlation coefficients between subcutaneous abdominal and femoral fat 

ce11 weights, visceral adipose tissue (VAT) accumulation versus metabolic variables in the 

sample of 69 men. 

- - -  

VAT Fat ce11 weight 
Abdominal Femoral 

Glucose .43 8 .26* .O2 

lnsuiin .55§ .35t .O6 

FFA .28* ,337 .13 

TG .28* .34t .30t 
CHOL .16 .36t .13 

LDL-CHOL -13 .27' .O9 

HDL-CHOL 9-22 0.2 1 -.32t 
LDL-apo B .28* .40$ .14 

CHOL/HDL-CHOL .24* .33t .29+ 
Glucose area ,568 .35t .O8 

Insulin m a  ,654 .56§ .20 

* P< 0.05, t P< 0.0 1, t P< 0.001 and 8 P< 0.000 1. 

For abbreviatious, see footnotes to Table 2. 



Table 4. Pearson correlation coefficients for the associations between subcutaneous 

abdominal and femoral fat ce11 weights, viscerd adipose tissue (VAT) accumulation versus 

metabolic variables in the sample of 65 women. 

VAT Fat cell weight 

Abdominal Femoral 

Glucose .579 .52# .3 8$ 

Insulin .62§ .60$ ,528 

FFA -528 .42$ 9.13 

TG .71$ .560 .45$ 

CHOL .27* .3 17 .29* 
LDL-CHOL .24* .32t .29* 
HDL-CHOL -.Si 5 0.469 0.33 t 
LDL-apo B .33t .36t 20 
CHOWHDL-CHOL .549 .52§ .42 t 
Glucose area .42$ .27* .O6 

Insuiin m a  .44f .42f .31* 

* P< 0.05, t P< 0.01, $ P< 0.001 and g P< 0.0001. 

For abbreviations, see footnotes to Table 2. 



Table S. Stepwise multiple cegression analysis showing the independent contributions of sorne 

anthropometric variables to the variation in the metabolic risk profile of the 69 men. 

Dependent Independent Partial To ta1 P 
Variable Variable (R* x 100) (R' x 100) 

Model 1 
TG 

Model 1 
LDL-apo B 

Model 1 
HDL-CHOL 

Model 1 
Insulin 

Model 1 
Insulin area 

Abdominal fat ce11 weight (+) 

Femoral fat (+) 

Subcutaneous abdominal fat (+) 

Abdominal fat ceil weight (+) 

Femoral fat celi weight ( 0 )  

Visceral fat (+) 

Visceral fat (+) 

Abdominal fat ce11 weight (+) 

Femoral fat (+) 

Subcutaneous abdominal fat (+) 3.3 0.04 

Model 1: Included fat mas ,  fernocal fat, visceral and subcutancous abàorninal 

adipose tissue measured by CT as well as subcutaneous abdominal and femoral fat ce11 

weighîs. 

For abbreviations, set fooînotes to Table 2. 

Positive (+) or negative (0 )  relationships between the independent and the dependent variables. 



Table 6. Stepwise multiple regression analysis showing the independent contributions of some 
anthropometric variables to the variation in the metaboüc risk profile of the 65 women. 

Dependeat Independent Partial To ta1 P 
Variable Variable (R2 x LOO) (R* x 100) 

Model 1 
TG Viscerd fat (+) 50b7 50.7 ObOOO 1 

Modell 
LDL-apo B Subcutaneous abdominal fat (+) 18.0 23.2 0.0 1 

Fat mass (+) 5.2 0.05 

Model 1 
HDL-CHOL Visceral fat (-) 25.5 25.5 0.000 1 

Mode11 
Insuiin Fat mass (+) 46.4 65.0 0 .O00 1 

Femoral fat (+) 6.8 0.005 

Subcutaneous abdominal fat (+) 7.6 0.002 
Femoral fat ce11 weight (+) 4.2 0.0 1 

Model 1 
Insulin area Subcutaneous abdominal fat (+) 21.0 21.0 0.0002 

Model 1: Included fat mas, femoral fat, Msceral and subcutaneous abdominal 

adipose tissue measured by CT as well as subcutaneous abdominal and femoral fat ce11 

weights. 

For abbreviations, see footnotes to Table 2. 

Positive (+) or negative (-) mlatioaships between the independent and the dependent variables. 
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CHAPITRE 6 

EFFET D'UNE PERTE POND&ALE MODÉRÉE SUR L'ACTIV~ZÉ ET 

L'EXPRESSION DE LA LIPOPROT~ÉIIVE LIPASE DU nSSU ADIPEUX: 

EXlSTENCE DE VARIATION SEXUELLE E t  DE DIFF~RENCES R&GIONALES 

L'article composant ce chapitre est intihilé: 

"Effect of a moderate weight loss on adipose tissue lipoprotein lipase activity and expression: 

existence of s e d  variation and regional ciifferences" 

(InternutionaL Journal of Obesity 23 ; 957-965, 1 999) 



Cette étude avait pour but de vérifier l'impact d'une perte de poids modérée sur l'activité et 

l'expression de la lipoprotéine lipase du tissu adipeux (TA-LPL) et le lien entre les variations 

de l'activité de la TA-LPL et celles des concentrations plasmatiques de certaines lipoprotéines. 

À cet égard, 32 sujets caractdrisés par une surcharge corporelle (14 hommes et 18 femmes 

prdm6nopausées; âge variant de 36 il 50 ans) ont subi une restriction dorique d'une durée de 

15 semaines et dont le déficit énerg6tique était de 500-800 kcalljour en-dessous de leur 

dépense énergktique estimée. Des biopsies au niveau des sites sous-cutané abdominal et 

fémoral ainsi que des mesures de lipoprotéines plasmatiques à jeun ont été effectuées avant et 

4-6 semaines après la restriction calorique alors que les sujets pr6sentaient un poids stable. En 

réponse B la perte de poids, l'activitk de la TA-LPL des deux regions étudides a diminué chez 

la femme alors qu'aucun changement n'a ét6 observe chez l'homme. Par ailleurs, aucun 

changement au niveau de l'expression de la TA-LPL n'a &té relevd suite au traitement chez les 

deux sexes. La perte de poids a entraîne une diminution significative des concentrations 

plasmatiques de triglycérides (TG), d'insuline et de la fraction cholestérol (C) des 

lipoprotéines de faible densite (LDL-C) chez i'homme alors que seules les concentrations de 

TG et de LDL-C étaient diminutes chez la femme (P < 0.05). Chez la femme, une diminution 

de l'activité de la TA-LPL du site fdmoral a été associde ii une réduction des concentrations 

plasmatiques de la fraction C des lipoprotéines de haute densité (HDL-C) en réponse a la perte 

de poids (r = 0.50, P c 0.05). Une relation inverse a celle décrite précédemment a été rapportée 

chez l'homme entre Pactivite de la TA-LPL du site fémoral et les concentrations plasmatiques 

de HDL-C (r = -0.64, P c 0.05). En conclusion, ces résuitats demontrent qu'en réponse B une 

perte de poids 1) les changements de l'activitd de la TA-LPL diffèrent en fonction du sexe de 

Pindividu alors que les changements des niveaux d'expression de l'enzyme demeurent stables; 

2) les changements de Pactivitt de la TA-LPL du site fémoral semblent être reliés aux 

variations des concentrations plasmatiques de HDL-Cs chez les deux sexes. 
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Objective: To evaluate the impact of a moderate body weight loss on both adipose tissue 

Iipoprotein lipase (AT-LPL) activity and expression and to ver@ whether variation in AT- 

LPL could be related to changes in the lipid-lipoprotein metabolism. 

Design: Intervention study of a 15-week weight reducing program (energy deficit: 500-800 

kcaVday under subjects' estimated sedentary energy expenditure). 

Subjects: Thinhy two obese subjects (11 men and 18 premenopausai women; aged 36-50 

years) whose body fatness ranged fiom 34 to 54% fat. 

Measuremeets: Adipose tissue biopsies from the abdominal and femoral depots, various 

fatness and fat distribution parameters (computed tomography and anthropometry), fasting 

plasma concentrations of high- and low-density lipoprotein cholesterol (HDL-C, LDLG), and 

triglycerides at baseline and 4-6 weeks after the 15-week weight reducing program, when 

subjects wen weight stable. 

Results: In response to weight loss, AT-LPL activity of both regions did not change in men, 

but decreased in women. Regarding AT-LPL expression, no interaction between tirne and sex 

was observed in response to the treatment. In both genders, the higher the basal AT-LPL 

activity, the greater the reduction in enzyme activity was in response to weight loss, in both 

the abdominal and femoral depou (-0.53 < r < -0.84, P values ranging fiom 0.0001 to 0.05). 

Body weight loss promoted a significant reduction in plasma triglyceride (TG), insulin and 

LDL-cholesterol (C) concentrations in men whereas only plasma TG and LDL-C levels were 

decreased in women (P < 0.05). Although the average reduction in HDL-C levels in response 

to weight loss was not signifcant, the higher the decrease in femoral AT-LPL activity, the 

greater was the reduction in plasma HDL-C levels (r = 0.50, P < 0.05) in response to weight 

loss, in women. An inverse celationship was observed between changes in femoral AT-LPL 

activity and HDL-C level variations in men (r = -0.64, P < 0.05). 

Conclusioa: These results suggest that 1) variation in AT-LPL activity dürets between men 

and women in response to a moderate body weight loss, although the corresponding enzyme 

mRNA levels remain unchanged; 2) changes in femoral AT-LPL activity are related to weight 

loss induced variation in plasma HDL-C levels. 



Introduction 

Since the pioneering clinical observations of Jean Vague (l), numerous studies have 

reemphasized the notion that men tend to accumulate excess fat predominantly in the 

abdominal region which represents a health hazard whereas women display a preferential fat 

deposition in the gluteo-femoral areas which may, at least to a certain extent, be 

cardioprotective. It is also weli known that lipoprotein lipase is involved in the regulation of 

adipose ce11 triglyceride storage and therefore seems to be a key reguiator of fat accumuiation 

in adipose tissue (2-5). In this regard, regional variation in adipose tissue lipoprotein lipase 

(AT-LPL) activity has already been hypothesized to account for the gender difference 

observed in body fat distribution since the enzyme activity is higher in subcutaneous 

abdominal than in gluteal fat cells in men, whereas the opposite has been observed in 

premenopausal women (6-9). However, lipoprotein lipase messenger RNA (-A) levels 

have been reported to be higher in abdominal than in gluteal adipose tissue in both genden 

(9)- 

It is also well known that variations in AT-LPL activity occur with changes in body energy 

balance since the enzyme activity has been reported to increase in the postprandial state (10, 

Il), or after a glucose load (10, 12) and to decrease during fasting (10, 12). Dietary restriction 

is a strategy commoniy used to alter body energy balance and to treat obesity (13). Previous 

studies which have assessed the impact of hyp~calonc diet-induced weight loss on AT-LPL 
activity have reported either a decrease (14-16) or a lack of change (17) in AT-LPL activity, 

whereas others have observed an increase in enzyme activity (18, 19). However, to the best of 

our knowledge, no shidy has attempted to compare the potential gender difference in AT-LPL 

activity as well as in its mRNA level in response to a weight-reducing program. 

Thus, the aims of the present investigation were 1) to evaluate the impact of a moderate 

weight los on both AT-LPL activity and on corresponding mRNA levels in the subcutaneous 

abdominal and femoral regions in a sample of obese men and premenopausal women, and 2) 

to v d y  whether variation in AT-LPL activity and expression could be related to changes h 

the lipid-iipoprotch metabolism. 



Material and Metbods 

Subiects 

Thirthy-two obese subjects (14 men and 18 premenopausal women), aged 43 f 5 years (yrs) 

(36-50 yrs), were recmited through the media and gave their written informed consent to 

participate in this study, which was approved by the Laval University Medical Ethics 

Cornmittee. Al1 individuals were subjected to a medical evaluation by a physician, which 

included a medicd history. Subjecu with cardiovascuiar disease, diabetes mellitus, endocrine 

disorders, or those on medication which could have influenced lipid metabolism (B-blockers, 

antihypertensive dnigs, etc) were excluded fiom the study. Al1 subjects were sedentary, non- 

smokers and moderate alcohol consumers. None had recentiy been on a diet or involved in a 

weight reducing program, and their body weight had been stable during the last six months 

pnor to the study. Women had regular rnenstnial cycles and none was using oral 

contraceptives or lactating at the tirne of the study. AN measurements were perforrned while 

women were in the early follicular phase of the5 menstnial cycle. 

Al1 subjects participated in a 15-week weight loss program induced by a moderate caloric 

restriction which took iato account the individual macronutrient composition of subjects, as 

reported in their three-day dietary record before expriment (1 8- 1 9% protein, 3 8-3 9% fat, 4 1 - 
46% carbohydrate and 1-2% alcohol of total energy intake). With the exception of 

carbohydrate intake which was higher in women than in men (P < O.OS), the macronutrient 

composition was similar in both genders. The energy deficit determined by the protocol 

averaged 500-800 kcaVday under subjects' estirnated sedentary energy expenditure. This 

energy deficit was established according to induect calorimetry measurements as well as fiom 

an estimation of a daily energy intake which has been evaluaied by a thne-day dietary record. 

Dietary restriction was accompanied by the daily oral intake of 60 mg of fenflurarnine, a 

serotonin reuptake inhibitor which has been shown to facilitate body weight loss by a 

hypocaloric diet (20). 



Adipose tissue bio~m ~rocedure and adiwse tissue li~o~rotein limse (AT-LPL) activitv 

AAer an ovemight fast, participants were subjected to biopsies of subcutaneous fat, one 

perfomed in the penumbilical region (abdominal site) and the other at the anterior midthigh 

levei (femoral site). Local anesthesia (L% xylocaine, without epinephrine) was performed in 

such a way that it did not influence the metabolic activity of excised AT (21). Biopsies were 

performed before and 4-6 weeks after the end of the treatment when ail subjects were weight 

stable. A smail cutaneous incision (1 cm) was performed in both sites and approxhately 150 

mg of adipose tissue fkom each region were immediately fiozen in liquid nitrogen for later 

measurement of heparin-releasable LPL activity, according to Savard et al (22). Bciefly, 

duplicates of 20-30 mg adipose tissue were incubated for 40 min at 2 8 ' ~  with 0.5 ml of Krebs- 

Fünger-0.1 M Tris-HCL (pH 8.4) containing bovine senun albumin (1 %) and heparin (2.5 IU) 

to achieve LPL release fiom the tissue. The tissue was then removed and 0.5 ml of substrate 

was added to the released LPL solution which was therefore incubated 2h at 28OC under gentle 

shaking. The substrate consisted of a mixture containhg ['4~]triolein (1.3 pCVm1) and cold 

triolein (1 1.1 mg/ml) sonicated in gum arabic (5 %), NaCl (2 %), fatty acid free bovine senun 

albumin (10 %) and fasted human serum. AT-LPL activity was expressed as micromoles of 

free-fatty acids (FFA) released per hour per 106 cells. Since AT-LPL activity is associated 

with fat ce11 size (3,22), AT-LPL activity was also expressed per ce11 surface area (nanomoles 

FFA per hour per micrometer squared times 108). AT-LPL activity experiments were 

performed in al1 subjects (14 men and 18 women). The same batches of collagenase and 

bovine serum dbumui (Boehringer Mannheim, Canada) were used in al1 experiments. [I4c]- 
triolein was obtained h m  Dupont NEN (Canada) whereas cold triolein came from Sigma (St- 

Louis, MO, USA). AU other chernicals and organic solvents were of the highest purity grade 

commercially avaiiable. 

Another sample of 200 mg adipose tissue was used for the measurement of fat ce11 size. 

Adipocytes were isolated according to the method of Rodbell (23), in a Krebs-Ringer 

bicarbonate bufEer (pH 7.4) contaiaiag 4% bovine serum albumin (KRBA) and 5 mM glucose, 

plus 1 m g / d  collagenase, as previously described (24). Mean adipose ce11 diameter was 

assessed from the measurement of at least 500 cells on a microscope equipped with a 



graduated ocular (Rockieight, NJ), and the density of triolein was used to transfomi adipose 

cell volume into fat ce11 weight, as pnviously described (24). 

RNA ~re~aration 

Adipose tissue samples of approximately 50 mg were put in liquid nitrogen and total RNA 

was isolated using guanidinium thiocyanate phenol chloroform extraction and alcohol 

precipitation (25). Due to the limited amount of fat obtained in some subjects, AT-LPL mRNA 

assays couid be performed only in 9- 1 1 men as well as in 1 1- 13 women for the abdominal and 

femoral adipose regions, respectively. The average yield of total RNA was 38.1 k 28.1 and 

40.5 f 26.4 pg/g adipose tissue (wet weight) (not significantly different) for biopsies 

perfonned before and after the treatment, respectively. The absorption ratio (260:280 nm) 

ranged between 1.6 and 1.9 for al1 preparations. Total RNA was stored at -800C until 

quantification of the target mRNA. 

Ouantification of mRNA 

AT-LPL mRNA was quantified by RT-PCR in the presence of an internai standard, Le., rat 

adipose tissue, as previously described (26). Briefly, this method is based on the fact that rat 

and human cDNA segments are homologous to each other, except for 3 1 bases dispened 

throughout the region (27). There exists a unique BsaJi restriction site in both the rat and 

human sequences, but they occur in different positions in the two molecules. Therefore, when 

digested with the B s d  enzyme (New England Biolabs, Beverly, MA, USA), the human 

cDNA yieids two hgments of equal size for the human cDNA (147 bp), while the rat cDNA 

yields two fragments of unequal size (136 and 158 bp). The two rat fragments can then be 

easily separated fiom each other and fiom the human fragment when one of the cDNAo is 

used as an intemal standard in the PCR amplification of the other. cDNA was synthesized 

Grom 500 ng of total RNA in 20 pl of reverse transcription mixture that had the following final 

composition: 50 mM Tris-HCI (pH 8.3), 75 mM KCl, 3 m M  MgCl2, 1 mM each of 

deoxribonucleotides (dNTPs) and 150 pmol of dowstream primer (5 ' -  

C'ITCACTAGCTGGTCCACAT-3'). The tubes were heated at 950C for 5 min and cooled 

immediately in ice. One microliter (200 U) of Moloney mutine leukemia virus (M-MLV) 



reverse transcriptase was added, and the reaction mixture was overlaid with 30 pl of mineral 

oil. The tubes were incubated at 420C for 1 h and 950C for 10 min. The following solutions 

were added to the reaction tubes on top of the mineral oil: 5 pl of PCR buffer (300 mM Tris- 

HCl, pH 8.3,200 mM KCI, 13 m M  MgCl2, 1 mgfml bovine senun albumine, 150 pmol of 

upstream primer (5'-GC AGGAAGTCTGACC AATAAG-3'). 3 pCi of [a-32p]dCTP9 2 uni& of 

Tuq DNA Polymerase (Boehringer, Mannheim, Canada) and water to a fmal volume of 50 pl. 

The samples were heated at 950C for 3 min and amplificd for 30 cycles in a DNA thermal 

cycler (GeneAmp PCR System 9600, Perkin-Elmer, Norwalk, CT, USA) using the following 

parameters: 1 min at 940C9 1 min at 560C and 1 min at 72%. Aliquots (30 pl) of PCR products 

were digested with 2.25 nits of the restriction enzyme BsaJI for 2 h at 600C. The digestion 

products were separated on a 13.5% polyacrylamide gel, and the bands were revealed by 

ethidium bromide staining. Radioactivity in the bands were determined by Cherenkov 

counting after excision fiom the gel. 

Total bodv fatness and regional fat distribution 

Body density was determined by the underwater weighing technique and percent body fat was 

derived fiom body density (28). Pulmonary residual volume was measured using the helium 

dilution method (29). Fat mass was calculated as total body weight minus fat-free mass. Waist 

girth was measured according to the procedures recornmended at the Airlie Conference (30). 

Computed tomography (CT) was perfonned on a Siemens Somatom DRH scanner (Erlangen, 

Gemany), according to the methodology of SjtlsWm et al (3 1). Briefly, subjects were 

examined in the supine position with both anns stretched above their head. CT scans were 

petfonned at both the abdominal (between L4 and LS vertebrae) and fernord (midthigh) 

levels, ushg a radiograph of the skeleton as a reference to establish the position of the scans to 

the nearest millimeter. Total adipose tissue (AT) areas were calculated by delineating these 

m a s  with a graph pen and then computing the AT surfaces with an attenuation range of -190 

to -30 Hounsfield d t s  (HU) (3 1). as previously described (32). Abdominal viscerai AT ana 

was measwed by drawing a line within the muscle wall sumunding the abdominal cavity. The 

abdominal subcutaneous AT a m  was calculated by subtracting the visceral AT area h m  the 

total abdominai AT area. 



P iasma determinations 

Blood samples were obtained in the moming after a 12-h fast fiom an antecubital vein. Fasting 

plasma glucose and free-fatty acid (FFA) levels were measured enymatically (33, 34), 

whereas plasma insulin concentration was determined by radioimmunoassay with 

polyethylene glycol separation (35). Cholesterol (C) and triglyceride (TG) levels in plasma 

and lipoprotein fractions, were measwd enyrnatically on a RA-1 000 automated analyzer 

(Technicon Instruments Corporation, Tarrytown, NY, USA). M e r  an ultracentrifugation, 

plasma high density lipoprotein @DL) fraction was obtained after precipitation of low density 

iipoprotein (LDL) in the infianatant (d > 1 .O06 &ml) with heparin and MnC12 (36). Plasma 

LDL-apolipoprotein (apo) B levels were rneasured by the rocket imrnunoelectrophoretic 

method of Laurell, as pmiously described (37). 

Statistical  anal^ ses 

Gender variations were tested for signincance with the Studentfs t-test. The difference between 

values obtained before and after weight Ioss was analyzed with a paired t-test. A two-way 

aualysis of variance was also perfonned to veri@ whether significant sex and site diffennces 

for AT-LPL activity exist before and after weight loss and post hoc cornparisons were tested 

with a paired t-test. Finally, univariate associations between variables were quantified using 

Pearson's product moment correlation coefficients. Al1 analyses were perfomed using the 

Jump program (SAS Institute Inc., Cary, NC) adapted for Macintosh cornputers. 



Results 

Subiects' characteristics 

Subjects' physical characteristics before and &er the weight-reducing program are presented 

in Table 1. Before weight loss, gender cornparisons revealed that subcutaneous adipose tissue 

areas were higher in women than in men (P values ranghg from 0.0001 to O.OS), whereas 

visceral fat accumulation was greater in the latter than in the former subjects (P < 0.001). On 

the other hand, women had larger femoral adipose cells than men (P < 0.001), whereas no sex 

difTerence was found in subcutaneous abdominal fat ce11 weight. 

As expected, total adiposity was nduced after weight loss, in both genders (P values ranging 

from 0.0001 to 0.00 1). Weight reduction was also accompanied by a significant decrease in al1 

the adipose tissue areas and subcutaneous fat cell weights (P values ranging from 0.0001 to 

0.05). 

The mean weight loss achieved 10 f 4 kg (range -4 to - 1 7 kg) vs 9 f 6 kg (range O to -23 kg) 

in men vs women, respectively. However, men displayed a greater decrease in fat mass, 

percent fat and waist girth (P values ranghg fkom 0.001 to 0.05). although they showed a 

lower reduction in their fat-free mass as compared to women (P < 0.00 1). Finally, 

subcutaneous abdominai and viscerai adipose tissue areas as well as regional fat ce11 weight 

decreased sirnilarly in nsponse to weight loss, in both gendea. 

insert Table t 

Subiects' rnetabolic ~ ro f i k  

Table 2 shows the rnetabolic profile of both men aiid women, before and after weight loss. At 

baseline, gender compatisons revealed that men displayed lower plasma HDL-C 

concentrations compared to women (P < 0.05). whercas no sex difference was observed in 

indices of plasma glucose and insulin levels. Plasma TG, LDL-C and LDL-apo B 

concentrations and fasting insulin levels were reduced in men &et weight loss (P values 

ranging fiorn 0.01 to 0.05). Plasma HDL-C levels tended to k lower in men after weight 



reduction, although this difference did not reach statistical significance (P = 0.06). In women, 

fasting plasma TG and LDL-C concentrations decreased in response to weight loss (P values 

ranging from 0.01 to 0.05). No signififant gender difference was observed in the response of 

metabolic variables to weight reduction. 

Insert Table 2 

AT-LPL activity and ex~msion 

Figure 1 illustrates the effect of weight reduction on AT-LPL activity expressed either per 

adipose tissue mass (A), per ce11 number (B) or conected for variation in adipocyte surface 

area (C), in subcutaneous abdominal and femoral adipose regions of both men and women. 

Before weight loss, no regional variation was found in AT-LPL activity in men, whereas the 

enzyme activity was higher in the femoral than in the subcutaneous abdominal fat depot in 

women (P < 0.05). Moreover, women displayed a greatet pn-weight loss AT-LPL activity in 

both depots than men (P < 0.001). In response to the treatment, a significant time and sex 

interaction was observed for AT-LPL activity, regardless of the mode of expression of the data 

and the region studied (F values ranging fiom 5.4 to 6.7; P values mging fiom 0.01 to 0.05). 

This observation was probably due to the lack of variation in AT-LPL activity in men and to 

the decrease of the enzyme activity in women. Femoral AT-LPL activity was significantly 

Iiigher in women than in men, d e r  weight loss (P < 0.01). 

Insert Figure 1 

Figure 2 shows the e&t of weight loss on AT-LPL expression. No regional variation was 

observed in AT-LPL mRNA levels before and aftet weight loss in both gendea. On the other 

hanci, women pnsented higher pre-weight loss subcutaneous abdominal AT-LPL mRNA 

levels as compared to men (P < 0.05). AT-LPL rnRNA levels of both subcutaneous abdominal 

and femoral depots did not change in tesponse to weight loss in men and women. However, 

women displayed greater femoral AT-LPL mRNA levels than men at the end of the treatment 

(P = 0.05). 



Insert Figure 2 

Reiationshi~s between AT-LPL activity and mRNA levels 

The extent of the fa11 in LPL activity observed afker weight reduction in either the 

subcutaneous abdominal or the femoral fat depot was associated with the initial level of 

enzyme activity. Indeed, the higher the pre-weight loss AT-LPL activity measured in both 

adipose regions, the greater the reduction of the enzyme activity was when expressed per ce11 

surface area in both men (-0.53 < r < -0.71, P values ranging fiom 0.01 to 0.05) and women (- 

0.84 < r < -0.87, P values ranging from 0.0001 to 0.001) (Fig. 3). Similar results were 

observed regardless of the mode of expression of AT-LPL activity, i.e., results being 

expressed per ce11 number or per adipose tissue mass (-0.53 < r < -0.84, P values ranghg from 

0.0001 to 0.05) (not shown). Moreover, mRNA ievel was not significantly correlated with the 

enzyme activity, irrespective of the gender or the adipose depot (-0.14 < r < 0.29; not s hown). 

Insert Figure 3 

Furthemore, to venQ whether the changes observed in the mbjects' metabolic profile could 

be associated with variation in AT-LPL activity or expression, correlational analyses have also 

been performed. 

Relationshi~s between AT-LPL activitv or ex~ression vs metabolic variables 

Plasma LDL-C and HDL-C levels were the only variables out of the subjects' metabolic 

profile which were associated with AT-LPL activity variation. Indeed, a decrease in 

subcutaneous abdominal AT-LPL activity was nlated to a lower reduction of plasma LDL-C 

levels, in men (r = -0.55, P < O.OS), whereas no significant association was observed between 

the latter variables in women (not shown). However, men who were characterized by a 

decreased fernorai AT-LPL activity after weight loss displayed a lower reduction of plasma 

HDL-C levels (r = -0.64, P < 0.05) (Fig. 4). In contrast, the higher the decrease in femoral AT- 

LPL activity, the pater the reduction in plasma HDL-C IeveIs was in women (r = 0.50, P < 

0.05) (Fig. 4). 

Insert Figure 4 



Discussion 

The present investigation was conducted i) to examine the effects of a 15 week- caloric 

restriction penod on both AT-LPL activity and expression in subcutaneous abdominal and 

fernorai fat depots of men and women and ii) to verify whether variation in AT-LPL function 

couid be associated with a more favorable or deleterious metabolic profile. To the best of our 

knowledge, our study is the fint to investigate the gender variation in the impact of a moderate 

weight loss on LPL activity and its gene expression. Our msults show that the enzyme activity 

does not respond similarly in both genden aAer weight loss. Indeed, AT-LPL activity of both 

regions remained unchanged in men, whereas the enqme activity decreased in both adipose 

sites fiom women. This marked gender difference was, however, not observed for AT-LPL 

mRNA levels in respow to the weight-reducing program. 

The fact that premenopausal women displayed a higher AT-LPL activity in the femoral than in 

the subcutaneous abdominal region (Fig. 1) has already been reported by us (38, 39) and 

othen (6, 8, 9). The finding that men had a similac AT-LPL activity in both adipose depots 

(Fig. 1) is also in agreement with previous studies (7-9, 39). Moreover, our data support the 

notion that both subcutaneous abdominal and femoral AT-LPL activities are higher in women 

than in men, as previously reported (8, 9, 39-41). This sex related difference in AT-LPL 

activity could be potentially influenced by variation in steroid hormones (4, 42). Indeed, 

progesterone has aùeady been reported to promote the filling of gluteo-femoral adipocytes by 

stimulating LPL activity in these cells (43), whereas testosterone administered to men has 

been s h o w  to inhibit LPL in the subcutaneous abdominal but not in the femoral adipose 

tissue (44). 

We also found a sigaincant gender effect on AT-LPL activity in response to weight reduction 

since AT-LPL activity did not change in men, whereas it decreased in women. Our hdings in 

wornen, but not in men, are concordant with previous observations (7, 15, 16). Indeed, one 

study exclusively composed of men (18) and another that inciuded 6 men and 3 women (19) 

have already repoitad an increase in AT-LPL activity &r weight loss. It is possible that such 

discrepancy could be due to the substantial mean weight loss (16 and 43 kg) reportcd in the 



two previous studies, as aiready hypothesized (18, 19). Rebuffé-Scrive et a1 (14) have also 

proposed several hypotheses to explain this discrepancy such as differences in the gender and 

in the subjects' fatness as well as the nature and duration of the restrictive diet used to promote 

weight loss. Up to now, the gender difference observed in AT-LPL activity following weight 

reduction in the present study cannot be easily explainable by available literature, although 

steroid hormones have been shown to vary between men and women who were subjected to 

weight loss (45). Although al1 these factors may have poteatially affected the predicted AT- 

LPL response to weight loss, the positive relationship observed between the fa11 in LPL 

activity and the pre-weight loss enzyme activity (Fig 3) is commonly observed among studies 

reporting a decreased AT-LPL activity (14-16). However, m e r  studies are clearly warranted 

to cl- this issue. 

A previous study showed that AT-LPL mRNA levels were higher in the abdominal than in the 

gluteal site of both lean men and women (9). However, the fact thst we did not observe any 

regional variation in LPL mRNA abundance in both sexes could be partly explained by our 

subjects' fatness. Amer et al. (9) also reported that in both regions, AT-LPL mRNA levels 

were signifiicantly higher in women than in men. Our results revealed that pre-weight loss AT- 

LPL rnRNA content was higher in the abdominal region of women as compared to men. On 

the other hand, Kem et al. (19) have already reported an increase in the AT-LPL mRNA levels 

of the abdominal region following a substantial weight loss in massively obese individuals. In 

our study, no significant variation in AT-LPL expression was observed following the 

treatment, in both regions and genders. This discrepancy could, once again, be explained by 

the difference in the magnitude of weight lost before subjecu stabilized theu body weight or 

by the subjects' level of fatness itself. In the present study, both AT-LPL activity and 

expression did not change in men whereas the eayme activity, but not its corresponding 

mRNA level decreased following weight reduction in women. Even though we did not 

measun the lipoprotein lipase mas, it is Likely that weight loss induced a decrease AT-LPL 

activity of women through postranslational mechanisms, as aiready documented (9,11,46). 

Finally, it is well known that a substantiai part of HDL is derived h m  SCUf'e constituents of 

chyloxnicmns and VLDL duriiig bnakdown of their triglycerides by lipoprotein lipase (47, 



48). In this regard, Magill et al (49) have already observed that a high gluteal AT-LPL activity 

increased the fractional rate of catabolism of VLDL, which, in turn, raised HDL-C 

concentrations. Our results show that a nduced femoral AT-LPL activity is associated with 

decreased plasma HDL-C levels in women. Since a high femoral AT-LPL activity has been 

reported to be a significant conelate of the more favorable plasma lipoprotein-lipid profile 

(i.e., HDL-C) observed in premenopausai women (39), a reduced enyme activity could have 

an undesuable impact on HDL-C levels. St-Amand et ai (39) have recently reported that 

plasma LDL-C levels were negatively related to plasma postheparin LPL activity in men, but 

not to subcutaneous abdominal AT-LPL activity. Although we did not observe any 

relationship between plasma LDL-C levels and subcutaneous abdominal AT-LPL activity 

before weight loss, changes in subcutaneous abdominal AT-LPL activity were significantly 

associated with LDL-C variation following weight loss, in men. These results could be parily 

explained by the role of LPL in the retention of LDL in the subendothelial matrix (50). 

In surnrnary, this study documents for the first time that variation in AT-LPL activity of both 

subcutaneous abdominal and fernoral regions differs according to gender, even though the 

magnitude of weight loss is similar in both men and women. However, this sexual dimorphism 

was not observed at the mRNA level. Variation in AT-LPL activîty is not a good predictor of 

changes occwring in adipose ce11 size and regional fat during dietary weight reducing tberapy. 

Findly, a reduction in fernoral AT-LPL activity following a moderate weight loss through 

calorie restriction does not appear to preserve the favorable plasma lipoprotein profile against 

the risk of developing coronary heart disease observed in premenopausal women. 
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Legends to figures 

Figure 1 

Adipose tissue lipoprotein lipase (AT-LPL) activity expressed cither per g of adipose tissue 

mass (A), per ce11 nurnber (B) or corrected for variation in adipocyte surface area (C) in 

subcutaneous abdominal and femoral regions of men and women, before and after weight loss. 

Values are means f SE. Significant gender variation at t P < 0.01 and $ P < 0.001. a indicates 

a significant difference within each sex. before and after weight loss at P < 0.05. 

Fime 2 

Adipose tissue lipoprotein lipase expression (AT-LPL mRNA level) in subcutaneous 

abdominal and femoral regions of men and women, before and after weight loss. Values are 

means f SE. Significant gender variation at + P < 0.05. 

Fi~ure 3 

Relationships between the changes in AT-LPL activity induced by weight loss and the pre- 

weight loss enzyme activity in subcutaneous abdominal and femoral regions of men and 

women. 

Fime 4 

Relationships between the changes in plasma HDL-C Ievels and the AT-LPL activity variation 

following weight loss in subcutaneous abdominal and femoral regions of men and women. 
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VARlA7ïONS RPGIONALES ET SEXUELLES DE LA LlPOL YS€ DU nSSU 

ADIPEUX EN R~PONSE A UNE PERE DE POIDS 

L'article composant ce chapitre est intitulé: 

"Regional and gender variations in adipose tissue lipolysis in response to weight loss" 

(Journal of Lipid Research 40; 1559-1 571,1999) 



Résumé 

La rdponse lipolytique d'adipocytes isolés aux catécholamines a été mesurée chez 32 sujets 

obèses (14 hommes et 18 femmes préménopausées) âgés entre 36 et 50 ans et dont l'indice de 

masse corporelle variait de 30 à 42 kg/m2. La lipolyse des cellules adipeuses sous-cutanées 

abdominales et fémorales a étC Ctudiée avant et apds un prognunme de restriction calorique de 

15 semaines au cours duquel la perte moyenne de poids respective fut de 9 et 10 kg chez les 

femmes et les hommes (P < 0.0001). La taille des cellules adipeuses a diminue d'environ 15- 

20% au niveau des deux dtpôts suite la restriction énergétique (P variant entre 0.0 1 et 0.05). 

Aux faibles concentrations, l'adrénaline (agoniste mixte a2Ifbadrénergique (AR)) a entraM un 

effet antilipolytique alors puth fortes concentrations un effet lipolytique de l'hormone fut 

observe, indépendamment du traitement et du depôt adipeux. La lipolyse basale, la réponse 

lipolytique maximale B Pisoprdnaline (agoniste p-AR), A la dobutamine (agoniste BI -AR) et au 

procatbrol (agoniste p2-AR) ainsi que l'effet antilipolytique de I'UK- 143 04 (agoniste a2-AR) 

étaient similaires aprés la perte de poids. Cependant, la sensibilitt et plus particulièrement 

@2-AR et la densite des récepteurs f3-AR ont ét6 augmentees en rdponse à la restriction 

calorique chez les deux sexes, cet effet Ctant plus marqué au niveau des adipocytes 

abdominaux que fëmoraux (P variant entre 0.00 1 et 0.05). Une diminution de la sensibilité a2- 

AR des adipocytes fut observte au niveau des deux régions dtudikes chez la femme. mais 

seulement au niveau sous-cutank abdominal chez l'homme (P < 0.05) aprés la perte de poids, 

sans qu'il n'y ait eu toutefois de changements dans la densite en récepteurs a2-AR. En 

conclusion, cette étude montre qu'une perte de poids moddrée entraîne une meilleure efficacit6 

lipolytique de l'sdipocyte s'expliquant par une augmentation de la sensibilité fl2-AR et une 

diminution de la sensibilité a2-AR. 
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Catecholamine-induced lipolysis was investigated in 32 obese subjects (14 men and 18 

premenopausal women), aged 36-50 yean, whose body mass index ranged from 30 to 42 

kg/m2. Isolated subcutaneous (subc) abdominal and femorai adipocytes were studied before 

and after a 15 week-weight reducing program, during which mean body weight loss averaged 

9 vs 10 kg in women and men, respectively (P < 0.0001). Participants were re-examined when 

they were weight stable. Fat ce11 weight decreased by about 15-20 % in both depots (P values 

ranging fiom 0.01 to 0.05). Epinephnne (mixed a24 B-adrenoceptor (AR) agonist) induced 

antilipolysis at low concentrations and a net lipolytic response at higher doses, irrespective of 

subjects fatness and anatomic location of fat. Basal lipolysis, maximal lipolytic responses to 

isoprenaline (&AR agonist), dobutamine and procaterol (BI- and p2-AR agonists, 

respectively) as well as maximai antilipolytic effects of epinephrine or UK-14304 (&-AR 

agonist) were similar before and &et weight reduction. However, both f3- and $2-AR lipolytic 

sensitivities and the B-AR density were increased in both genders after weight reduction, this 

effect being mon rnarked in subc abdominal than in femoral adipocytes (P values ranging 

from 0.001 to 0.05). The a2-AR antilipolytic sensitivity was reduced in adipose cells from 

both regions in women, but only in subc abdominal adipocytes in men (P < O.OS), although the 

&AR density remained unchanged following weight reduction. In conclusion, a moderate 

weight loss leads to a higher adipose ce11 lipolytic efficiency which is associated with changes 

at receptor levels (mainly an increased 82- and a decreased abAR sensitivity), in both 

genden. 

Key wordr: adipocyte, lipolysis, catecholamines, adrenoceptors, hormone-sensitive lipase, 

regional variation, weight reduction. 



Introduction 

Since the pioneering clinical observations of Vague (I), numerous studies have ce-emphasized 

the notion that premenopausal women who tend to accumulate fat preferentially in the gluteal 

and femoral regions are at lower risk of complications than men who are generally 

characterized by a high relative accumulation of abdominal adipose tissue (2-4). Human 

adipose tissue is also well established as being heterogeneous in its metabolic activity, and 

regional variations in rates of lipid storage andor mobilization in adipose cells have already 

been suggested as contributing to local differences in adiposity (5-9). Among the various 

hormones which control lipid mobilization, catecholamines and insulin appear to be powerful 

regdators of in vitro adipose ce11 lipolysis in adult humans (5,6,10,11). The final response of 

subcutaneous adipocytes to catecholamines (antilipolysis or lipolysis) depends upon the 

functional balance between inhibitory a2- and stimulatory p-adrenoceptors (6,9- 1 1) whose 

activation regulates adenylyl cyclase activity and thenby CAMP production, which in turn 

modulates hormone-sensitive lipase (1 2,13). Moreover, marked sex- and site-diffennces for 

the in viho adipose ce11 lipolytic response to catecholamines have been extensively descnbed 

in both normal and obese individuals (1 4- 1 8). The in vitro lipo lytic resistance of subcutaneous 

abdominal adipose cells to catecholamines in obese patients couid be mainly attributed to a 

reduced 82- and/or an increased a2-adrenoceptor component and to an impaired activation of 

hormone-sensitive lipase, compared to non obese controls (1 3,17,19-2 1). 

Arnong the various foms of treatment of obesity, dietary interventions such as fasting, low or 

very low-calorie diets (LCD or VLCD) remain widely used therapies to promote weight 

reduction in obese patients (22). As body weight loss and the nlated decrease in adipose tissue 

mass are generdiy accompanied by a concomitant reduction in adipose ce11 size, changes in 

the adipocyte lipolytic potencies could contribute to explain variation in lipid mobilization 

(5,8,9). However, to the best of out knowledge, with the exception of two studies which 

ex-d the effect of caloric restriction on both subcutaneous abdominal and gluteai adipose 

tissues of obese women (23,24), there has been no attempt to clari@ the mechanisms 

underlying the changes in regional adipose ceii lipolysis occurring during weight reduction, in 

both genders. indeed, prior expeiiments adhssing this issue have been generally conducted 

on women who uaderwent LCD or VLCD therapy (25-31). Furthemore, these studies 



generally did not consider the well known regionai dBerences in fat ce11 lipolysis, since 

subcutaneous abdominal adipose tissue was the only depot investigated. 

Therefore, the aims of the present study were 1) to examine the lipolysis regulation of 

subcutaneous abdominal and femoral adipocytes in both obese men and premenopausal 

women who were subjected to a weight loss therapy through dietary energy restriction, 

participants being re-examined after weight stabilization, 2) to verim the putative existence of 

regional and gender variations in these responses, and 3) to identiQ the cellular mcchanisms 

(located at receptor and/or pst-receptor levels) underlying such differences. 



Material and Methods 

Subjects and experimental design 

T m - t w o  healthy obese subjects (14 men and 18 premenopausal women) (al1 Caucasian), 

aged 43 t 5 yean (mean I SD) (range: 36-50 yr) were recruited through the media and gave 

their written informed consent to participate in this intervention protocol aiming at weight 

reduction. Al1 individuals were subjected to a physical examination by a physician, which 

includrd a medical history. Subjects with mctabolic (cardiovascular disease or non-insutin 

dependent diabetes mellitus) or endocrine disorders such as hypogonadism or hirsutisrn, or 

those on medication potentially affecting lipid metabolism (B-blockers, anti-hypertensive 

dnigs, etc) were excluded fiom the study. Ail participants were sedentary, non-smoken and 

moderate alcohol consumers. None had recently been on a diet or hvolved in a weight 

reducing program, and their body weight had ken stable for at least six months prior to the 

study. Women had regular menstnial cycles and none was using oral contraceptives or 

lactating at the time of the study. Ali measurements wen performed while they were in the 

early follicular phase of their mensrnial cycle. 

Subjects were first examined 2-4 weeks befon entering the snidy which was approved by the 

Laval University Medical Ethics Coinmittee. They were then subjected to a 15-week dietary 

restriction which took into account theu individual macronutrient composition evaluated by a 

thne-day dietary record pnor to the experiment (15-18% protein, 38.39% fat, 41046% 

carbohydrate and 102% alcohol). With the exception of carbohydrate being higher in women 

than in men (P < O.OS), the macronueient composition did not differ between genders. The 

energy deficit which was established according to measurements of daily energy expendihire 

estimated by indirect calorimetry and fiom the estimated daily energy intake obtained by a 

three-day dietary record, comsponded approximately to 500-800 kcaVday. This dietary 

restriction was accompanied by the daily oral intake of 60 mg fenflurarnine, a serotonin 

reuptake inhibitot which has k e n  shown to facilitate body weight loss (32). Panicipants were 

then re-examhed 4-6 weeks d e r  the end of the treatment when they were weight stable. As 

managing treatrnent of obesity is highly dependent of the subject's attendance to the weight- 

reducing program, participants undment weight control and a 24h-dietaty recall interview 



with a dietetician, twice a month, to ver@ compliance to the experimental procedure. Subjects 

whose body weight has varied f 2 kg from the end OF the pmtocol to the day of the adipose 

tissue biopsy were excluded fiom the study. 

Total body fatnesa and regional fat distribution 

Body density was determined by the underwater weighing technique (33) and percent body fat 

was derived fiom body density (34). Pulmonary residual volume was measured using the 

helium dilution method (35). Fat mass was calculated as total body weight minus fat-fiee 

mas.  Waist girth was measured according to the procedures recommended at the Airlie 

Conference (36). 

Computed tomography (CT) was performed on a Siemens Somatom DRH scanner (Erlangen, 

West Gemiany), according to the methodology previously described (37). Briefly, the subjects 

were examllied in the supine position with both a m  stretched above the head. CT scans wen 

performed at the abdominal (between L4 and L5 vertebrae) and at the &mord (mid-distance 

between the knee joint and the iliac crest) levels with a radiograph of the skeleton as a 

reference to establish the position of the scan to the nearest millimeter. Total adipose tissue 

(AT) areas were calculated by delineating the abdomen with a graph pen and then computing 

the AT surfaces using an attenuation range of -190 to -30 HU (37). Abdominal visceral AT 

area was measured by drawing a line within the muscle wall surrounding the abdominal 

cavity. The abdominal subcutaneous AT area was calculated by subtracting the visceral AT 

area fiom the total abdominal AT area. 

Adipocyte isola!ion and üpolysis 

AAer an overnight fast, participants were subjected to biopsies of subcutaneous fat, one 

performed in the periumbilical region (abdominal site) and the other at the midthigh ievel 

(femoral site). A small cutaneous incision (1 cm) was perfonned in both sites and about 400- 

500 mg of subcutaneous adipose tissue were surgically removed from the two fat depots. 

Samples of approximately 100 mg of adipose tissue from each region were immediately 

fiozen in iiquid nitrogen and stored at -80°C for Iater measunment of the hormone-sensitive 

lipase (HSL) activity as weii as of the a2- and &&noceptor density. 



Samples of 250 mg of adipose tissue fiom each site were used for the measurement of fat ce11 

lipolysis. Adipocytes were isolated according to the method of Rodbell(38) in a Krebs-Ringer 

bicarbonate buffer (pH 7.4) (KRB) containing 4% bovine serum albumui and 5 mM glucose 

(KRBA), plus 1 m g h l  collagenase, as previously descnbed (17). Digestion took place in a 

shaking water bath under an air gas phase of 95% O2 and 5% COz, for 40 min at 3PC. The 

suspension was then filtered and the cellular fütrate obtained was rinsed 3 times with 5 ml of 

KRBA. Isolated adipocytes were %lly re-suspended in KRBA, in order to obtain a final 

concentration of approximately 500 cells per 50 pi. 

Extacellular glycerol release was used as the indicator of adipocyte lipolysis. 50 11 aiiquots of 

the continuously stimd ce11 suspension werc placed in 1.5 ml conical tubes. Two of these 

tubes were used for ce11 counting and sizing; two others containing 10 pl KRB were 

hedia te ly  placed on ice and provided an evaluation of the initial concentration of glycerol 

in the medium. Agents for lipolysis stimulation or inhibition were added just before starting 

the incubation in 10-pl portions in order to obtain the desired fuial concentration. AAer a 2h 

incubation ai 37°C in a shaking water bath, under 95 % O2 and 5 % CO2 gas phase, 50 pl HCl 

(IN) were added to all tubes to stop the reaction, then 50 pl NaOH (IN) were added to 

neutralize the medium. Al1 tubes were stoppered and stored at -20" C until glycerol 

detemination and NADH concentration was measurcd by bioluminescence with a luciferase 

solution, using an automated 2250 Dynatech luminometer (17,39). For each concentration of 

stimulator or inhibitor, the amount of glycerol was taken as the average of the quantities 

obtained Grom the two incubated tubes. Glycerol measurement by bioluminescence is very 

sensitive and especialiy well adapted when only small arnounts of adipose tissue are available 

(17,39). Briefly, a 50 pl-aliquot of adipose ce11 suspension was taken and dropped into 25 pl of 

saline (NaCl 0.9%) containing 0.4% of trypan blue. A 14 PL-aliquot of this fuial suspension 

was taken and the average fat cell diameter was assessed using a Leia microscope cquipped 

with a graduated ocular, at a magiiification of 100 X (Rockleigh, NJ, USA). Adipocyte size 

was measured with a prccision of 1 pm and fat celi diameters were individdly cornputet 



recorded in 5-pm classes from O to 260 p. Mean adipose ce11 diameter was assessed fiom the 

measurement of at least 500 cells per site and pet subject. Because of the spherical shape and 

high lipid content of the adipocytes (95%). both the adipose ce11 volume and surface area cm 

be calculated fiom the mean adipocyte diameter and the density of ûiolein (0.9 15 glml) was 

used to transform adipose ce11 volume into fat ce11 weight, as previously described 

(17,19,39,4O). 

The lipoiytic activity of the isolated fat cells was tested with epinephrine which is a mked 

agonist (a24) with a higher affinity for a 2- than for -adrenoceptor (AR) sites (17). UK- 

14304 (selective a2-AR agonist), isoproterenol (non selective -AR agonist) (1 7), procaterol 

(p 2-AR agonist) and dobutamine (f3 1-AR agonist) (19,41). Ascorbic acid (0.1 mmoV1) was 

included in the incubation medium in order to pnvent catecholamine degradation. Some 

expcriments were conducted with forskolin (direct activatot of adenylate cyclase). dibutyryl- 

cyclicAMP (stimulator of the protein kinase hormone-sensitive lipase complex and 

phosphodiesterase-resistant cyclic AMP analogue), theophylline (mainly inhibitor of 

cyclicGMP-inhibited phosphodiesterase, cGI-PDE) (39), and cilostamide (selective inhibitor 

of cGI-PDE) (42). When antilipolytic effects were investigated, the incubation buffer was 

supplemented with 5 )ig/ml adenosine deaminase (ADA) to remove adenosine released into the 

incubation medium by the isolated fat cells, this procedure allowing better investigations of 

a2-AR mediated antilipolytic effects (1 6,17,39). Lipolysis was expressed either per ce11 

nurnber (ie, in m o l  of glycero~106 ceils x 2 h) or pet unit of ce11 surface area (ie, in m o l  of 

glycero~pm2 x 108 x 2 h) Ui order to compensatc for regional and gender variations in fat ce11 

size (17,39) as well as for the putative differences due to weight reduction. In cases where 

complete concentration-responsc curves were obtained. they were compared for both 

responsiveness and sensitivity. The responsivcness was expressed as the difference between 

basal glyceml release and the üpolytic rate at maximum effective concentration of the agents 

tested (10" M various 8-adnnoceptor agonists, forskolin or cilostamide, 10" M dibutyryl- 

cyclicAMP or theophylline). Maxi*rnal inhibition of lipolysis notcd either at 10" M 

epinephriae, or at 1 0 ~  M UK-14304 was caicuiated as the foflowing ratio: (ADA - epinephrine 



or UK- 14304/ADA - basal) where ADA represents ADA-stimulated lipolysis. The $- 

adrenergic sensitivity was considered as the p-AR agonist concentration giving half-maximal 

stimulation of lipolysis (EC3,  whereas the a2-adrenergic sensitivity was calculated as the 

concentration of W-14304 which produced half-maximal inhibition of lipolysis (1C5& Both 

were evaluated by logarithmic conversion of each concentration-response curve. The higher 

the ECso (various f3-AR agonists) or the ICJo (UK-14304) value, the lower was the f3- or the 

a2-adrenergic sensitivity , respec tively . 

Homone-sensitive Upwe (HSL) rssays 

This assay was performed as previously described by Fredrikson et al. (43) with some 

modifications for the handling of small samples (44). Briefly, small pieces of adipose tissue 

(about 100 mg) were homogenized at 4OC in 0.8 ml of a buffer containing 0.25 M sucrose, 

1mM EDTA, ImM dithiothrritol and the protease inhibitors leupeptin and antipain, both ai 20 

p g h l  (pH 7.4). Samples were then centrifûged at 100000 g for 45 min at 4OC in a Beckman 

ultracentrifuge, and the fat cake removed. Pellets containing crude adipose tissue membranes 

obtained after centrifugation were used for radioligand binding studies. The fat-free 

i n h a t a n t  was recovered for analysis of maximal enzymatic activity, using l(3)-mono- 

[j H'l oleoyl-2-oleylglycerol as substrate (43,44). AU samples were incubated in duplicate for 3 0 

min at 37OC and were analyzed on the same occasion. Since this substrate has only one 

hydrolysable ester bond at the I(3)-position, neither the substrate itself nor its hydrolysis 

products can be hydrolyzed by monoacyl-glycerol lipase which is abundant in adipose tissue. 

Furthennon, under our incubation conditions (pH 7.0 and no apo CI1 pnsent), lipoprotein 

lipase activity is negligible (12.43). As the phosphorylated and dephosphorylated fonns of the 

enzyme have similar activities towards the substrate, the total amount of activable enzyme in 

the sample is measund. Moreover, the sensitivity of the assay is enhanced by the use of a 

diacylglycerol analogue as substrate, since HSL has a IO-fold higher activity towards 

diacylglycaol than triacylglycerol(12,43). One unit of enzyme activity is defined as 1 m o l  

of fatty acid nleaseâ pcr minute at 37'C. Lipase activity was related to both fat ce11 number 

and adipocytt d a a  area which were estimatcd nom in vitro lipolysis assays. 



Radioligand binding studies 

a2- as well as f3-ARS were quantified with radioligands selective for each adrenergic receptor 

subtype, ie, [ 3 ~ ] - ~ ~  821002 (a more selective a2-AR antagonist than ['HJ-~ohimbine 

cunently used) and [12s~]-~yanopindolol (CYP), a non-selective P-AR antagonist (19,411. 

Previous experiments have shown that radioligand binding assays were unafTected by the 

composition of the buffer (0.25 M sucrose, 1mM EDTA, ImM dithiothreitol) used for adipose 

tissue membrane preparations (Mauiege P, unpublished observations). Briefly, membranes 

were incubated either with 5 nM of [ 3 H ' + ~ ~  82 1002 or with 300 pM of [ l s ~ ] - ~ ~ ~  for a2- or 

the B-AR tracer experiments, respectively. As both radioligands bind to a single class of 

homogenou nonintuacting binding sites that give straight lines on Scatchard analysis leading 

to Hill coefficients close to 1, the use of only one ligand concentration to determine maximal 

antagonist binding is thenfore justified under such conditions (l6,18,19,4 1). In addition, the 

latter concentrations cornsponding to almost twice the affinity of each radioligand label the 

totality of both ARs (19). Thawed crude adipose tissue membranes were homogenized M e r  

with four pestle stmkes in a Potter apparatus and washed once in 50 m M  Tris-HCI, 1 m M  

MgC12, pH 7.5 (Tris-Mg buffer). The pellet was then adjusted to a final concentration of 

approximately 0.5 mg protein/ml. The protein content was determined according to the 

method of Lowry et al. (49, using bovine serum albumin as standard. 

Total binding was detemined by incubating 50 pl-aliquots of the resuspended membrane 

adipose tissue preparation with a fixed concentration of [ l U ~ ] - ~ ~ ~  (300 PM) in a total volume 

of 200 jd Tris-Mg bufEer. Under these conditions, it is believed that  LU^]-^^^ binds mainly to 

the high Wty binding sites which correspond to Bl-/B2-ARs rather than to the low affity 

binding sites which cm be ascribed to 83-ARs (10). Specific binding was defmed as the 

difference between total binding and binding in the presence of 10 pM unlabeled (-) 

propranolol (non selective 8-adrenergic antagonist). A similar radioligand binding technique 

was used to identify a2-ARP with a fked concentration of [3~]-RX 821002 (5 nM) in a total 

volume of 200 pi Tris-Mg buffer. Specinc binding was defined as the difEerence between total 



and non-specific binding determined in the presence of 10 pM unlabeled (-) phentolamine 

(non selective a-adrenergic antagonist). Incubations were canied out in a water bath for 25-30 

min at 37OC, under constant shaking at around 120 cycledmin and the reaction was stopped by 

the addition of 4 ml of ice-cold binding bufYer followed by rapid filtration, using a Ce11 

Harvester Micromate C-96 (Packard, Canada). The tubes and filten were then washed twice 

with 10 ml-portions of ice-cold binding bufTer. For [l2?]-c~I? binding, the radioactivity 

retained on the filters was directly counted in a Clini Gamma counter (at an efficiency of 

85%), whereas for RX binding, filters were placed in rninivials containing 2 mi of liquid 

scintillation cocktail and counted in a LKB scintillation counter (at an efficiency of 35%). 

Both radioligands, ['Hl-RX and [lU1]-~YP, displayed saturable specific binding to crude fat 

ceil membranes prepared fiom the different tissues, and non-specific binding did not exceed 

20.30% of total binding (19). The maximum number of a2- and p-AR binding sites was 

expressed pet cell number or corrected for variation in adipocyte surface area which were both 

estimated from in vitro üpolysis assays. 

Drugs and chernicals 

Collagenase, bovine serum albumin, adenosine deaminase, and enzymes for glycerol assays 

were obtained fiom Boehringer (Mannheim, Canada). Ascorbic acid, leupeptin, antipain, ( 0 )  

isoproterenol bitartrate, (-) epinephrine bitartrate, (-) propranolol hydrochloride, theophylline, 

forskolin and dibutyry kyclic AMP were purchased fiom Sigma Chemical Co (St Louis, MO). 

UK 14304 (5-bromo-6-(2-imidazolin-2-ylamino)quinoxa1ine) was generously provided from 

Dr D.A. Faulkner (Pfizer, Sandwich, England) whereas phentolamine mesylate came h m  

Ciba Geigy (Canada). Procaterol (OPC-2009) (5-(1-hydroxy-2-isopropy1arninobutyl)-8- 

hydroxycarbostyril hydtochl~ride hemihydrate) and cilostamide were generous gifts from 

Otsuka Phamiaceuticals (Tokushima, Japan), whereas dobutamine (Dobutrex) came from Eli 

Lilly (Indianapolis, IN). ( - ) [ 3 ~  -RX82 1 002 (RX) (l,4-[6,7(n)-%J beazodioxan-2-methoxy-2- 

y1)-2-imiâazoline hydrochloride) (specific activity, 53 Ci/mmol) and (-)[lU~-~yanopindolol 

(CYP) (specific activity, 2200 Cümmol) w e n  obtained fiom Amersham International 

(Canada) md Mandel Scientific (Canaâa), respcctively. 1(3)aiono-[3~oleoyl-2-oleylglycemI 

was geaaously provided by Sevicon AB (Lund, Sweden). Ail other chemicais and organic 



solvents were of the highest purity grade comrnercially available. The same batches of 

hormones, phannacological agents, collagenase and albumin were used in al1 experiments. 

S tatistieal analysb 

Values presented in figures are means t standard error (SE). Lipolysis and HSL experiments 

were performed on al1 subjects (ie, 14 men and 18 women). However, as radioligand binding 

assays required large amounts of adipose tissue, these assays could only be performed on 12 

men and 16 women. A two-way analysis of variance was also perfomed to verify whether 

significant sex and site differeaces for lipolysis, HSL activity or a2-vs fl-aârenoceptor density 

existed before and &er weigbt loss and p s t  hoc cornparisons were tested with a paired t-test. 

Mi statistical analyses were performed using the Jump Program (SAS Institute Inc., Cary, NC) 

adapted for Macintosh cornputers. 



Results 

Subjects 'ckaractecistics 

Subjects'physical characteristics are presented in Table 1. Visceral abdominal fat 

accumulation, estimated by CT, was more pronounced in men, whereas higher levels of 

subcutaneous abdominal adipose tissue were observed in women (P values ranging fiom 0.00 1 

to 0.05). Women also showed a greater femoral adipose depot and larger femoral adipocytes 

than men (P values ranging h m  0.0001 to 0.00 l), although no sex difference was found for 

subcutaneous abdominal fat ce11 weight. Both men and women achieved a moderate weight 

loss (9-10 kg) in response to the 15 week-weight reducing program (P < 0.0001). However, al1 

subjects were weight stable when re-examined 4-6 weeks after the end of the treatment. 

Changes in selected body fatness indices were signifïcantly more pronounced in men than in 

women (P values ranging fiom 0.001 to 0.05). In both genden, subcutaneous and visceral 

abdominal adipose tissue areas as well as the cross-sectional area of femoral fat detemillied by 

CT were reduced to a similet extent in response to weight loss (P values ranging fiom 0.0001 

to 0.00 1). Fat ce11 weight also decreased by about 15-20 %, regardless of the depot and the sex 

(P values ranging from 0.01 to 0.05). 

Adipocyte function 

Basal lipolytic rate and ADA-stimulated lipolysis 

Basal lipolysis measured in subcutaneous abdominal or femoral adipocytes did not differ 

among genders, in response to weight reduction, whatever the mode of expression of data 

(Table 2). On the other hand, when the incubation buf5er was supplemented with adenosine 

deaminase (ADA) at 5 @ni, the basai lipoiytic rate was increased by about 1.5 to 2.5-times 

in al1 ceU types. Neither sex nor site ciifferences were observed in the glycerol release achieved 

in the presence of this enyme, results king expcessed pet ce11 number or per unit of ce11 

surface ana (Table 2). Indeeâ, the difference noted in basal and ADA-stimulated lipolysis 

(when corncted for the adipocyte d a c e  m a )  of d e  subcutaneous abdoniinal fat cells, after 

weight loss, was below the level of statisticd signincance (P = 0.065). 



In order to control for the variation in fat ce11 weight observed during the weight-reducing 

program, d l  lipolysis measurements were M e r  expressed per unit of ce11 surface area which 

may be physiologically more relevant, as previously suggested (5,19,2 1,30,46). Such a mode 

of expression of the data allows an adequate cornparison of lipolysis in large vs srnaIl 

adipocytes, as differences in adipose ce11 size were found in both genders, in response to 

weight loss (Table 1). 

Epinepbthe responsiveness 

In the presence of ADA, epinephrine (EPI) which is known for its mixed (a2/fl- adrenergic) 

agonist properties on lipolysis, initiated a biphasic responsiveness in subcutaneous abdominal 

and femoral adipocytes (Fig 1). The catecholamine promoted an inhibition of lipolysis at low 

concentrations (hm 109 to 10.' M), but exerted a net lipolytic response at higher doses (1 04- 

10" M), indicating thus a preferential recniitrnent of aî-, followed by P-adrenoceptor sites. 

Significant differences were observed after weight reduction in epinephrine-induced 

antilipolysis at 10" M (concentration at which the al-adrenoceptor component is 

predomuiant) in subcutaneous abdominal adipose ceils of men (P < 0.01) and women (P < 

0.05). However, maximal antilipolysis promoted by the hormone at 1 O-' M, did not show any 

site or sex difference, subjects being examined at both occasions. On the other hand, the 

maximal adipose ce11 lipolytic response to the catecholamine (at IO-' M) did not differ in 

response to weight reduction, although subcutaneous abdominal adipocytes appeared to be 

more responsive to hormonal stimulation than femoral adipose cells, regardless of the gender 

or of the treatment-period (P values ranging fiom 0.0 1 to 0.05). 

uisert Tables 1.2 and Figure 1. 

Selective a% and ~adreacrgic effecb 

As epinephrine responsiveness results h m  both a2- and &adrenoceptor stimulation, selective 

adrenergic agonists were useà to discriminate ktween these MO antagonistic effects. 



To study the influence of the al-adrenoceptor component, the effect of the selective a2- 

agonist UK-14304 was tested on ADA-sthulated lipolysis (Fig 2). UK-14304 inhibited 

lipolysis in a dose-dependent rnan.net in al1 adipocytes, and the maximal mtilipolytic response 

noted at 10' M did not strikingly dif5er among genders and adipose sites. However, at lu8 M, 

UK-14304 promoted a less potent antilipolysis in subcutaneous abdominal adipocytes of men 

and in adipose cells of women, dter weight reduction (P values ranging fiom 0.01 to 0.05). In 

addition, the a2-adrenergic sensitivity estimated as the half-maximal antilipolysis induced by 

UK-14304 was almost 2 times lower in subcutaneous abdominal adipocytes of men aftet 

weight loss compared to baseline (P < 0.05) (Table 3). The concentration-response curves 

slightly shifted to the right for UK-14304 after weight reduction, which reveded a 1.8 to 2 

times decrease in adipose ceii a2-adrenergic sensitivity in women, irrespective of the anatomic 

site investigated (P < 0.05) (Table 3). 

In order to characterize the B-adrenoceptor component, the effect of the p-agonist 

isoproterenol on basal lipolysis was examined (Fig 3). Maximal lipolytic responses to 

isoproterenol at 10" M, when expressed as absolute rates, were similar regardless of the 

anatomical location of fat or of the gender (Fig 3). Isoproterenol-stimulated maximal lipolysis, 

when expressed on a relative basis (ie, afkr subtraction of basal lipolytic rate) also did not 

differ in response to weight loss, whatever the adipose site or the gender considered [values 

clustering 9 to 1 1 f 2 vs 10 to 12 k 3 nmol glycerol/(pm2 x 10' x 2 h), before vs after weight 

loss]. However, the shift to the left of the concentration-response curves in al1 adipose cells 

d e r  weight reduction attested for a 3 to 5 t h e s  increased badrenergic sensitivity in both 

genders (P values ranging fiom 0.005 to 0.05). The concentration of B-agonist required for 

h ~ m a x i m a l  lipolysis was also higher in subcutaneous abdominal than in femoral adipocytes 

of men (P < 0.05) and women (P values mging h m  0.005 to 0.01), before and after weight 

loss cable  3). 



Selective badrenergic receptor subtype effects 

As site differences in the catecholamine response profile appeared to be partly explained by 

the p-adrenoceptor function, additional experiments were conducted using procaterol (82- 

agonist) and dobutamine ($1-agonist) (Figs 4 and 5, respectively). Concentration-response 

curves for these agonists were examined to evaluate the relative importance of each 

adrenoceptor subtype for explainhg the changes observed in iso proterenol sensitivity . In men, 

the concentration-response curves for procaterol shiîted to the let? in adipocytes from both 

regions, attested for a 2 to 3.5 times increased p2-adrenoceptor sensitivity after weight loss (P 

values ranging fiom 0.01 to 0.05) (Table 3). However, the fact that the curves for dobutamine 

were practically superimposed, suggested an unchanged 81-adrenoceptor sensitivity (Table 3). 

In contrast, the shift to the left of concentration-nsponse cuves for both agonists in response 

to weight reduction indicated an increase in the adipose ce11 sensitivity to the 81- and 82- 

adrenergic agonis& used (1.8 to 1.9 and 3 to 3.5 times, respectively; P values ranging from 

0.001 tu 0.05), in women (Table 3). The PZ-adrenergic sensitivity was also higher in 

subcutaneous abdominal than in femoral adipocytes (P values canging fiom 0.01 to 0.05). fiom 

both genders, before and after weight loss. However, sensitivity of subcutaneous abdominal 

adipocytes to dobutamine was greater in men than in women, irrespective of the treatment- 

period (P < 0.05) (Table 3). Despite the lack of site or sex dflerence in the maximal lipolytic 

response to the selective P-agonist tested (Figs 4 and 9, neither procaterol nor dobutamine 

was as potent as isoproterenol in stimulating lipolysis, before and afler weight loss. Indeed, 

both agents (used at 10'' M) only induced a partial activation of lipolysis (values clustering at 

65 to 80 % of the maximal effect promoted by the non selective bagonist). When expressed 

on a relative basis, responsiveness to either the B 1- or PZ-agonist was dso  not significantly 

different, irrespective of the gender or of the adipose depot [values clustering 5 to 7 t 2 vs 6 to 

7 f 2 m l  glyceml/(& x 10' x 2 h), before vs afker weight Loss]. On the other hand, similar 

results were obtained for epinephrine-, UK14304-, isoproterenol-, procaterol- and dobutamine- 

stimulated lipolysis when expmxd on a per ce11 basis (not show). 

hert Figures 2,3,4 and 5. 



Radioligand binding assays 

To ver@ whether differences observed in catecholamine-induced lipolysis could be explained 

at the receptor level, 8- and a2-adrenoceptor sites were ais0 studied in adipose tissue 

membranes, in response to the weight-reducing program. Since it was not possible to perfonn 

complete saturation experiments because of the limitations in the amount of tissue available, 

only one maximal concentration of each radioligand (5 nM of [ 3 ~ ] - ~ ~  821002 or 300 pM of 

[ ' U ~ ] - ~ ~ ~ )  was used to evaluate the number of a2- or B-adrenergic binding sites on crude 

adipose tissue membranes (Table 4). As both subcutaneous abdominal and fernord adipocytes 

were larger before than after weight loss (Table l), binding results were conected for variation 

in adipose ce11 size. At 300 PM, [ ' U ~ ] - ~ ~ ~  binding was 1.7 to 2 times higher in adipose tissue 

membranes of both genders (P values ranging from 0.01 to 0.05). whenas at 5 nM. [ 3 ~ - ~  

binding did not change significantly in response to weight reduction. However, the & 

adrewceptor density was higher in subcutaneous abdominal than in femoral adipose tissue 

membrane preparations of both gendea (P values ranging from 0.001 to 0.05). A greater 

aumber of a2-adrenocepton was also observed in femoral than in subcutaneous abdominal 

adipose tissue membranes of women, before and after weight loss (P < 0.01). The study of 

potential gender differences revealed a greater estimated number of a2-adrenergic recepton in 

femoral adipose tissue membranes of women, compared to men, irrespective of the treatment 

period (P < 0.05). Similar results were obtained when binding data were expressed per ce11 

number (not shown). Since the evaiuation of the functiond balance between a2- and p- 

adrenocepton appears physiologically relevant (17,40), the ratio of [ 3 H l - ~ ~  to [ ' 2 s ~ ] - ~ ~ ~  

binding sites was also calculated for each adipose tissue membrane and averaged for the 

different sites and by gender. The mean ratio of a2- to 8-adrenoceptors was always higher in 

fernocal than in subcutaneous abdominal adipose tissue membranes, befon and after weight 

reduction (P values ranging h m  0.005 to 0.05) (Table 4). 

Wpolytic mponsa to pst-receptor agents and hormonciensitive üpme msays 

As any step in the lipolytic cascade could be responsible for the site âiffeiences obsuved in 

catecholamine cesponsiveness, the effects of agents acting at well defined pst-adtcnoceptor 



sites were also investigated (Fig 6). There was no regional variation, nor any gender difference 

when lipolysis was stimulated at maximum concentrations of dibutyryl-cyclic AMP (10" M), 

forskolin (10" M), theophylline (10" M) or cilostamide (1û3 M), at baseline. In addition, the 

rates of glycerol release reached in the presence of these compounds were similar before and 

after weight reduction, when expressed either on m absolute (not shown) or on a relative basis 

(Fig 6). Finally, hormone-sensitive lipase activity was not affected by weight reduction in 

men, although it was significantly increased in respoase to weight loss in femoral adipocytes 

of women (P < 0.005). The lipase activity was also higher in femoral than in subcutaneous 

abdominal adipose cells of women, after weight loss (P < 0.01) (Table 4). Similar results wen 

obtained when enzyme activity was expressed either per ce11 number or on the basis of 

adipocyte triglyceride content (not shown). 

Insert Tables 3,4 and Figure 6. 



Discussion 

Until recently, few studies had attempted to elucidate the mechanisms responsible for the 

regional and gender variation observed in adipose tissue lipolysis of obese individuals 

subjected to diet-induced weight loss (23,24). Indeed, most experiments published so far have 

dealt exclusively with obese women and did not consider site differences as subcutaneous 

abdominal adipose tissue was the only depot investigated (25-31). On the other hand, 

controversial findings resulting fiom in vino experiments have pointed out either an 

unchanged (24,29) or even reduced (28) catecholamine-induced lipolysis as well as an 

enhanced (25-27,29,3 1 ) or a decreased (3 0) basal lipolytic rate in subcutaneous abdominal fat 

cells of reduced-obese individuals. Therefore, to the best of our knowledge, the present study 

is the h t  to examine the cellular mechanisms uaderlying regional variation in adipose ce11 

lipolysis of both overweight men and premenopausal women who underwent dietary treatment 

for obesity. 

The fact thai adipose ce11 weight did not differ according to the anatomic location of fat was 

probably due to our subject's high level of total body fat which is commonly associated with 

hypertrophy of adipose cells. This finding is concordant with previous observations from our 

group and other investigaton (1 5,17,18,39). Although femoral adipose cells were larger in 

women than in men (14.1 5,18), tbis gender variation was no longer significant after weight 

loss, as adipose ce11 size reduction was of the same order of magnitude in both genders (Table 

1). 

The similar basal lipolytic rate, ngardless of the adipose depot or the gender, is in agreement 

with the unchanged ADA-induced lipolysis observed in response to weight loss. This is in 

clear conûast to fîndings resulting fiom short- or long-tenn VLCD studies (25,27,30,3 1,46). 

Assuming that an increased basal lipolysis may represent a physiological adaptation to 

negative energy balance, the discrepancy observed between our results and earlier data was 

probably due to the fact that our subjects were examined 4-6 weeks d e r  the end of the 

treatment when they were weight stable. Moreover, differences in basal lipolysis among 

various fat depots or attcr weight reduction have ahady k e n  suggested to k partiy due to 



variations in HSL activity (12,13). In this regard, conflicting results have reported either a 

decreased (30), an increaxd (31) or a similar enzyme activity ((29); the present study) in 

subcutaneous abdominal adipocytes of obese women subjected to weight reduction, despite a 

marked reduction in adipose ce11 size ((29-3 1); the present study). Once again, the fact that 

subjects were examined several weeks afler the completion of the hypocaloric diet program, 

could explain, at least to a certain extent, the unchanged basal lipolysis and lipase activity that 

we observed in response to weight loss. In addition, the unchanged adipose ce11 lipolytic 

capacity ciearly indicated an d t e r e d  hormone responsiveness. ladeed, the similar maximal 

lipolytic rates promoted by Pagonists or by agents acting selectively at the adenylate cyclase, 

the lipase-protein kinase A cornplex or the phosphodiesterase level, is concordant with 

unaltered post-adrenoceptor pathways after weight reduction, as previously reported 

(28,29,47). The lack of pst-nceptor changes is M e r  strengthened by the similar maximal 

lipase activity, with the exception of the increased enzyme activity found in femoral 

adipocytes of women after weight loss. As the present assay used for the measurernent of 

lipase activity does not differentiate between the phosphorylated active and the 

dephosphorylated inactive foms of the enyme (13,44), the discrepancy observed between 

lipolysis and enzyme data in femoral adipocytes of women could be explained either by an 

increased phosphorylation capacity of HSL (via the CAMP-dependent protein kinase A) or by 

the regulation of cellular components involved in the translocation of the lipase to the lipid 

droplet (48,49). The similar lipolytic rates promoted by a PDE-resistant (dibutyryl-cAMP) and 

a PDE-sensitive (theophylline) CAMP-analogue, indicated an unchanged phosphodiesterase 

activity after weight reduction, in contrast to its marked increase during short-term fasting 

(50) 

Markcd effects of body weight reduction on the regulation of catecholamine-induced lipolysis 

were O bse rved in the present study . However, the greater li pid mobilization in su bcutaneous 

abdominal than in femoral fat depots of both genders re-emphasizes the notion that the typicd 

"fernale" fat storage depot is highly resistant to slimming (14-16,23-25,51). The greater 

sensitivity of subcutaneous abdominal than femoral adipose cells to catecholamine 

stimulation, which could k amibuted to the higher number of @adrenergic receptors in the 

former adipocytes, is consistent with previous observations in obese (15,17,39) and healthy 



normal-weight subjects (14,18,20). However, our results demonstrate a similar biphasic 

epinephrine response profile in al1 ce11 types that probably reflects the interaction of the 

hormone with both types of adrenoceptors. This fuiding supports the notion of the differential 

recruitrnent of a2- then Pbinding sites (1 6,17,39). The fuactional d-18-adrenoceptor balance 

seems to be of importance in explaining the different adipose ce11 lipolytic responses to 

catecholamines. As subcutaneous adipocytes possess a higher a2- than fbadrenoceptor 

density, the greater ratio of a2- to f3-sites could explain the predominant a2-adrenergic 

component of epinephrine responsiveness observed irrespective of the gender or of the fat 

depot. The strong a2-antilipolytic effect noted at the lowest concentrations of epinephrine 

could not entirely be compensated by the fbadrenergic activity of the hormone, although both 

enhanced fbadrenoceptor sensitivity and density were observed in men and women, after 

weight reduction. 

Our results clearly indicate that the cellular mechanisms responsible for the increased ability 

of obese individuals to mobilize lipids during dietary energy restriction are mainly localized at 

the & (and more particularly 824 and a2-adrenoceptor levels in both adipose regions and 

genden. As only a few available a2- and 0-adrenoceptors need to be occupied to obtain a 

maximal effect in human fat cells (52), changes in sensitivity may reflect alterations in 

hormone action which are located at or near the receptor level whereas alterations in 

responsiveness are usually linked to changes in hormone action at M e r  intracellular steps in 

the pathway of the signal. However, whethet the higher fbadrenergic lipolytic sensitivity noted 

in response to weight loss may result nom an increased l/B2-adrenoceptor density andlor an 

impmved coupling efficiency of 8-adrenoceptors to the stimulatory GTP-sensitive Os proteins 

remains to be established. The increased Padrenergic sensitivity of adipose tissue that we 

have noted after weight loss is concordant with the enhanced B-adrenoceptor density 

determined by radioligand binding assays. This up-regdation of Padrenergic receptors has 

already k e n  attributed to a reduced basai activity of the sympathetic nervous system which i s  

fkquentiy o b ~ e ~ e d  after energy restriction (9). ïndeed, reduced-weight obese subjects have 



been shown to be characterized by a lower basal sympathetic activity and a higher lipolytic 

response to catecholamine Uifusion than obese or lean individuals (53). Although o u  fmdings 

are concordant with the increased PZ-adrenergic lipolytic sensitivity of subcutaneous 

abdominal adipocytes of obese women aAer weight loss (30), they contrast with other 

observations resulting from in vitro and in vivo studies which have shown an unchanged 

sensitivity to isoproterenol(29,3 1). The specific improvement of the pl-adrenergic lipolytic 

pathway of femaie adipose cells after weight loss may also appear at variance with previous 

studies which did not detect any change in this component following weight reduction (29-3 1). 

However, Barbe et ai. (54) have recently shown an increased pl-adrenergic lipolytic response 

of the subcutaneous abdominal fat depot, in obese women subjected to hypocaloric diet, using 

the in situ microdialysis technique. Further studies are clearly wananted to address rhis issue. 

On the other hand, the decreased adipose cell a2-adrenergic antilipolytic sensitivity observed 

in subcutaneous abdominal adipocytes of men and in adipose cells of women, after veight 

loss, could not be explained by a reduction in the a2-adrenoceptor density as the estimated 

number of a2-adrenoceptors was similar, irrespective of the treatment-penod (Table 4). It is 

thus possible that the lower a2-adrenergic sensitivity could be related to a decreased coupling 

efficiency of these receptors to inhibitory GTP-sensitive Gi proteins, as a minor role of G 

proteins as modulators of clonidine sensitivity has already been suggested (18). Although it 

would have been interesthg to measure the relative amounts of Gi and Gs proteins, this was 

beyond the scope of the present study since these methods nquired large amounts of adipose 

tissue which cannot be removed for obvious ethical reasons. 

In conclusion, a moderate weight loss resulting from 15 weeks of dietary energy restriction 

leads to an increased lipolytic catecholamine sensitivity, despite a preserved lipolytic 

hormonal capacity which is mainly reflected by both similar basal lipolysis and hormone- 

sensitive lipase activity. The nsulting higher efficiency in the regdation of subcutaneous 

adipocyte lipolysis after weight loss is partly mediated by increased p- and PZ-ahnergic 

(combined with a higher ~adnnoceptor density) and decreased a2-adrenergic sensitivities 

(without any change in the a5-adrcnoceptor numkr), in both men and women. These changes 



are more pronounced in the subcutaneous abdominal than in the femoral fat depot and suggest 

that a preferential fat mobilization from the major energy depot storage (ie, the subcutaneous 

abdominal adipose region) occurs duMg dietary caloric restriction, in both genders. 
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Legends to figures 

Figun 1. E ffect of epinephrine (EPI) on adenosine deaminase (AD A)-stimulated lipoly sis in 

isolated adipocytes from the subcutaneous abdominal (lefi) and femoral (nght) regions of men 

(n = 14; upper panels) and women (n = 18; lower panels) before (open symbols) and d e r  

(filled symbols) weight reduction. Values are means t SE of (n) experiments performed in 

duplicate. Glycerol release was expressed as the difference between stimulated (with 

epincphrine) and basal values determined in the presence of 5 pg/ml of adenosine deaminase 

(ADA). Negative values reflect inhibition of lipolysis. Significant effect of treatment at *P < 

0.01 and **P c 0.05. *b indicate regional variation at P < 0.05 and P < 0.0 1. 

Figure 2. UK14304-induced inhibition of ADA-sthuiated lipolysis in isolated adipocytes 

from the subcutaneous abdominal (left) and femoral (right) regions of men (n = 14; upper 

panels) and women (n = 18; lower panels) before (open symbols) and after (filled symbols) 

weight reduction. Values are means f SE of (n) experiments performed in duplicate. Fat cells 

were incubated in the presence of ADA (5  pglmi). Antilipolysis is given as the difference 

between values in the presence of UK and basai values (with ADA alone). Signiticant effect of 

treatment *P < 0.01 and **P < 0.05. Agonist concentrations required for half-maximal 

inhibition of lipolysis (ICsO) were determined fiom these concentration-responsp cwes. 

Figure 3. Isoproterenol (IS0)-induced lipolysis in isolated adipocytes from the subcutaneous 

abdominal (left) and femoral (right) ngions of men (n = 14; upper panels) and women (n = 18; 

lower panels) before (open symbols) and af?er (filled symbols) weight reduction. Fat cells 

were incubated without ADA (ie, in standard conditions) and values are means i SE of (n) 

experiments performed in duplicate. Significant effect of treatment at P < 0.005, *P < 0.01 and 

**P < 0.05. Agonist concentrations required for half-maximal stimulation of lipolysis (ECP) 

were determincd fiom these concentration-nsponse curves. 



Figure 4. Procaterol (PR0CAT)-induced lipolysis in isolated adipocytes from the 

subcutaneous abdominal (left) and femoral (right) regions of men (n = 12; upper panels) and 

women (ri = 14; lower panels) before (open symbols) and after (filled symbols) weight 

reduction. Fat cells were incubated without ADA (ie, in standard conditions) and values are 

means f SE of (n) experiments performed in duplicate. SiWcant effect of treatment at *P < 

0.01 and **P < 0.05. Agonist concentrations requhd for wmaximal stimulation of lipolysis 

(ECso) were determined fkom these concentration-response curves. 

Figure 5. Dobutamine (DOBUT)-induced lipolysis in isolated adipocytes from the 

subcutaneous abdominal (lefi) and femoral (right) regions of men (n = 10; upper panels) and 

women (n = 14; lower panels) before (open symbols) and after (filled symbols) weight 

reduction. Fat cells were incubated without ADA (ie, in standard conditions) and values are 

means f SE of (n) experiments pefiormed in duplicate. Signififant effect of treatment at *P < 

0.0 1 and "P < 0.05, in women, exclusively. Agonist concentrations required for half-maximal 

stimulation of lipolysis (ECso) were deterrnined fiom these concentration-response curves. 

Figure 6. Lipolytic responsiveness to pst-adrenoceptor agents of isolated adipocytes from the 

abdominal (lefi) and femoral (nght) regions in men (upper panels) (n values ranging nom 8 to 

14, depending on the agent used) and women (lower panels) (a values ranging nom 9 to 18, 

depending on the agent used) before (open columns) and after (filled columns) weight 

reduction. Fat cells were incubated without ADA, in the presence of either dibutyryl- 

cyclicAMP (DcAMP) (1 M), fonkolin (FK) (105 M), theophylline (THEO) (10" M) or 

cilostamide (CILO) (10" M). Previous experiments revealed that the concentrations of the 

different ârugs used were maximally effective doses. Values are means f SE of (n) 

experiments perfonned in duplicate and basal glycerol release bas already k e n  subtracted. 



Table 1. Physical characteristics of men and women before and after weight loss. 

Men (n = 14) Women (n = 18) 
Before After Before After 

Weight (kg) 104f 11 c 94f 10* 92f 14 83 f 14 * 

Body fat (%) 3 8 f 4 a  32 k 5 +, b 49 f 5 4 7 & 7 *  

Fat mass (kg) 4 0 f  6 3 0 f  5  *,c 4 5 2  10 4 0 f  Il *+ 
Fat-fice mass (kg) 642 7a  64f 8 b  47i6 44f 5 

Waist girth (cm) 110f 8 101 f 6 * ,d  99f 1 1  9 3 f  I I  * 
Adipose tissue areas measured by CT (cm2) 

Abdomen (L4-LS) 

Subcutaneous 404 f 71 d 328 f 70 559 k 144 498 f 152 ** 

Regionai fat ce11 weight (ug lipidlcell) 

Abdominal 0.64 f 0.12 0.54 f 0.14 & 0.71 f 0.15 0.61 f 0.13& 

Values are means i standard deviation (SD). 

%MI = body mass index; CT = computed tomography. 

Significant dserence before and after weight loss at 'P < 0.000 1, "P < 0.00 1, "'P < 0.0 1 ,  'P 

< 0.05. Significant gender variation at 'P < 0.000 1, b~ < 0.00 1, 'P < 0.0 1, *P < 0.05. 



Table 2. Basal lipolytic rate and adenosine deaminase (AIDA)-stimuiated lipolysis in 
subcutaneous abdominal and femoral adipocytes of men and women, before and after 
weight loss. 

Abdominal Femod 
Before Mer Before Mer 

Men (n = 14) 

Basal (/ceil) 

Basal (/surface ma) 

ADA (/surface area) 

Women (n = 18) 

Basai (/ceil) 1.0 f 0.2 

ADA (/ceil) 1.9 f 0.3 

Basal (/surface area) 2.0 f 0.4 

ADA (/surface m a )  4.9 f 1 .O 

Values are means f SE of (n) separate experiments performed in duplicate. 

'P = 0.065. Lipolysis is expressed per cell number ( p o l  glycero~1~6 cells x 2 h) or conected 

for variation in celî surface area (nrnol glycerol/pm2 x 10' x 2 h). 



Table 3. Sensitivity for a2- and ~adrenoceptor agonists estimated from in vitro lipoiysis 
studies on subcutaneous abdominal and femoral adipocytes of men and women, belon 
and after weight loss. 

Subcutaneous adipose ceil sensitivity 

Abdominal Femoral 
Before Aft er Before Afier 

Men 

ECa (isoproterenol) (14) 27 f 4 a 5f 1 **" 44 f 7 13 f 3 ** 
ECsQ (procateml) (1 2) 1 2 i : 3 ~  6 f  l a a  62 I 17 1815' 

ECH, (dobutamine) (10) 97130' 61f 1 3 ~  140k26 131 f 46 

ECSa (UK- 14304) (14) 2.2 f 0.4 4.3 i 1 .O ' 3.0 f: 0.9 4.9 k 1.1 

Women 

ECso (isoprotmnol) (1 8) 26 I 3 6 f 1 **' 56 1: 7 17f3* 

ECn (procaterol) (1 4) 2 6 ~ 7 ~  9i2****' 56t I l  16 f 3 *+* 
ECm (dobutamine) (12) 3 0 6 I 6 2  169i40a 218t46 114f  29' 

ECso (UK-14304) (1 8) 2.8f0.5 5.8f1.6& 3.3k0.7 6.1k1.6' 

Values are means i: SE of (n) separate experiments perfonned in duplicate. 

badrenergic sensitivity estimated by the concentration of either isoproterenol, procaterol or 

dobutamine required for half-maximal stimulation of lipolysis (ECSo) (nM) was calculated 

from each concentration-respoase cuve (1 oœ9 to 1oW5 M of the $-AR agonists tested). 

u2-adrenergic sensitivity estimated by the concentration of UK- 143 O4 required for half- 

maximal inhibition of lipolysis (!Cso) (nM) was calculated fiom each concentration-response 

c w e  ( 1 O-'* to 1 o4 MI. 
Significant âidierence before and &et weight loss at 'P c 0.000 1, "P < 0.005, "'P c 0.01, "P 

< 0.05. 

Significant regional variation at 'P < 0.05, b~ < 0.0 1, 'P < 0.00 1. 

Significant gender difference at ' P < 0.0 1, "P c 0.05. 



Table 4. a 2- vs fl-adrenoceptor density and hormone-sensitive lipase activity in 
subcutaneous abdominal and femoral adipose depots of men and women, before and 
after weight loss. 

Subcutaneous adipose tissue 

Abdominal Fernord 
Before Mer Before After 

Men 

HSL activity (14) 29I6 38f6 43 f 8 4725 

&-AR sites (12) 16k4 2315' 1 8 f 4  22k3  

f3-AR sites (1 2) 1.0 I O . l  a 2.1 f 0.2 0.6 i 0.1 1.2 k 0.2 * 
aZIP-AR ratio ( 12) 16f 3' 1 3 f 3 ~  30 '6 36 f 3 

Women 

HSL activity (18) 

a2-AR sites (1 6) 

8-AR sites (1 6) 

aî/S-AR ratio ( 16) 
--- - - - - - -- - 

AR: aârenoceptor; HSL: hormone-sensitive lipase. 

Values are means f SE of (n) sepanite experiments performed in duplicate. 

Both radioligand binding data and enzymatic activities were expressed per ce11 surface area 

(ie, in amoL/pm2 and p~/pm2 cells, respectively). 

Significant difference bcfore and after weight loss at P < 0.005, 'P < 0.01, "P < 0.05. 

Significant regional variation at 'P < 0.05, b~ 0.0 1, 'P 0.005. 

Gender ditference for &-AR sites at 'P < 0.05. 
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#&ABOLISME W 77SSU A OlPEUX C H U  L'HOMME JEUNE E t  

MOYENNEMENT ÂGÉ PRESENTANT UNE ADIPOSIT~ COMPARABLE 

L'article composant ce chapitre est intitul& 

"Adipose tissue metabolkm in young and middle-aged men after control for total body 

fatness" 

(sous-presse A Journal of Clinical Endocrinology and Metabolism) 



Résumé 

Cette étude consistait à comparer le métabolisme du tissu adipeux sous-cutané (SC) d'hommes 

jeunes (29 f 4 ans) et d'âge moyen (57 f 5 ans) présentant une adiposité identique. A cet 

égard, l'activité de la lipoprotéine lipase (LPL) des sites SC abdominal et fémoral ainsi que la 

réponse lipolytique d'adipocytes isol6s furent mesurées chez 16 paires d'hommes d'âge 

différent, mais c;iractérisés par une masse adipeuse et une accumulation de tissu adipeux SC 

abdominal comparables. Aucune différence quant à l'activitk de la LPL ne fut observée entre 

les deux groupes, et ce, independamment du site adipeux considéré. A de faibles 

concentrations (lQ9 A 10" M), l'adrénaline a entraînd un effet antilipolytique alors qu'a fortes 

concentrations (lu6 B 1QS M) un effet lipolytique de l'hormone fut observe, et ce, 

indépendamment du groupe et du dép8t adipeux étudié. De plus, l'action antilipolytiqw de 

I'agoniste a2-adrénergique, UK-14304, etait similaire au niveau des adipocytes SC abdominaux 

et fémoraux chez les deux groupes. Cependant, la lipolyse maximale induite par I'isoprénaline 

(agoniste B-addnergique) ou par des agents agissant par des mécanismes postrécepteurs 

comme I'AMPcyclique dibutyryld, la foakoline et la théophylline était inférieure au niveau 

des adipocytes des deux régions adipeuses dtudiees chez les hommes d'âge moyen en 

comparaison à celle des sujets jeunes. A noter qu'aucune différence au niveau de la sensibilite 

ou a2-adrénergique des adipocytes ne fut observde entre les deux groupes. Ces rdsultats 

suggèrent qu'une diminution de la capacité lipolytique des adipocytes survient avec l'âge et 

semble être expliquée par une altération siégeant au niveau postrécepteur. 
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Abstract 

The aim of this study was to compare the subcutaneous (subc) adipose tissue metabolism of 

young (29 f 4 years) vs middle-aged men (57 t 5 years), once the concomitant variation in 

total adiposity was taken into account. For this purpose, subc abdominal and femoral adipose 

tissue lipoprotein lipase (AT-LPL) activities as well as fat ce11 lipolytic responses were 

investigated in two groups of sixteen men differing in age but displaying similar adipose tissue 

mass (within 2 kg) and subc abdominal adipose tissue area measured by computed 

tomography (within 15 cm2). No difference was observed in AT-LPL activity of young vs 

middle-aged subjects, regardless of the adipose region considered. Epinephrine induced 

antilipolysis at low concentrations (10'~ to 10,' M) and a net lipolytic response at higher doses 

(Md to 10~' M), regardless of the subjects' age and the anatomic location of fat. In addition, 

the selective az-adrenergic agonist, W-14304, promoted a similar antilipolytic response in 

subc abdominai and femoral adipose cells from both groups. However, maximal lipolysis 

induced by isoproterenol (Padrenergic agonist) or by postadrenoceptor agents such as 

dibutyryl-cyclic AMP, forskolin and theophylline were lower in both adipose regions of 

middle-aged, as compared to young men. No difference in the P- or the az-adrenoceptor 

sensitivity of subc adipose cells was observed between groups. These results indicate that 

there is with age r selective decrease in the Lipolytic capacity to B-adrenergic agonist which 

appears to be due to postadrenoceptor impairments. As subjects in the two age-groups 

displayed similar body fatness, these alterations are independent from the age-expected 

increase in total adiposity. 

Keywords: adipose cells lipolysis, lipopmtein Lipase activity, regional fat distribution, age. 



Introduction 

Advancing age is associated with a number of changes in body composition such as a 

reduction in lean body mass and an increase in adiposity (1). We have recently reported that a 

12 year-follow-up in adult subjects was accompanied by a body fat gain. even if both a 

decrease in the relative fat intake and an increase in the participation in physical activity 

occurred (2). These results suggest that age-related effects play an important role in the 

regdation of fat baiance since they predominate the beneficial lifestyie changes that shouid 

have promoted fat loss. 

Human adipose tissue is heterogeneous in its metabolic activity and regional variation in 

storage andlor mobilizhg potencies of adipose cells has been suggested as contributhg to 

local daerences in adiposity (3-5). Storage of fat@ acids in the adipocyte is almost entirely 

dependent on the uptake of fatty acids released from the hydrolysis of circulating triglyceride- 

rich lipoproteins by lipoprotein lipase (LPL) (6). On the other hand, lipid mobilization in 

humans is stimulated by hormones such as catecholamines which act on cell-surface receptors 

and control CAMP production, and thus lipolytic activity through hormone sensitive lipase 

activation (HSL) (7,8). It is therefore possible that aiterations in these regulatory aspects of 

adipose tissue rnetabolism could contribute to the age-related effects on body composition. In 

this regard, previous studies have already shown that catecholamine-induced lipolysis was 

reduced in adipocytes of elderiy subjects (9,lO). More recently, Ltrmqvist et al. (1 1) have 

proposed that this impaired lipolytic response of fat cells to catecholamines with advancing 

age might be due to a defective activation of the hormone-sensitive lipase cornplex. This 

hypothesis was supported by the fact that al1 the Lipolytic agents used induced about 50% 

lower responses in elderly as compared to young subjects, even if both the ar and B- 

adrenoceptor number and affiriity remained unchanged with age. 

However, to the best of our knowledge, no study has attempted to identi@ primary alterations 

in subcutaneous adipose tissue metabolism with advancing age, once the concomitant 

variation in total adiposity is taken into account. Xndeed, previous experiments that have been 

conducted on young and elderly subjects (9-1 1) have compared the lipolytic activity of 



adipocytes fiom individuals whose body fat distribution was different. Therefore, the aim of 

the present study was to examine whether differences in subcutaneous abdominal and femoral 

AT-LPL activities and adipose ce11 lipolysis exist in 16 pairs of men who display sirnilar body 

fatness and subcutaneous fat accumulation but differed in age. 



Material and Methods 

Subiects 

Thirty-two healthy Caucasian men were recruited through the media and gave their written 

informed consent to participate in this study, which was approved by the Laval University 

Medical Ethics Cornmittee. Sixteen pairs of subjects who displayed similar levels of 

subcutaneous AT area (within 15 cm2) measured by computed tomography (CT) and adipose 

tissue mass (within 2 kg) but differed in age were compared for potential differences in 

subcutaneous AT-LPL activity and adipose ce11 lipolysis. All individuals underwent a medicd 

evaluation by a physician, which included a medicai history. Subjects with cardiovascular 

disease, diabetes mellitus, endocrine disorders, or those on medication which could have 

influenced triglyceride metabolism (p-blockers, aatihypertensive drugs, etc) were excluded 

fiom the study. Ail participants were sedentary (< 2 exercise sessions of 30 midweek), non- 

smoken and moderate alcohol consumers. None had recently been on a diet or involved in a 

weight-reducing program, and their body weight had been stable during the last six m o n h  

prior to the study. 

Total body fatness and regional fat distribution 

Body density was detennùied by the undenvater weighing technique and percent body fat was 

derived fiom body density (12). Pdmonary residuai volume was measured using the heliurn 

dilution method (13). Fat mass was calculated as total body weight minus fat fiee mass. Waist 

girth was measured according to the procedures recommended at the Airlie Conference (14). 

Computed tomography (CT) was perfomed on a Siemens Somatom DRH scanner (Erlangen, 

Germany), according to the methodology previously described by Sjostrtim et ai. (1 5). Briefly, 

subjects were examined in the supine position with both arms stretched above the head. CT 

scans were performed at the abdominal (between L4 and L5 vertebrae) level, using an 

abdominal scout radiograph to estabiish the position of the scan to the nearest millimeter. 

Total adipose tissue (AT) areas were calculated by deheating the abdomen with a graph pen 

and then computing the AT surfaces with an attenuation range of -190 to -30 Hounsfield uni& 

(HU) (16). Abdominal viscerd AT area was determined by h w i n g  a line within the muscle 



wall sucrounding the abdominal cavity. The abdominal subcutaneous AT area was calculated 

by subtmcting the visceral AT area from the total abdominal AT area. 

Adi~ocvte isolation and liplvsis 

After an overnight fast, participants underwent biopsies of subcutaneous fat, one performed in 

the periumbilical region (abdominal site) and the other at the anterior midthigh level (femoral 

site). A small cutaneous incision (1 cm) was performed in both sites following local anesthesia 

(1% Lidocaine, without epinephe) and about 350 mg of subcutaneous adipose tissue were 

surgically removed fiom the two fat depots. 

Samples of 250 mg of adipose tissue from each site were used for the measurement of fat ceil 

lipolysis. Adipocytes were isolated according to the method of Rodbell(17) in a Krebs-Ringer 

bicarbonate buffer (pH 7.4) (Km) containing 4% bovine serum albumin and 5 mM glucose 

(KRBA), plus 1 mg/ml collagenase, as previously described (18). Digestion took place in a 

shaking water bath undet aa air gas phase of 95% O2 and 5% COz, for 40 min at 3 7 ' ~ .  The 

suspension was then filtered and the cellular filtrate obtained was rinsed 3 times with 5 ml 

KRBA. Isolated adipocpes were f d l y  re-suspended in KRBA, in order to obtain a final 

concentration of approximately 500 cells per 50 pl. 

Extracellular glycerol release was used as the indicator of adipocyte lipolysis. 50 pl aliquots of 

the continuously stimd ce11 suspension were placed in 1.5 ml conical tubes. Two of these 

tubes were used for ce11 counting and sizing; two others containing 10 pl KRB were 

immediately placed on ice and provided evaluation of the initial concentration of glycerol in 

the medium. Agents for lipolysis sthulation or inhibition were added just before starting the 

incubation in 10 pl portions in order to obtain the desùed final concentration. After a 2h 

incubation at 37'~ in a shaking water bath, under 95% 4 and 5% CO2 gas phase, 50 pl HCI 

(IN) were added to al1 tubes to stop the reaction, then 50 pl NaOH (IN) were added to 

neutralUe the medium. Al1 tubes were stored at -20'~ until glycerol determination and NADH 

concentration was m e d  by bioluminescence with luciferase solution, using an automated 

2250 Dynatech luminometer (18,19). For each concentration of stimulator or inhibitor agents, 

the amount of glycerol was taken as the average of the quantities obtaiaed fiom the two 

iacubated tubes. Glyccrol measurement by bioluminescence is very sensitive and especially 



well adapted when only small amounts of adipose tissue are available (18,19). Adipose ce11 

diameters were determined using a Leitz microscope equipped with a graduated ocular 

(Rockleigh, NJ, USA). Mean fat ce11 diameter was assessed Eom the measurement of at least 

500 cells, and the density of triolein was used to transform adipose ce11 volume into fat ceil 

weight, as previously described (20). 

The lipolytic activity of isolated fat cells was tested with epinephrine which is a mixed agonist 

(az@) with a higher &nity for az- than for badrenoceptor (AR) sites (21), UK-14304 

(selective %-AR agonist) and isoproterenol (non selective p-AR agonist) (19). Ascorbic acid 

(0.1 mmoV1) was included in the medium in order to prevent catecholarnine degradation. 

Some experiments were conducted with fonkolin (direct activator of adenylate cyclase), 

dibutyryl adenosine 3', 5' cyclic monophosphate (dibutyryl c-AMY, stimulator of the protein 

kinase A hormone-sensitive lipase complex and phophodiesterase-resistant cyclic AMP 

analogue) and theophylhe (mainly inhibitor of cyclic GMP-inhibited phosphodiesterase, cGI- 

PDE) (19). When antilipolytic effects were investigated, the incubation bufTer was supplement 

with 5 pg/ml adenosine deaminase (ADA) to remove adenosine released into the incubation 

medium by the isolated fat cells, this procedure allowing better investigations of a2-AR 

mediated antilipolytic effects (18,19). Lipolysis was expressed either per ce11 number (ie, in 

m o l  of glyceroI/106 cells x 2h) or per unit of ce11 surface area (ie, in nmol of glycerol/pm2 x 

10' x 2h), the latter mode of expression being used to correct for variation in fat ce11 size 

which is a well-known moduiator of lipolysis (19). in case where complete dose-response 

c w e s  were obtained, they were compared for both responsiveness and sensitivity. The 

responsiveness was expressed as the difference between basal glycerol release and the 

lipolytic rate at maximum effective concentration of the agents tested (10" M isoproterenol or 

forskolin, 10" M dibutyryl CAMP or theophylline). The f3-adrenergic sensitivity was 

considend as the concentration of isoproterenol giving h&maximal stimulation of lipolysis 

@Cm), whereas the a2-adrenergic sensitivity was calculated as the dose of UK-14304 which 

produced half-maximal inhibition lipolysis (ICS0). Botb were evaluated by logarithmic 

conversion of each dose-respoast c w e .  The higher was the ECso (isoproterenol) or the ICm 

(UK-14304) value, the lower was the & or the a*-adrcnergic sensitivity, respectively. 



Adipose tissue li~o~rotein li~ase (AT-LPLI activitv 

Samples of approximately 100 mg of adipose tissue fiom each region were irnmediately 

fiozen in liquid nitrogen and stored at - 80 '~  for later measurernent of heparin-rdeasable LPL 

activity, according to Savard et al. (22). AT-LPL activity was expressed as micromoles of 
6 

fiee-fatty acids (FFA) released per hou per 10 cells. Since AT-LPL activity is associated 

with fat ce11 size (6,22), AT-LPL activity was also expressed per ce11 surface area (ie, 

nanomoles FFA per hour per micrometer squared times 10'). 

Dmns and chemicals 

Collagenase, bovine senun albumin, ADA and enzymes for glycerol assays were obtained 

fkom Boehringer Mannheim (Canada). Ascorbic acid, theophy lline, fors kolin, Dc AMP, (a)- 

isoproterenol bitartrate, (-)-epinephrine bitartrate and cold triolein were purchased fiom Sigma 

C hemical (S t-Louis, MO). "c-triolein was o btained fkom Dupont NEN (Canada). 5-Bromod- 

(2-imidazolin-2-y1amino)quinoxaline (UK-14304) was generously provided by Dr. D.A. 

Fauikner (Pfizer, Sandwich, UK). Al1 other chemicals and organic solvents were of the highest 

purity grade commercially available. The same batches of hormones, phmacological agents, 

collagenase and albumin were used in al1 experiments. 

Statistical analyses 

Two subgroups of 16 men display ing sirnilar levels of subcutaneous abdominal AT meanired 

by CT and adipose tissue mass but differing in age were compared. The Student's t-test was 

utilized for comparisons of anihropometric variables, basal and ADA-stimulated lipolysis as 

well as AT-LPL activity between young and middle-aged subjects. The effects of age (young 

vs middle-aged) and site (abdominal vs femoral) on adipose tissue Lipolytic curves were tested 

by a two-way analysis of variance for repeated measuns. Post hoc comparisons were handled 

with a Student's t-test Lipolysis measurements expressed per unit of ce11 surface area (ie, nmol 

glyceroV pd x 10' x 2h) were obtained by the following formula by assuming that an 



plvcerol release hmoY 1 o6 cells x 2hl x 1 O' (nmol) 

 DR]' (pm2) x 1 (pmol) x 10' 

; where "DM represents the mean diarneter (pm) of about 500 adipose cells and " l d "  is a factor 

used to simpliQ presentation of data. Al1 analyses were performed using the Jump version 

3.2.2 program (SAS Institute Inc., Cary, NC) adapted for Macintosh cornputea. 



Results 

Subjects' characteristics 

Subjects' physical characteristics are presented in Table 1. As expected, a significant 

difference was observed in the subjects' age (P < 0.0001). Regarding the various body fatness 

and fat distribution variables, cornparison between groups revealed that both young and 

middle-aged subjects displayed similar body weight, fat mas, waist girth and subcutaneous 

abdominal adipose tissue accumuiation rneasured by CT. However, middie-aged subjects had 

a lower fat fiee mass and a higher visceral adipose tissue accumulation (P values ranging Gtom 

0.01 to 0.05), as compared to young individuah. As shown in Figure 1, mean fat ce11 weights 

from both depots did not differ between groups, although subcutaneous abdominal adipocytes 

tended to be larger in middle-aged than in young subjects (P = 0.06). No regional variation in 

adipocyte size was found within both groups. in order to control for the trend observed in the 

variation of fat ce11 weight, al1 lipolysis measurements have been funher correcied for 

variation in ce11 suface area. However, it should be noted that similar results were obtained 

when expressed on a per cell basis (not shown). 

Insert Table 1 and Figure 1 

Adipocyte finction 

As show in F i g w  2, the basal lipolytic rate of both adipose regions was not affected by age. 

Moreover, no regional variation in basal lipolysis was observed within both groups. As 

expected, the addition of ADA (5 pg/ml) in the incubation medium increased the basal 

lipolytic rate by approximately 1 .S to 2.5 fold (Figure 2) with no m e r  increment at higher 

doses of this enzyme, in al1 ce11 types. ADA-stimulated lipolysis was similar in both adipose 

regions between yourig and middle-aged subjects. No regionai variation was observed in the 

lipolytic response to diis enzyme within groups. 

Insert Figure 2 



The effect of epinephrine, which is known for its mixed agonist (a2/f3) properties on lipolysis 

was examined in the presence of ADA. As shown in Figure 3, the catecholamine initiated a 

similar biphasic responsiveness in subcutaneous abdominal and fernorai adipocytes fiom both 

groups: antilipolysis was observed at low concentrations (10'~ to IO-' M), this effect bcing 

completely reversed at higher doses at which the hormone exerted a lipolytic response (lo4 to 

104 M). 

Insert Figure 3 

The selective a2-agonist, UK-14304, was also tested on ADA-stimulated lipolysis to 

characterize the a2-adrenoceptor component (Figure 4). A similar antilipolytic effect was 

observed in subcutaneous abdominal and femoral adipocytes from both groups. The az- 

adrenergic sensitivity (ICs0) estimatexi as the half-maximal antilipolysis induced by LTK-14304 

was also similar in both adipose depots between groups (Table 2). Moreover, rniddle-aged 

subjects were characterized by a greater a*-adrenergic sensitivity in femoral than in 

subcutaneous abdominal adipose cells (P < 0.05) (Table 2), whereas such a regional variation 

was not observed in young men. 

Insert Figure 4 and Table 2 

To study the influence of the &adrenoceptor component, the lipolytic effect of the B-agonist 

isoproterenol was examined on basal lipolysis (Figure 5). The lipolytic responses observed et 

both lod and 10" M were significantly lower in middle-aged than in young subjects (P < 

0.01). No variation between sites was observed for lipolysis initiated by isoproterenol in 

middle-aged subjects, whereas young subjects displayed a greater isoproterenol-induced 

lipolysis in the subcutaneous abdominai region (P < 0.05). Moreover, no difference between 

groups was observed in the f3-adrenergic adipose ceil lipolytic sensitivity of both regions 

(Table 2). The badrenergic sensitivity was also greater in nibcutaneous abdominai than in 



femoral adipose ceiis of middle-aged subjects (P c 0.05). whereas such regional variation was 

not observed in young individuais, 

Furthemore, as any step of the lipolytic cascade may be responsible for the differences 

observed in catecholamine responsiveness, the effects of agents acting at different postreceptor 

levels were also investigated (Figure 6). The maximal lipolytic responses to either DcAMP 

(10') M), forskolin (10~' M) or theophylline (W3 M) were markedly decreased in 

subcutaneous adipocytes of middle-aged, as compared to young subjects (P values ranging to 

0.01 to 0.05). Moreover, no regional variation was observed when lipolysis was stimulated by 

these postreceptor agents within both groups. 

insert Figures 5 and 6 

Finally, no diEerence was observed in both abdominal and femoral AT-LPL activities 

between young and middle-aged subjects. No regional variation in this enzyme activity was 

also found in both groups of men (Figure 7). 

insert Figure 7 



Discussion 

This study was perfomed to compare adipose tissue metabolism of young and middle-aged 

men who displayed similar subcutaneous fat accumulation and fat ce11 size. This matching 

procedure was important due to the well-known influence of regional fat distribution and fat 

ce11 size on adipose tissue metabolism (3-5). Our results clearly showed that middle-aged 

subjects were characterized by a lower lipolytic capacity in both subcutaneous abdominal and 

femoral adipose regions, as compared O young individuals. 

The a?-antilipolytic adrenergic responses to UK-14304 and epinephrine were not altered by 

aging in the pnsent study. The a*-adrenergic sensitivity ( IC3 induced by UK-14304 was also 

similar in both adipose depots and groups, suggesting that intriasic properties of a2-  

adrenoceptors in human fat cells do not seem to be influenced by age, a notion concordant 

with previous observations (1 1). Taken together, thes results are consistent with the fact that 

the increase in fat ce11 size, rather than aging itself, is one critical factor modulating the az- 

adrenergic responsiveness and the a2-acûenoceptor number (4,23). 

The fact that maximal lipolytic effect of e p i n e p h ~ e  did not differ betweeen groups may 

appear discordant with the lower isoproterenol-stimulated maximal adipose ce11 lipolysis 

observed in middle-aged individuals, as compared to young subjects. In this regard, it could be 

hypothesized that the strong a2-adrenergic antilipolytic component of catecholamine could not 

entùely be compensated by the P-aârenergic activity of the hormone (1 8,19,2 l), even after 

matchhg subjects for fat cell size and subcutaneous fat accumulation. Such a finding remains 

dificuit to explain as the al-adrenoceptor responsiveness assessed either by epinephrine 

(mixed a&agoaist) or by UK-14304 (highly selective a2-agonist) did not appear to be more 

pmnouafed in subcutaneous adipose cells h m  middle-aged as compared to young men. 

Out results also demonstrate that maxinid adipose ce11 lipolytic response to the fbagonist, 

isoprotetenol, was lower in middle-aged than in young individuais, whereas the badrenergic 



receptor sensitivity was similar in both groups. As only a few available fbadrenoceptors need 

to be occupied to obtain a maximal effect, the alteration in responsiveness is usually Iinked to 

changes in hormone action at M e r  intracellular steps in the pathway of the signal, whereas 

changes in sensitivity may reflect alterations in hormone action that are located at/or near the 

receptor level(24). Therefore, the impaired P-adrenergic response to isoproterenol observed in 

adipocytes from middle-aged individuals suggests a defect located at the postreceptor levels. 

In this regard, Lonnqvist et al. (1 1) have already proposed that hormone-sensitive lipase 

(HSL), the enzyme which hydrolyzes triacylglycerol fiom the lipid droplet of adipocytes in 

glycerol and non-esterified fatty acids (7,8). could play a key role in the age-related difference 

in catecholamine-stimulated lipolysis. Indeed, since HSL activity is activated by agents that 

promote an increase in intracellular level of CAMP, such as isoproterenol via its activation of 

bacirenoceptors, DcAMP. forskolh or theophylline, a lower lipolytic effect of these agents 

could reflect a decreased enzyme activity. A recent study has also shown that the maximal 

lipolytic capacity detennined by the adipose ce11 lipolytic response to isoproterenol was 

significantly cocrelated with HSL activity (25). Therefore, the decreased isoproterenol-induced 

lipolysis that we observed in adipose cells from rniddle-aged subjects is possibly the 

consequence of an altered HSL activity. A loss of the ability to translocate HSL to the lipid 

droplet has also recently been suggested to contribute to the diminished lipolytic response to 

catecholamines with age in rats (26). 

However, alterations located at postreceptor levels other than HSL cannot be excluded at the 

present tirne. Indeed, that basai lipolytic rate was similar between young and middle-aged 

individuals suggests that the ouspected HSL defect in older subjects is not major, since basai 

lipolytic rate has ken reported to be a strong correlate of basal HSL activity (27,28). In this 

regard, the impaired maximal lipolytic effects of all postreceptor agents tested in adipocytes 

from middle-aged subjects do not exclude the possibility that these individuals are 

charactenzed by a high adipose ceU phosphodiesterase activity. This finding has akady been 

reported in old rats by some investigators (29). whereas others did aot observe any change in 

this enzyme activiîy (30.3 1). Further studies are therefore needed to clarify this issue. 



Finally, there is extensive evidence showing that adipose tissue lipoprotein lipase (AT-LPL) 

activity is an enzyme involved in the regulation of fat ce11 storage (4-6). Rebuffé-Scrive et al. 

(32) have already reported an absence of regional variation in AT-LPL activity of middle-aged 

men, a fmding consistent with our results. However, no study to our knowledge has attempted 

to venm the impact of aging on this enzyme activity. Based on the hypothesis that AT-LPL 

activity may contribute to regional fat distribution (33), it was therefore expected to observe a 

similar subcutaneous AT-LPL activity in both groups of subjects because of their similar 

subcutaneous fat accumulation. Indeed, AT-LPL activity did not appear to be influenceci by 

advancing age, once the concomitant variation in body fatness is taken into account. 

Conclusion 

This study demonstrated that rniddle-aged men display a reduced lipolytic capacity in both 

subcutaneous abdominal and femoral adipocytes when compared to young individuals of 

similar body weight and subcutaneous Fat distribution. This age-related difference in lipolytic 

activity was mostly explained by alterations located at different postreceptor levels and is 

probably attributed to a decreased activation of the hormone-sensitive lipase cornplex. The 

important visceral adipose tissue accumulation O bserved in middle-aged subjects could also be 

a potential factor explainhg their reduced subcutaneous adipose tissue lipolytic capacity. 

Taken together, these results indicate that advancing age is not associated with any major 

change in adipose tissue LPL activity, but rather to an altered lipid mobiluing capacity. 
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Legends to figures 

Fimw 1 

Distribution of subcutaneous abdominal and femoral fat cell weights of young and middle- 

aged men. Horizontal iines represent mean values. 

Fiaure 2 

Basal lipolytic rate and adenosine deaminase (ADA)-stirnulated lipolysis in isolated 

adipocytes fiom the subcutaneous abdominal and femoral regions of young and middle-aged 

subjects. Values are means k SE of 16 experiments performed in duplicate. 

Figue 3 

Effect of epinephrine (EPI) on adenosine deaminase (ADA)-stimdated lipolysis in isolated 

adipocytes from the subcutaaeous abdominal and femoral regions of young and middle-aged 

subjects. Values are means f SE of 16 experiments petfomed in duplicate. Glycerol release 

was expressed as dfirence between stimdated (with EPI) and basai (Le. in presence of 5 

pghl  of ADA) values. Negative values reflect inhibition of lipolysis. 

Figure 4 

UK14304-induced inhibition of ADA-stimulated lipolysis in isolated adipocytes fiom the 

subcutaneous abdominal and femoral regions of young and middle-aged subjects. Values are 

means f SE of 16 experiments performed in duplicate. Fat cells were incubated in the 

presence of ADA (5 pg/ml). Antilipolysis is given as the difference between values in the 

presence of UK and basal values (with ADA). Agonist concentrations required for half- 

maximal inhibition of lipolysis (ICJo) were detemiined fiom these dose-response curves. 



Figure 5 

Isoproterenol (IS0)-induced lipolysis in isolated adipocytes fiom the subcutaneous abdominal 

and femoral regions of young and middle-aged subjects. Fat cells were incubated without 

ADA (Le., standard conditions) and values are means f SE of 16 experiments perfomed in 

duplicate. Agonist concentrations required for half-maximal stimulation of lipolysis (EC50) 

were determined fiom these dose-response curves. Significant difference between groups at i 
P < 0.01. 

Figure 6 

Lipolytic responsiveness to post-adrenoceptor agents in isolated adipocytes fiom the 

subcutaneous abdominal and femoral regions of youag and middle-aged subjects. Fat cells 

were incubated without ADA, in presence of either dibutyryl-cyclicAMP (DcAMP; 10'" M), 

foakolin (FK; IO-' M) or theophylline (THEO; IO-' M). Previous experirnents revealed that 

the concentrations of different dmgs w d  were maximally effective doses. Values are means f: 

SE of 16 experiments perfomed in duplicate and basal glycerol release has already been 

subtracted. Significant difference between groups at * P < 0.05 and t P < 0.01. 

Figure 7 

Subcutaneous abdominal and fernorai adipose tissue lipoprotein lipase (AT-LPL) activities 

expnssed per adipocyte suiface area of young (n = 15) and middle-aged men (n = 14). Values 

are means I SE. 



Table 1. Physicaf characteristics of subjects. 

- - -- -- 

Young (n = 16) Middle-aged (n = 16) 

Body weight (kg) 

BMI @dmz) 
% Fat 
Fat mass (kg) 
Fat fne mass (kg) 
Waist ghth (cm) 
Adipose tissue a m  
Abdomen (L4-LS) 

Subcutaneous 

Mean k SD Range Mean I SD Range 

Age O r e W  29k4 22-3 5 57f S $  50-65 
Aathropometric variables 

89f 12 66-1 13 85t11 62- 1 03 
2 9 î 4  21-34 29t4 23-40 

26f 9 10-37 29 t 7 17-45 
23 i 10 7-3 6 25f 9 13-45 
65f7 53-79 59+6* 50-72 
96f 11 76-1 13 100 f 10 85-121 

u metrurd by CT (cm2) 

Values are means f standard deviation (SD). 

BMI = body mass index; CT = computed tomography. 

Significant difference between groups at P< 0.05, t P< 0.01 and t P< 0.000 1. 



Table 2. Sensitivity for a2- and P-adrenoceptor agonists estimated from in vitro lipolysis 

studies on subcutaneous abdominal and femoral adipocytes of young and middle-aged 

subjects. 

Subcutaneous adipose ce11 sensitivity 

Young Middle-aged 

Abdominal Femoral Abdominal Fernoml 

Values are means f standard error (SE) of 16 experiments perfomed in duplicate. 

The a2-adrenergic sensitivity estimated by the concentration of UK- 143 O4 required for half- 

maximal inh'bi 

tion of lipoly sis (ICSO) was calculated fiom eac h dose-response curve ( 1 0- 1 0 to 1 0-6 M). 

The Badrenergic sensitivity estimated by the concentration of isoproterenol required for hal' 

maximal stimulation of lipolysis (ECJo) was calculated fiorn each dose-response curve (10" to 

loz' M). 

Signüicant regional variation at a P < 0.05. 
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CHAPITRE 9 

D/FF&RENCES ASSOCIEES AU VlElLLlSSEMENT AU NI VEAU DE 

L'EXPRESSION DE PROT~INES CLÉ IMPLIQU&S DANS LE METAABOLISME DE 

LA CELL ULE ADIPEUSE 

L'article composant ce chapitre est intitulé: 

"Age-nlated differences in mRNA expression of key proteins involved in adipose ce11 

diffetentiation and metabolism" 

(soumis pour publication A American Journal of Physiology) 



Résumé 

Le but de cette &tude était de comparer les niveaux d'expression (ARNm) de protéines clé 

telles que la lipoprotéine lipase (LPL), la lipase homono-sensible (LHS), le complément 3a 

(C3a) et le peroxisome proliferutor-activated receptor gamma (PPARy) impliquées dans Le 

contrôle du métabolisme du tissu adipeux sous-cutané abdominal chez des hommes jeunes (n 

= 13) et moyennement âgds (n = 16). L'activité de la LPL du site soustutanC abdominal et la 

lipolyse d'adipocytes isolés du même ddpôt ont également et6 mesurées. Les deux groupes 

prdsentaient un poids corporel et une accumulation de tissu sous-cutané abdominal similaires. 

Cependant les hommes d'âge moyen étaient caracteris& par une adiposité plus élevée que les 

sujets jeunes (28 i 5 vs 22 î 7 %, P < 0.05). Aucune diffdrence n'a et6 observée au niveau de 

i'activité de la LPL. A l'inverse, la lipolyse maximale des adipocytes sous-cutanés abdominaux 

en réponse B i ' isoprhihe (agoniste p-adrénergique) ou par des agents postrécepteurs tels que 

L'AMPcyclique dibutyryle, la foakoline et la théophylline était inférieure chez les hommes 

moyennement âgés en comparaison à celle des individus jeunes (P c 0.05). L'expression de la 

LPL était similaire au niveau des deux groupes. Cependant, les niveaux d'ARNm de la LHS, 

de C3a et de PPARy etaient plus Clevés chez les hommes d'âge moyen que chez Ies sujets 

jeunes. Apres avoir contrÔl6 statistiquement les niveaux d'ARNm pour l'adiposité des sujets, 

seule l'expression de la LHS et de C3a est demeurde plus dlevée chez les hommes 

moyennement âgés (P < 0.05). Dans le groupe entier, aucune relation n'a été observée entre 

l'activitd et Pexpression de la LPL. De plus, l'expression de la LHS n'était pas reliée B la 

capacitd lipolytique des adipocytes. En conclusion, ces rdsultats suggkrent que le 

vieillissement entraîne un effet "uprégulateur" sut l'expression de la LHS et de C3a aioa que 

les niveaux dtARNm de PPARy semblent principalement dependre d'une augmentation de 

l'adiposité. 
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Abstract 

This study was perfomed to compare the expression of key proteins (lipoprotein lipase (LPL), 

hormone sensitive lipase (HSL), complement 3 a (C3 a) and peroxisome proliferator-stimulated 

receptor-gamma (PPARy)) involved in the control of subcutaneous abdominal (subc abd) 

adipose tissue (AT) metabolism of young (n = 13) vs middle-aged (n = 16) men. Subc abd 

AT-LPL activity as weii as fat ce11 lipolysis were also rneasured in both groups of men. Young 

and middle-aged men displayed similar body weight and subc abd fat accumulation rneasured 

by computed tomography. However, middle-aged men were characterized by a higher percent 

body fat (28 f 5 vs 22 f 7 %, P < 0.05) than young subjects. No difference between groups 

was observed in subc abd adipose tissue LPL activity. On the other hand, maximal lipolytic 

nsponse of subc abd adipocytes to isoproterenol (fbadrenergic agonist) or to postadrenoceptor 

agents such as dibutyryl-cyclic AMP, forskolin and theophylline were lower in middle-aged 

than in young men (P < 0.05). AT-LPL mRNA levels were similar regardless of the subjects' 

age. However, HSL, C3a and PPARy mRNA levels were higher in rniddle-aged than in young 

individuals (P values ranging fiom 0.01 to 0.05). ARer correction for percent body fat, only 

HSL and C3a mRN.4 levels remained significantly different between groups (P c 0.05). Taken 

together, these results suggest that aging has an effect on the upregulation of HSL and C3a 

mRNA levels, whereas PPARy expression seems to be mostly related to an increased 

adiposiîy . 

Keywords : aging, adipocyte, lipolysis. 



Introduction 

Substantial changes in body fat distribution and function occur with aging (22,42). Lndeed, the 

peak of fat mas is attained by middle age and M e r  declines during senescence (42). This 

phenornenon is paralleled by a decline in the intrinsic preadipocyte replication potential as 

well as by an impaired capacity of human preadipocytes to differentiate (1 8). Studies from 

animals have also revealed that the preadipocyte differentiation program is irnpaired with 

senesctnce since mRNA levels of $-actin and setubulin (early differentietion markers), 

lipoprotein lipase (LPL) (midway marker) and glycerol-3-phophate dehydrogenase (G3P) (late 

marker) were decreased in preadipocytes cuitured fiom nits of various age (23). 

As opposed to young individudo, middle-aged men commonly present a higher body fatness 

(42). However, linle is known about changes o c c ~ g  in fat ce11 metabolism at this specific 

pend of human life (4065 years). We have recently reported that middle-aged vs young men 

displayed a selective decrease in the subcutaneous adipose tissue lipolytic capacity which 

appears to be related to postreceptor alterations rather than to an increased adiposity (20). 

In the 1st years, the discovery of proteins expressed and secreted by adipocytes has confered 

to adipose tissue a more active role in the control of energy balance (17). In the adipocyte, 

lipid storage is almost entirely dependent on the uptake of fatty acids released from the 

hydrolysis of circulating triglyceride-rich lipoproteins by lipoprotein lipase (LPL) (13). 

Conversely, adipose tissue lipid rnobilization is stimulated by hormones such as 

catecholamines which activate cell-surface receptors increasing thereby the cellular 

concentration of CAMP which induces adipocyte lipolytic activity via the phosphorylation of 

hormone sensitive lipase (HSL) (26). Moreover, adipocyte produces acylation stimulating 

protein (C3a), a potent stimulator of glucose transport and triglycende (TG) synthesis in 

adipocytes (5). These latter adipose ce11 enzymes are to some extent responsible for the control 

of the adipose tissue lipolysis/lipogenesis balance. More recently, characterization of 

transcription factor-binding sites led to the identification of a ptotein farnily that plays an 

important role in the induction of the N l y  differentiated adipocyte, the peroxisome 

proliftrator-activated receptors (PPAR) (1 1, 4 1). Among these latter, PPARy has been 



identified to play a key role in adipocyte differentiation (45). To the best of our knowledge, 

few studies have examined the impact of aging on potential targets iavolved in the control of 

lipolysis/lipogenesis adipose tissue balance as well as of adipocyte differentiation in humans. 

In order to verify whether aging could be related to changes in the expression of genes 

hvolved in the control of adipocyte metabolism, we have quantified the mRNA levels of LPL, 

LHS, C3a and PPARy in the subcutaneous abdominal fat depot of young vs middle-aged men. 

We have also investigated whether variation in the expression of these key proteins may 

contribute to explain changes in body composition a d o r  metaboiic profile observed in 

middle-aged men. 



Material and Methods 

Subjects. Twenty-nine healthy Caucasian men were recruited through the media and gave 

their wcitten infonned consent to participate in this study, which was approved by the Laval 

University Medical Ethics Committee. Thirteen young and sixteen middle-aged men were 

compared for potential differences in subcutaneous adipose tissue mRNA levels of genes 

involved in the control of adipocyte differentiation and metabolism. Al1 individuals 

underwent a medical evaiuation by a physician, which includcd a medicd Mstory. Subjects 

with cardiovascular disease, diabetes mellitus, endocrine disorders, or those on medication 

which could have influenced trig ly ceride metabolism (f3-blockeen, antihypertensive drugs, etc) 

were excluded h m  the study. Al1 participants were sedentary, non-smokers and moderate 

alcohol consumers. None had recently been on a diet or involved in a weight-reducing 

program, and theu body weight had been stable during the last six months prior to the study. 

Total body fatness and regional fat distribution. Body density was detennined by the 

underwater weighing technique and percent body fat was derived fiom body density (43). 

Pulmonary residual volume was measured using the helium dilution method (34). Fat mass 

and fat fiee mass was derived fiom the derived percentage of body fat and total body weight. 

Waist girth was rneasured according to procedures recommended at the Airlie Conference 

(29). Computed tomography (CT) was performed on a Siemens Somatom DRH scanner 

(Erlangen, Gennany), according to the methodology previously described by Sjostr6m et al. 

(44). Briefly, subjects wen examined in the supine position with both amis stretched above 

the head. CT sans were perfomed at the abdominal (between L4 and L5 vertebrae) level, 

using an abdominal scout radiograph to establish the position of the scans to the nearest 

millimeter. Total adipose tissue (AT) areas were calculated by delineating the abdomen with a 

graph pen and then computing AT surfaces with an attenuation range of -190 to -30 

Hounsfield units (HU) (1 5). Abdominal viscerai AT area was measured by drawing a line 

within the muscle wall swrounding the abdominal cavity. The abdominal subcutaneous AT 

area was detemiined by submcting the viscerai AT area Erom the total abdominal AT area. 



Plusma determ'nationr. Blood samples were obtained in the morning afler a 1 2-h fast from an 

antecubital vein. Plasma triglyceride levels were measured enzymatically on a RA4000 

automated analyzer (Technicon Instruments Corporation, Tarrytown, NY, USA). Fasting 

plasma glucose and free-fatty acid (FFA) levels were measured enzymatically (12, 36), 

whereas plasma insulin concentration was determined by radioimmunoassay with 

polyethylene glycol separation (9). A 75 g OGTT was perfonned in the morning after an 

ovemight fast. Blood samples were collected in tubes containing EDTA and Trasylol (Miles 

Pharmaceutics, Rexdaie, Ontario, Canada) through a venous catheter fkom an antecubital vein 

at -15, O, 15,30,45, 60,90, 120, 150 and 180 min. The total glucose and insulin areas under 

the curve measured during the OGTT were calculated using the trapezoid method. 

Adipocyte isolation and I@o&si;s. Mer an ovemight fast, participants underwent a biopsy of 

subcutaneous fat in the periumbilical region. A smail cutaneous incision (1 cm) was perfonned 

in the aMominai site following local anesthesia (1% lidocaine, without epinephrine) and about 

400 mg of subcutaneous adipose tissue were surgically removed from the fat depot. 

Samples of 250 mg of adipose tissue were used for the measwement of fat ce11 lipolysis. 

Adipocytes were isolated according to the method of Rodbell (38) in a Krebs-Ringer 

bicarbonate buffet (pH 7.4) (KRB) containing 4% bovine serum albumin and 5 mM glucose 

(KRBA), plus 1 m g / d  collagenase, as previously described (32). Digestion took place in a 

shaking water bath under an au gas phase of 95% O2 and 5% COz, for 40 min at 3 7 ' ~ .  The 

suspension was then filtered and the cellular filtrate obtained was rinsed 3 times with 5 ml 

KRBA. lsolated adipocytes were fïnally re-suspendcd in KRBA, in ordet to obtain a final 

concentration of approximately 500 cells per 50 pl. 

Extracellular glycerol release was used as the indicator of adipocyte lipolysis. 50 11 aliquots of 

the continuously stined ce11 suspension were placed in 1.5 ml conical tubes. Two of these 

tubes wete used for ceil counting and sizing; two othen containhg 10 pl KRB were 

immediately placed on ice and provided evaluation of the initial concentration of glycerol in 

the medium. Agents for üpolysis stimulation were added just before starting the incubation in 

10 pl portions in ordet to obtain the deskd  finai concentration. Mer a 2h incubation at 3 7 k  

in a shaking waûz bath, under 95% O2 and 5% Ca gas phase, 50 kl HCl (IN) were added to 



al1 tubes to stop the reaction, then 50 pl NaOH (IN) were added to neutralize the medium. Al1 

tubes were stored at - 2 0 ' ~  until glycerol determination. NADH concentration was measured 

by bioluminescence with a luciferase solution, using an automated 2250 Dynatech 

luminometer (32, 33). For each concentration of stimulator agent, the amount of glycerol was 

taken as the average of the quantities obtahed frorn the two incubated tubes. Glycerol 

measurernent by bioluminescence is very sensitive and especially well adapted when oniy 

small amounts of adipose tissue are available (32, 33). Adipose ce11 diameters were 

determined using a Leitz microscope equipped with a graduated ocular (Rockleigh, NJ, USA). 

Mean fat ce11 diameter was assessed fiom the measurernent of at least 500 cells, and the 

density of triolein was used to transform adipose ce11 volume into fat ce11 weight, as previously 

described (1 O). 

The lipolytic activity of isolated fat cells was tested with isoproterenol (non selective 8-AR 

agonist) (33). Ascorbic acid (0.1 mmoV1) was included in the medium in order to prevent 

catecholamine degradation. Some experiments were conducted with fonkolin (direct activator 

of adenylate cyclase), dibutyryl adenosine 3'. 5' cyclic monophosphate (dibutyryl c-AMP, 

stimulator of the protein kinase hormone-sensitive lipase complex and phophodiesterase- 

resistant cyclic AMP analogue) and theophylline (mainly inhibitor of cyclic GMP-inhibited 

phosphodiesterase, COI-PDE) (33). Lipoiysis was expressed either per ce11 nurnber (ie, in 

(MOI of g1ycero~106 cells x 2h) or per unit of ce11 surface area (ie, in m o l  of glycerol/pn2 x 

10' YC 2h), the latter mode of expression being used to correct for variation in fat ceIl size 

which is well-known to influence the rate of lipolysis (1, 33). The responsiveness was 

expressed as the difference between basal glycerol release and the lipolytic rate at maximum 

effective concentration of the agents tested (10'~ M isopmterenol or forskolin, 10-~ M dibutyryl 

CAMP or theophylline). 

AdMse !hue l@oprotein l@pse (AT-LPL) activity. Sarnples of approximately 100 mg of 

adipose tissue fiom the aôdominal site was immediately fiozen in liquid nitrogen and stored at 

- 8 0 ' ~ .  Heparin-releasable LPL activity was measured within one month of fieezing storage, 

according to Savard et al. (39). AT-LPL activity was expressed as micromoles of fm-fatty 



6 
acids (FFA) released per hour per 10 cells. Since AT-LPL activity is associated with fat ce11 

size (1 3, 39), AT-LPL activity was also expressed per ce11 surface area (ie, nanomoles FFA 

per hour per micrometer squared times 10'). 

Total RNA preparation. Total RNA fiom approximately 50 mg of adipose tissue was prepared 

using the RNeasy total RNA kit from Quiagen (Courtaboeuf, France), as previously described 

(4). Total RNA concentration was determined by absorbance measurement at 260 nm. The 

260/280 nm absorption of aU preparations ranged between 1.8 and 2.0. The average yield of 

total RNA was 1.6 I 0.7 pg/100 mg of adipose tissue and no significant difference was 

observed between groups. 

Quanti/rcution of W A .  LPL, HSL, C3a and PPARy adipose tissue mRNA levels were 

determined by reverse transcription reaction followed by cornpetitive polymerase chah 

reaction (RT-cornpetitive PCR). Briefly, this method relies on the addition of a known amount 

of a competitor DNA molecule in the PCR to staadardize the amplification process. The 

construction of the cornpetitors, the validation of assays and the conditions of the RT-PCR 

reactions have previously been described in detail (3, 37). For each mRNA, the specific fiat 

strand cDNA was synthesized fiom 0.1 pg of total RNA. During the PCR, sense prirners with 

the S'-end labelled with Cy-Sfluorescent dye (Eurogentec, Seraing, Belgium) were used. The 

use of these primen allowed the synthesis of fluorescent PCR products which were analyzed 

with an automated laser fluorescence DNA sequencer (ALFexpress, Pharmacia, Upsala, 

Sweden) in 4% denatmting polyacrylamide gels. The initial concentration of target mRNA 

was determined at the cornpetition equivalence point, as previously described (4). 

Drugs und chedcuIs. Collagenase, bovine senun albumin and enzymes for glycerof assays 

were obtained fiom Bochringer Mannheim (Canada). Ascorbic acid, theophylline, forskolin. 

DcAMP, (-)-isoproterenol bitartrate, (-)-epinephrine bitartrate and cold triolein were 

purchased h m  Sigma Chernical (St-Louis, MO, USA). "c-trioiein was obtained fiom Dupont 

N'EN (Canada). Al1 other chemicais and organic solvents were of the highest purity grade 



commercially available. The same batches of hormones, pharmacological agents, collagenase 

and albumin were used in al1 experiments. 

Statiktical analyses. The Snident's t-test was utilized for cornparisons between young and 

middle-aged subjects. An analysis of covariance was used to detennine whether there were 

significant diffemnces between mRNA levels once the effect of body fat percentage was 

removed. Associations between two variables were quantified by ushg the Pearson's product- 

moment correlation coefficients. Ml analyses were performed using the Jump version 3.2.2 

program (SAS Instihite Inc., Cary, NC) adapted for Macintosh computea. 



Subjects' physical characteristics are presented in Table 1. As expected, a significant 

dEerence was observed in the subjects' age (P < 0.001). Both groups of men displayed similar 

body weight, body mass index, fat mass, fat free mass and subcutaneous adipose tissue 

accumulation measured by CT. However, middle-aged men had higher percent body fat, waist 

girth and visceral adipose tissue accumulation than young subjects (P values ranging fiom 

0.01 to 0.05). Moreovei, subcutaneous abdominal adipocytes were larger in middle-aged vs 

young individuals (P < 0.01). As shown in Table 2, middle-aged men were characterized by 

higher fasting plasma glucose levels as well as glucose and insulin areas than young subjects 

(P values ranging fiom 0.01 to 0.05). On the other hand, no difference between groups was 

observed in fasting plasma TG and insulin levels. 

Insert Tables 1 and 2 

The rank order of expression of the selected key proteins studied wax LPL > HSL > C3a > 

PPARy irrespective of the subjects'age. AT-LPL expression and activity were similar in bot& 

groups (Figure 1). No significant relationship was observed between the mRNA level and the 

activity of this enzyme in the whole group (r = 0.34; NS). As show in Figure 2, mRNA levels 

of HSL were higher in middle-aged than in young men (P < 0.01). However, no difference 

was O bserved in basal l ipolysis of subcutaneous adi pocytes between groups whereas maximal 

lipoiytic responses of subcutaneous adipose cells to isoproterenol (f3-agonist) and to 

postreceptor agents such as DcAMP, forskolin and theophylline were lower in middle-aged 

than in young men (P values ranging from 0.01 to 0.05). Furthemore, HSL expression was 

not related to either basal or stimulated lipolysis (-0.10 < r < -0.22; NS). Finally, middle-aged 

men displayed higher mRNA levels of C3a and of PPARy than young subjects (P < 0.01) 

( F i w  3)- 

Insert Figures 1,2 and 3 



As reported in Table 3, positive relationships were observed between subjects' body fatness as 

well as viscerd adipose tissue accumulation and PPARy expression (0.48 c r < 0.66; P values 

ranging from 0.00 1 to 0.05). Moreover, fasting plasma glucose and TG levels were positively 

related to HSL expression in the whole group (0.39 < r < 0.5 1; P values ranging from 0.01 to 

0.05). As middle-aged men showed a greater percent body fat than young individuals. values 

of each mRNA target conected for body fat percentage have been compared between groups. 

As shown in Figure 4, mRNA levels of PPARy did not remain different between groups, 

whereas HSL and C3a mRNA levels were still significantly higher in middle-aged than in 

young men even &er adjustment for variation in subjects' body fatness (P < 0.05). Similar 

results were found when mRNA levels were adjusted for visceral adipose tissue accumulation 

(not s hown). 

insert Table 3 and Figure 4 



Discussion 

In this study, the expression of key proteins involved in the control of adipose tissue 

metabolism was cornpared between young and middle-aged men. Our results showed that 

subcutaneous adominal adipose tissue mRNA levels o f  LPL were not different regardless of 

the subjects' age, whereas HSL, C3a and PPARy mRNAs levels were higher in middle-aged 

than in young individuals. However, only HSL and C3a mRNAs remained elevated in rniddle- 

aged men after correction for body fat percentage variation. 

Advanchg in age has aiready been reported to be accompanied by important changes in body 

fat distribution in men (42). More precisely, the passage of youth to middle age is associated 

with the pe& in fat mass (42) and numerous studies have documented that fat deposition is 

principally concentrated in the abdominal region of middle-aged men (8, 14, 25). We have 

recently observed a body fat gain during a foilow-up period of 12 years in men aged 44 f 5 

years at baseline even if both a decrease in their reported relative fat intake and an increase in 

their reported participation in physically activity have occurred (46). These results support the 

notion that the middle age penod (40-59 years) is accompanied by some metabolic events 

playing an important role in the regulation of fat balance. In this regard, we have recently 

reported a reduced lipolytic capacity in both subcutaneous abdominal and femoral adipocytes 

of middle-aged vs young men of similar body weight and subcutaneous fat distribution (20). 

Results of the present study also reemphasize this notion since middle-aged men showed 

impaired maximal isoproterenol- and postreceptor-induced lipolysis as compared to young 

men, although the former had larger subcutaneous fat cells. A loss of the ability to translocate 

HSL to lipid droplet bas recently been suggested to explain the diminished lipolytic response 

to catecholamllies with age in rats (7). The fact that rniddle-aged individuals presented higher 

HSL mRNA levels suggests that a high degradation rate of this transcript may occur with 

aging, thus leading to a decreased HSL protein level and a reduced adipose ceil lipolytic 

capacity. As a novel form of human HSL pduced  by alternative splicing has recently ken 

discovered (27). it is also possible that the decteased adipose tissue lipoiytic capacity observed 

in middle-aged men could iesult from an increase in the proportion of the short but inactive 



tnuiscript HSL as compared to the long active HSL form. Further studies will be needed to 

explore this possibility. 

Both AT-LPL mRNA content and enzyme activity were not altered by aging in the present 

study. Recently, LPL mRNA levels have been reported to be inversely related to age in rhesus 

monkeys (19). In the latter study, the downregulation of LPL expresssion could be due to the 

decnased expression of PPARy and adipocyte determination- and differentiation-dependent 

factor Vsterol regulatory element binding protein 1 (ADDl/SREBP), which are known to 

regulate LPL expression (21, 40). One possible explanation for this controveny might be 

related to the wide agc range of the animals snidied (7 to 30 years). Indeed, adipocytes of 

senescent animals have been shown to have a decline in fat ce11 lipogenic activity which may 

thus explain the decrease in fat m a s  observed in these animals (22). in addition. Hauner et ai. 

(1 8) have previously reported a reduced potential of differentiation of stromal-vascular cells 

obtained nom old human donors. Furthet sadies are however needed to ver@ whether older 

individuals than subjects of the present study would display a decreased AT-LPL expression. 

On the other hmd, the fact that LPL mRNA levels were not related to LPL activity is 

concordant with the important po~man~cnptionai and posttranslational rnechanisms involved 

in the regulation of this enzyme activity, as previously reported (2,30, 35). On the basis of the 

fact that adipose tissue LPL activity may contribute to regional fat distribution (2), it was thus 

expected to observe a similar subcutaneous adipose tissue LPL activity in young and middle- 

aged men of the present study because of their comparable adipose tissue accumulation. 

To the best of oui knowledge, this study is the first to show that C3a mRNA levels are 

specüïcally upcegulated in subcutaneous adipose tissue of middle-aged as compared to young 

men. This finding is based on the fact that C3a expression remained significantly higher in 

middle-aged than in young individuals, even after correction for body fat variation, an 

important factor influencing plasma ASP levels (6). Although we are aware of the fact that 

mRNA content of C3a does not necessarily reflect the fiinctioaal activity of the ASP protein, it 

is tempting to speculate that the upreguiation of C3a expression may favor fat gain during the 

middle age period in humans. Indeed, ASP has recently ken shown to inhibit basal and 

norepinephrine-stimulated FFA nlease fiom adipocytes by its marked incrrasc in the 



fiactional FFA ce-estecification and to a lesser extent its inhibition of FFA produced during 

lipolysis (47). These effects were mediated by phosphodiesterase3 (PDE3) and by PDE4, 

which are known to hydrolyze CAMP in fat cells (31). To some extent, this finding may 

explain the impaired adipose tissue lipolytic capacity of the middle-aged men of the present 

study. 

Even if PPARy expression was higher in middle-aged than in young men, this difference 

disappeared after correction for body fatness variation. This fmding suggests that PPARy 

expression is not upregulated during middle age but seems to b mostly related to increased 

obesity, as previously nported (28, 48). It would have been expected that adipose tissue of 

middle-aged men presents lower PPARy mRNA levels than that of young subjects in regard to 

the impaired capacity of preadipocytes to dserentiate with aging (18). Once again, it is likely 

that subjects of the present study were not old enough to observe such an effect. One could 

also raise the fact that the use of whole adipose tissue complicates the interpretation of our 

nsults since PPARy rnay have an entirely different role in preadipocytes (ie, promotion of 

differentiation) versus mature adipocytes (regulation of metabolically important genes), as the 

proportion of these cells changes with aging (16, 24). However, this does not exclude that 

PPARy expression might be associated to the expansion of fat mass observed during middle 

age in humans. Furiher studies are therefore warranted to clarify the role of PPARy in the 

middle age-related obesity phenornenon. 

In conclusion, the present study demonstrates that subcutaneous abdominal adipose tissue LPL 

expression is similar in both middle-aged and young men. On the other hand, HSL and C3a 

mRNA levels are upregulated by aging whereas PPARy expression is mostly related to 

increased adiposity. These results suggest that the middle age period in humans affects 

subcutaneous abdominal adipose tissue metabolism but it appears to be gene specific. 
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Legends to figures 

F&we 1 

Adipose tissue mRNA levels and activity of lipoprotein lipase (LPL) from the subcutaneous 

abdominal depot of young (n = 13) and middle-aged (n = 16) men. AT-LPL activity is 

expressed per adipocyte surface area. Values are means i SE. 

Figure 2 

Adipose tissue mRNA levels of HSL as well as basal and maximal lipolytic response of 

subcutaneous abdominal adipocytes to isoproterenol and postadrenoceptor agents in young (n 

= 13) and middle-aged (n = 16) men. Fat cells were incubated in the presence of either 

isoproterenol (ISO; 1 O-' M), dibutyryl-cyclicAMP @CAMP; 1 O" M), forskolin (FK; 1 O-' M) 

or theophylline (-0; 10" M). Basal glycerol release has been subtracted from maximal 

lipolytic response. Values are means f SE. Significant diffennce between groups at + P c 

0.05, t P < 0.01. 

Fieure 3 

Adipose tissue mRNA levels of C3a and PPARy from the subcutaneous abdominal depot of 

young (n = 13) and middle-aged (n = 16) men. Values are means f SE. Significant difference 

between groups at t P c 0.0 1. 

Fipure 4 

Adipose tissue mRNA levels of LPL, HSL, C3a and PPARy fiom the subcutaneous abdominal 

depot of young (n = 13) and middle-aged (n = 16) men afler correction for body fatness 

variation. Values are means I SE. Significant difference between groups at P < 0.05. 



Table 1. Physical characteristics of subjects. 

Young (n = 13) Middle-aged (n = 16) 

Age O.e=) 3 1 f  5 
Anthropometric variables 
Body weight (kg) 85 rt 16 

BMI *dm2) 27f4 
Body fat (%) 222 7 
Fat mass (kg) I9f 9 

Fat fiee mass (kg) 64f 9 
Waist gkth (cm) 91 1 1 2  
Adipose tissue a m  mewured by CT (cm2) 
Abdomen (L4-LS) 

Subcutaneous 
Viscerai 

Fat cell weight 
Abdominal (pg lipidlcell) 

Value are means t standard deviation (SD). 

BMI = body mass index; CT = computed tomography. 

Significant difference between groups at P< 0.05,t P< 0.0 1 and $ P< 0.00 1. 



Table 2. Metabolic profile of subjects. 

Young (n = 13) Middle-aged (n = 16) 
- - 

Fasting variables 

Glucose (rnmoV1) 

Insuiin (pmoVI) 

FFA (mmoi/l) 

TG (mrnolll) 

Metaboüc responses to an oral glucose load 

Glucose area 

insulin area 

Value are meam I standarc! deviation (SD). 

Significant difference between groups at P< 0.05, t P< 0.0 1, $ P< 0.00 1. 

TG = triglycerides; FFA = fiee fatty acids; 

Glucose and insulin areas represent integrated plasma concentrations rneasured for 3 h after an 

oral glucose load (75g/OGTT). Glucose area is expressed in (rnmoüümin) x 10-3 whereas 

insulin area is expressed in (pmolNmin) x 10-3. 



Table 3. Correlation coeficients between subcutaneous abdominal adipose tissue (AT) 

mRNA levels and selected anthropometric and metabolic variables in the whole sample of 

men. 

AT mRNA levels 

LPL HSL C3a PPARy 

Body weight 

Body fat % 

Subcutaneous abdominal AT area 

Visceral abdominal AT area 

Abdominal fat ceii weight 

Fasting glucose 

Fasting insulin 

Fasting TG 

P<O.OS,tP<Q.Ol and$ P<0.001. 

For abbreviations, see footnotes to Tables 1 and 2. 
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L'article composant ce chapitre est intitulé: 

"Subcutaneous adipose tissue metabolism at menopause: importance of body fatness and 

regional fat distribution" 

(en révision ii Journal of Clinical Enducrinology and Meiobolism) 



Le but de cette étude était d'examiner la contribution de la ménopause au niveau du 

métabolisme du tissu adipeux sous-cutané de femmes pré (n = 8, 37 I 5 ans) et 

postménopausées (a = 8,57 i 6 ans) présentant une accumulation et une distribution régionale 

de tissu adipew similaires. A cet égard, ltactivit6 de la lipoprotéine lipase du tissu adipeux 

(LPL) et la lipolyse d'adipocytes isoles des sites soustutanés abdominal et fémoral ont été 

détermindes au sein des dewt groupes. L'adrénaline a induit un effet antilipolytique à de 

faibles concentrations et un effet lipolytique à de plus fortes concentrations chez les deux 

groupes et au niveau des deux sites adipeux dtudids. La réponse lipolytique maximale à 

l'isoprénaline (agoniste fbadrénergique) aussi bien que l'effet antilipolytique maximal de I'UK- 

14304 (agoniste a2-adrénergique) des adipocytes des deux sites étaient semblables chez les 

femmes prC et postmhopausées. De plus, aucune diff'érence n'a et6 observée au niveau de la 

sensibilité & et a2-adrénergique des adipocytes entre les dewt groupes étudiés. Finalement, la 

lipolyse maximale stimulCe par les agents postrécepteurs ainsi que l'activité de la LPL n'ont 

varit ni selon la region ni suivant l'âge des sujets. Cette étude montre que malgré un état 

endocrinien différent, des femmes pré ou postménopausées caractérisées par une distribution 

du tissu adipeux similaire présentent une balance 1ipolytiqueAipogeniqw comparable. 
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ABSTRACT 

nie aim of this study was to examine the contxibution of menopause per se on subcutaneous 

(subc) adipose tissue (AT) metabolism of sixteen women classified on the bais of their 

menopausa1 status: eight postmenopausai (57 I 6 years; mean k SD) vs eight pnmenopausal 

individu& (37 f 5 years), these two groups king matched for subc abdominal adipose ce1 size 

(within 0.02 pg Lipidlceil) and for visceral AT accumulation (within 15 ad) meanired by 

computed tomography. Fasting plasma glucose and insulin levels as weii as thek responses to an 

oral glucose load were Bmilar regardless of the women's hormonal status. Subc abdominal and 

femoral adipos tissue lipoprotein lipase (AT-LPL) activities as well as fat ce11 lipolysis were 

detemülwd in both groups. Epinephrine induceci antilipolysis at low concentrations and lipolysis 

at higher doses, in both adipose sites and group. The maximal tipolytic response to epinephrine 

or to isoproterenol (Baârenergic agonist) as well as the maximal antilipolytic effect of either the 

catecholamine or UK-14304 (a2-adrenergic agonist) assessed in subc adipocytes were sjmilar in 

pre- and postmenopausal women. In addition, neither the k, nor the ara&enoceptor snsitivity 

of subc adipose celis ciiffercd according to subjects' age. Fhûly, maximal lipolysis promoted by 

pst-adrenoceptor agents and AT-lipoprotein lipase activity did not vary among adipose cegions, 

nor between groups. Taken together, these cesults suggest that menopause per se does not seem to 

infiuence abc AT metabolism, once the variation related to adipose ce11 size and total body 

fatness is taken into account. 

KEY WORDS: lipolysis, adipocytes, lipoprotein lipase, aitecholamines, obesity, pre- and 

postmenopausai women. 



Abdominal obesity and Wceral adipose tissue accumulation are well known cornlates of 

metabolic complications predictive of an increased risk of corooary kart disease and type ïï 

diabetes, in both genden (1-3). In this regard, the increase in abdominal, and more particulatly 

viscerai fat accumulation, which occun at menopause (4-6). is associated with a greater risk of 

developing an atherogenic lipid profile andlot an insuiin resistant state (7,8). Regional variation 

in the lipid storage a d o r  mobilizing potencies of adipose ceils has already been identüied as 

potential mechanisms that could account for differences in body fat disttibution in obesity (3,9- 

11). Indeed, adipose tissue lipoprotein lipase (AT-LPL) activity has k e n  shown to be h i g k  in 

g lu td  or femod adipose tissue tban in subcutaneous abdomiaal fat depot from both lean and 

obese pnnenopausai women (1 2-15). Moreover, an enhanced adipose ceii Lipolytic response to 

catecholamines bas cornmonly been reportcd in subcutaneous abdominal as compiired to gluteo- 

femoral regions of non-obese and ober  young womea (1 2,13,16- 1 8). 

Although our understanding about the clustering of alterations in metabolic risk factors which 

accompanies menopause made pmgress over the last &cade (19-23). there has been little 

investigation of the role of adipose tissue metabolimi, an important factor to be considered when 

stuâying obesity-related metabolic compücations. Indeed, discordant iesults have been reported 

conceming either the lack (13,24) or the presence (25) of site ciifferences in AT-LPL activity in 

postmenopausal women. A lack of regional variation in lipolysis with age has also been 

observed by some investigatoa (1 3 ,X), whereas others have reported that subcutaneous 

abdominai fat cells wen more responsive to catecholamine stimulation than gluteal adipocytes 

(24,27). One possible m o n  for these conflicting daîa could be that pre- and psmiropausal 

women compared in these previous midies (13,25) wae not matched for total adiposity and 

regiod fat distribution. Niciclas et ai. (27) have ncently reporteci that an increased viscerd 

adipose tissue accumulation was associated with bigha rates of lipolysis in both subcutaneous 

abdominal and gluteai adipocytes, thus suggesting an important mle of regional fat distribution 

on the agenlateâ variation in adipose celî lipolytic anivity. 



Thetefore, the aims of the present study were i )  to examine whether regional variation persists in 

subcutaneous adipose tissue rnetabolism at menopause, and ii) to verify whether ditlierences in 

adipocyte metabolic activities between pre- and postmenopausal women would remain, once the 

concomitant variation in both adipose ceii size and body fat distribution is taken into account. 



MATERIAL AND METHODS 

Study subjecb 

Sixteen healthy Caucian, moderately overweight women were recruited through the media and 

gave their written inforxned consent to participate in this study, which was approved by the Laval 

University Medical Ethics Cornmittee. Eight pairs of subjects matched for both levels of 

subcutaneous abdominal adipose tissue (within 15 cm2) measured by computed tomography and 

for subcutaneous abdominai fat cell weight (within 0.02 pg lipidceil), but display iny marked 

ciifferences in age (premenopausd vs postmenopausal), were compared for potential differences 

in subcutaneous adipose ceii metabolimi. AU participants undenvent a physical examlliation by a 

phy sician, whic h included medical history . Subjects with cardiovascular disease, diabetes or other 

endoaine disorciers, or those on medication that could have potentiaily Sected blood pressure, 

glucose or lipid metabolism were excluded. AU women were sedentary (ie, they performed les  

than 30 min of exercise per week), non-smokers, moderate alcohol d caffeine consumers and 

theu body weights were stable at the t h e  of the study (ie, no subject had been involved in a 

weight loss program for the last six months). Women Who had undergone surgical menopause 

were excluded fkom the study. Subjects were considered to be postmenopausal if they had not 

menstruated for at least wo years, and if their plasma estraâiol concentrations were lower than 

120 pg/ml. None of them was taking or had ever taken hormonal replacement therapy. 

Premenopausal women had ngular menstruai cycles and none was using oral contraceptives or 

was Iactaiing at the time of the study. Al1 measurements were perfomed while they were in the 

early foilicular phase of the menstnial cycle. 

Body fatness and regionai fat distribution 

Body weight was taken with a standard beam sale. Body density was detennined by the 

undemater weighing technique and percent body fat was derived firom body density (28). 

Puimonary tesidual volume was measuted using the helium dilution method (29). Fat mass was 

caiculated from th Mved percentage of body fat and total body weight Fat-free m a s  was bien 

simply caiculated as the mbtraction of firt mass h m  total body weight Body density, fiu mass 

and fàî-fke mass are highly reproducible variables which show nliability coefficients gceater 

than 0.97 (30). Waist girth was meamed accordhg to the proccdurcs reco~nmended at the Airlie 



Conference (31). Lernieux et al. (32) have already reportecl that the coefficient of variation 

between two consecutive measurements of waist girth *'as wry Low (0.32%). Computed 

tomography (CT) was performed on a Siemens Somatom DRH çcanner (Erlangen, West 

Germany), according to the methodology previously described (33). Briefly, abjects were 

examined in the supine position with both arms stretched above the head. CT %ans were 

performed at the abdominal (between L4 and LS vertebrae) level, using an abdominal scout 

radiograph to establish the position of the scan to the nearest millimeter. Total adipose tissue 

(AT) areas were calculateci by deheating these areas widi a graph pen and then computing the 

AT d a c e s  with an attenuation range of -190 to -30 HU (34). Abdominal visceral AT area was 

detemiined by drawing a üne within the muscle wall sunounding the abdominal cavity. The 

abdominal subcutaneous AT area was calculated by subtracting the visceral AT area nom the 

total aWominal AT area. A high coefficient of reliability (r = 0.99) bas already ken reported by 

our group for the determination of subcutaneous and viscerd fat accumulation by CT (35). 

Adipose tissue biopsy procedure and lipoprotein üpase activity 

AAer an ovemight fast, women were subjected to biopsies of subcutaneous fat, one performed in 

the periumbilical region (abdominal site) and the other at the antenor midthigh level (femoral 

site). A d cutaneous incision (1 cm) was performed in both sites following local anesthesia (1 

% lidocaine, without epiwphrine) and about 350 mg of subcutaneous adipose tissue were 

surgically removed h m  the two fat &pots. Samples of approximately 100 mg of adipose t i w e  

from each region were immediately fiozen in iiquid nitrogen and stored at -80°C for later 

measwment of heparin-releasable LPL activity, according to Savard et al. (36). Adipose tissue 

lipoprotein Lipase (AT-LPL) activity was expresscd as micromoles of ke-fatty acids (FFA) 

released per hour per 106 cells. Since AT-LPL activity is associated with fat ceil size (36). AT- 

LPL was also expressed per cell surface area (ie, nanomoles FFA per hour per micrometer 

quand t h e s  10'). 

Adipocyte lipdyrir 

Sampks of approximately 250 mg of adipose t h e  nom each site were d for the 

measurrment of nit ceii lipolysis. Adipocytes were isolateci eccording to the method of Rodkll 

(37) in a Krebs-Ringa bicarbonate M e r  (pH 7.4) containing 4% bovine s c ~ n  dbumin 



(KRBA) and 5 m M  glucose, plus 1 mg/d coilagenase, as previously descnbed (36). Digestion 

took place in a shacing water bath d e r  an air gas phase of 95% 0 2  and 5% C02, for 40 min at 

37OC. The suspension was then Ntered and the cellular filtrate obtained was rinsed 3 times with 

Sm1 of KRBA. Isolated adipocytes were f d y  re-suspendeci in KRBA, in order to obtain a final 

concentration of approxirnately 1000 cells per 100 pl. 

Extracellular glycerol reiease was used as the indicator of adipocyte lipolysis. 100 pl aliquots of 

the continwusly stimd ce11 suspension were placed in 1.5 ml conical tubes. Two of these tubes 

were used for cell counting and &kg; two others containing 20 pi KRB were immediately 

placed on ice and provided an evaluation of the initial concentration of glycerol in the medium. 

Agents for lipolysis stimulation or inhibition were added just before the beguuillig of the assay in 

20-pi portions in order to &tain the desired naal concentration. M e r  a 2h incubation at 37OC in a 

shaking water bath, inda an air gas phase of 95 % O2 and 5 % C a ,  100 3 HC1 (IN) were added 

to aii tubes to stop the reaction, then 100 pl NaOH (IN) wae added to neutralize the medium. Al1 

tubes were stoppered and stored at -20' C until glycerol detemination according to Mauritge et 

al. (3 8). NADH concentration was measured by bioluminescence with a luciferase solution, using 

a 2250 Dynatech luminometer (1 7,18). For each concentration of stimulator or inhibitor agent, 

the arnount of glycerol was taken as the average of the quantities obtained h m  the two incubated 

tubes. Glycerol measurement by bioluminescence is very smsitive and especially well adaptd 

when ody mal1 amounts of adipose tissue are available (1 7,18,38). Mean adipose ce11 diameter 

was assessed fiom the measurement of at least 500 celis per site and per abject, using a Leitz 

microscope equipped with a graduated ocular (Rockleigh, NJ, USA). Because of the spherical 

shape and high lipid content of the adipocytes (95 %), both the adipose ce11 volume and surface 

atea can be calculateci h m  the man adipocyte diameter and the density of triolein (0.915 g h i )  

was used to transfocm adipose ceii volume into fat celi weight, as p~viously descrikd (39). 

The lipolytic activity of the isolated fét celis was asted with isoproterenol (non selective & 

agonist), UK-14304 (selective a2-ago~st), and epinephrine which is a mixed agonist (a2@) wïth 

a higher aff?nity for a2-adrenoceptor sites (16). Ascorbic acid (0.1 mrnoVI) was includd in the 



incubation medium in order to prevent catecholamine degradation. Some experiments were 

conducted with forskolin (dira t activator of adeny late cy clase), dibutyry 1-c yc lic AMP (stimulator 

of the protein kinase hormone-sensitive lipase cornplex and phosphodiesterase-resistant cyclic 

AMP analogue), theophylline (mainly inhibitor of cyclicGMP-inhibitecl phosphodiesterase, cGI- 

PDE) (1 7). When antilipolytic effects wre investigated, the incubation b a e r  was supplemented 

with 5 pg /d  adenosine deaminase (ADA) to remove adenosine released into the incubation 

medium by the isolated fit ceils, this procedure allowing better investigations of aZ-adrewceptor 

mediated antilipolytic effects (16,18,38). Lipolysis was expressed either per celi number (ie, in 

p o l  of glycerol/106 cells x 2 h) or p a  unit of celi d a c e  area (ie, in moi of glycero~pm2 x 10' 

x 2 h) in order to compensate for vanations in fat ce11 size (18,38). In cases where complete 

concentratiou-response curves wen obtained, they were compared for both nsponsiveness and 

sensitivity. The cesponsiveness was expressed as the difference ktween basal glycerol release 

and the üpolytic rate at maximum effective concentration of the agents tested (10' M 

isoproterenol or forskoiin, 10.' M dibutyryl-cyclicAMP or theophylüne). The fbadrenergic 

sensitivity was considered as the concenûatioa of isoproterenol giving half-maximal stimulation 

of lipoly sis @Ce), whereas the a2-adrenergic sensitivity was caiculated as the concentration of 

üK-14304 which produced wmaximal inhibition of lipolysis (ICA. Both m e  evaluated by 

logarithrnic conversion of each concentration-respow curve. The higher was the ECa 

(isoproterenol) or the ICN (UK-14304) value, the Lower was the - or the a2-adrenergic 

sensitivity, respectively. 

Oral glucose tolerrnce tut (OGT'I') 

A 7Sg OO?T was perfonned in the moming after an overnight fast. Blood samples were 

collecteci in tubes containing EDTA and Trasylol (Miles Pharxnaceutics, Rexdale, Ontario, 

C d )  thruugh a wnous catheter hm an antecubial vein at -15,0, 15,30,45,60,90, 120, 150 

and 180 min. Plasma glucose was measured enzymatically (40), whereas the plasma Uisulin 

concentmiion was âetermined by radioimmunoassay with polyethylene glycol spration (41). 

The total glucose and insutin areas d e r  the cuve Qriiig OOTT were caicuiated with the 

trapezoid~tbd. 



Plasma iipids and iipoproteiiw 

Blood samples were obtained in the moming d e r  a 12-h fast f?om an antecubital vein. 

Cholesterol (CHOL) and dglyceride levels in plasrna and lipoprotein fractions were rneasured 

enqmaticaliy on a RA4 000 automated analy zer (Technicon instruments Corporation, 

Tarrytown, NY) referenced to Centers for Disease Control (Atlanta, USA). Plasma very low 

density iipoproteins (VLDL, d < 1.006 g h i )  were isolated by ultra-ceneifugation (42), and the 

high density lipoprotein (HIIL) M o n  was obtained after precipitation of low demity 

lipoprotein (LDL) in the infianatant (d > 1.006 &ni) with heparin and MnCh (43). 

Dnigs and chemicals 

CoUagenase, bovine s ~ n  albumin, adenosiae deaminase, and enzymes for glycerol assays were 

obtained h m  Boehringer Mannheim (Cd). Ascorbic acid, theophylline, fordcoiin, dibutyryl- 

cyclicAMP, (-)isopmterenol bitartrate, (-)epinephrinc bitartrate and cold dolein were purchased 

from Sigma Chemical Co. (St Louis, MO, USA). ["CI-triolein was obtained from NEN Dupont 

(Canada). UK- 1 4304 (5-brorno-6-(2-imida~oLin-2-ylamino)-qWnoxaline) was generously 

provided fiom Dr DA. Faulkaer (Pfuer, Sandwich, England). AU other chemicals and organic 

solvents were of the highest purity grade commercially avaiiable. The same batches of hormones, 

pharmacological agents, collagenase and albumin were used in al1 experiments. 

Statistical metbodr 

Two subgoups of eight women displayhg both similar subcutaneous abdominai AT area 

meamred by Cï and fat ce11 size, but difiering in age, were compared. The Student's t-test was 

used for cornparison of antbropometric and metabolic variables between pre- and 

postmenopausaî women. The effits of age (Young vs miàâie-aged) and of adipose site 

(abdominal vs femoral) on adipose tissue lipolytic curves were tested by a two-way analysis of 

variance for npeated measUres. Post-hoc cornparisons were M e d  with a Student's t-test. AU 

statisticai analyses were performed using the J m p  S o h  3.2.2. from the SAS institute Inc. 

(Cary, NC, USA) aàapted for Macintosh cornputas. 



RESULTS 

Subjects ' ch amcterLÎn'cs 

Physical characteristics of our sample of moderately ovenveight women are presented in Table 1. 

As expected fiom the design, a significant diEerence was observed in the subjects' age (P < 

0.0001). However, neither the body mass index, nor fat mass differed among pre and 

postmenopausal women. Both groups also displaycd sirnilar viscerai and subcutaneous 

abdominaî AT areas measured by computd tomography, as well as comparable subcutaneous fat 

cell weights. A h ,  no regionai variation was found in adipose ceU size w i t h  both groups. 

Metabolic characteristics of subjects are show in Table 2. With the exception of plasma 

cholesterol and LDL-CHOL concentrations being significantly lower in pre- than in 

postmenopausal women (P < O.OS), the üpid-lipprotein profile did act differ between groups. In 

addition, m difference in fm plasma glucose and insuiin levels as well as in the 

corresponding responscs to an oral giucose load was found between pre- and postmenopausal 

women (Figure 1). 

Adipose tissue @oprolrln l@e (AT-LPL) uctr0vi@ 

As iilustrated in Figure 2, neither regional variation nor ciifference between groups was observed 

in AT-LPL activity, although it tended to k higher in pie- than in postmenopausal women (P 

values mging h m  0.06 to 0.09). Similar resuits were obtained when this enzyme activity was 

expressed per ce11 nurnber (not show). 

Insert Tables 1 and 2, Figures 1 and 2. 

Basal liwîvtic rate and ADA-stimuhhd liwlvth 

As shown in Figure 3, b d  lipolysis was mt significantly different between groups and arnong 

adipose regions. Addition of denosine &amhase (ADA) at 5 p g / d  increased the basal lipolytic 

rate by about 1.5 to 2 times in adipocyas of premenopausai women. However, the Ievel of 

glycaol relcasc achieved with this enzyme did mt seem to vaxy with the adipose region in 
a 

postmenopausai subjccts. Meai, although ADA-stimuiated adipose c d  lipolysis knded to k 



higher in pre- than in postmenopausai women, this ciifference did not reach statistical significance 

(P values mging fiom 0.06 to 0.09). 

In the presence of ADA, epinephrine (EPI) which is known for its mixed agonist (ai/B) 

adrenergic pmperties on lipolysk, initiated a similar biphasic responsiveness in al1 ce11 types 

(main effects for age Fi, 21 = 1.09, P = 0.3 1 ; main effects for site Fi, 2i = 0.98, P = 0.33) (Figure 

4). Inhibition of lipolysis was obmrved at the lowest concentrations (fiom 10" to lu7 M), this 

effect king completely ~versed at higher doses (fiom 104 to 10-' M) where the hormone exerted 

a iipolytic action, thus suggesting a differential recruitment of a2-, then of fbadrenoceptoa. 

lnsert Fi- 3 and 4. 

Selective a~ and &adrenerdc efftcts 

As epinephrine responsiveness results fiom both a2- and &a&enoceptor stimulation, selective 

adrenergic agonisis were w d  to discriminate between these two antagonistic effects. 

To study the influence of the a2-adrenoceptor compnent, the effect of the selective az-agonist, 

UK-14304, was tested on ADA-stiniulated lipolysis (Figure 5). UK-14304 exerted a sîmilar 

antilipolytic response in both p u p s  = 1.09, P = 0.3 1) and adipose sites (FiVi3 = 0.47, P = 

0.50). Mormver, the a2-adrenergic sensitivity estimateci as the hal'maximal antilipol ysis induced 

by UK-14304 (which clustend at 1 to 3 nM) was not si@cantly different among adipose 

depots and between the two matched groups. 

The e f k t  of the pagonist isopotaenol was as0 exarnined on basal lipolysis to characterize the 

&a&enoceptor component (Figure 6). Stimulation of lipolysis induced by iwprotemiol did m t  

ciiffer among adipose mgions (Fi2, = 2.91, P = 0.10) and between the two matched p u p s  (Fi2i 

= 0.47, P = 0.78). In addition, the fbadrenergic sensitivity denned as the concentration of 

isopmterenoL rcqulled fot hamaximal lipolysis (values ranghg h m  20 to 60 nM), was not 



sigaificantiy different, regardless of the anatomic location of fht and the subjects' age. Similar 

results WR observed for epinephrine-, isoproterenol-, and UK 14304-hduced lipolysis 

expressed per ce11 number (not shown). 

Insert Figures 5 and 6. 

Despite the lack of groupdifference in catecholamine responsiveness, the effects of agents that 

stimulate lipolysis at well-defmed pst-receptor levels were also investigated (Figure 7). For this 

purpose, adipose cells were incubated without ADA, in the presence of either DcAMP (1r3 M), 

forskolin (1 us M) or theophyllhe (W3 M). As acpected, there was no regionai variation, nor a 

ciifference between pre- and postmenopausal women, when lipolysis was stimulated with 

maximal concentrations of thex pst-adrenoceptor agents. 

Insert Figure 7. 



DISCUSSION 

The objective of the present study was to examine whether subcutaneous adipose tissue 

metabolism differed between pre- and postmenopausal women, after conml for the concomitant 

variation in body fatness and in adipose tissue distribution, an issue that bas not been addressed in 

previous studies (1325). To the best of our knowledge, our study documents for the nrst tirne 

that the early phase of menopause does not appear to be associateâ with major changes in the 

adipose ceil mobiiuiag a d o r  storage capacities, when compared to the premenopausai status. 

Postmenopausal wonm of the pnsent study were characterized by lower subcutaneous 

aôdocninai and viscd adipose tissue areas measwed by computed tomography, as compared to 

other shidies (27.44). Such a discrepancy could bc easily explaineci by the age and menopausel 

status of the participants, as women h m  the two latter studies were older than ow subjects. The 

similar adipose tissue lipoprotein Lipase activity found in subcutaneous abdominal and femorai 

depots of postmenopad women (Fig 2) is largely the cotlsequence of the absence of regional 

variation in h t  ce11 size that we observed in our group (Table 1). This finding is consistent with 

most (1 3,24,26,44), but not ail (25) previous findings. 

The gmilar biphasic epinephrine respow profile in aü ce11 types (Fig 4) probably reflects the 

interaction of the hormone with both types of adrenoceptors and supports the notion of the 

differential recruitment of a2- then of psites (16-18,38). 'These data suggest that hypertrophy of 

adipose ceUs which is commonly aswciated with an expanded adipose tissue mas  rather than 

age per se is a critical cornlate of the i n c r d  a2-adrenoceptor component in obesity (10,45). 

The absence of Merence in basal lipolytic rate, regatdless of either the adipose region or the 

group considacd, is consistent with the unaitered adenosine deaminase-stimulated lipolysis (Fig 

3). and agms with previous studies conducted on middle-aged men (46) and women (13,27). 

The tendency for a lower ADA-simulateci lipolysis in adipose cells of pst- vs premenopad 

women may xeflect a greater inhibition of Lipolysis by ademsine with aging, as dready suggested 

in old rats (47,48). Further studies are therefore d e d  to aâdress thïs issue. ûnce again, the 

fhding that tmai lipolysis did not vary among adipose regions and groups couid be explained by 



the sirnilac adipose ce11 size, as this variable was found to be highly correlated with basal glycerol 

release (9). On the other hanci, cornparison of epinephrine- or wproterenol-induced maximal 

lipolysis (at IO-' M) (Figs 4 and 6, respectively) revealed no regional variation, nor any group 

diffennce. This observation was M e r  strengthened by the similar iipolytic effect of agents 

acting selectively at the adenylate cyclase, the lipase-protein kinase A complex or the 

phosphodiesterase level (Fig 7), findings which are concordant with an unaltered pst- 

adrenoceptor iipolytic pathway. The obsenmtion that adipose ce11 lipolytic capacity was not 

imp~ured in postmenopausal women seems to be in contrast with previous observations (46.49). 

In these snidies, however, the decreased lipid mobilization, which may be Linked to a defect at the 

hormone-sensitive lipase level obsewed with aging, was probably due to the fact that middle- 

aged men had higher amounts of Msceral adipose tissue than young individuais. In the present 

study, pre- vs posimenopausal women had shilar levels of total and abdominal fat. These 

differences among studies anphnsize the importance of visceral fat accumulation as a critical 

cornlate of subcutaneous adipose œli Lipolysis (27). 

The k t  that postmenopausal women displayed higher plasma cholesterol levels (Table 2) has 

dready been observed by others, and the higher levels of LDL-CHOL accounted for most of the 

increased total cholesterol concentration commonly observed at menopause (1 9-23). The Iack of 

alterations in plasma uwlin and glucose levels with aging (Figure 2) may be partly explained by 

the design of our siudy as both groups of women M similar levels of viscerai adipose tissue. 

Indeeù, postmenopausal women characteriml by a large visceral AT deposition had higher 

plasma tinilh levels than Mddle-aged women displayhg a low intraabdominal fat accumulation 

(27). Thus, the increased viscerai adiposity which is generaiiy observed at menopaux appem to 

be an important facor for the mtebolic detenorations which occur in wornen during this pdod.  

However, the increase in LDL-cholestnol ievels that we observed with age, appears to be largely 

independent h m  the concomitant variation in adiposity, a finding that we have previously 

reported in both genâers (50). Although viscerd AT accumulation and its reiated metabotic 

dysfûnctions are associaîed with changes in circulating s x  steroid hormones, it is ciear that high 

andmgen levels are characteristic feahurs of intrrt-abdominal obesity in pr- and postmenopausai 

women, while the reverse situation is genedy hund in men (7,8,5 1). in this regard, whether i )  

the similsir visocral AT &position okrved in pre- and postmenopausai wornen may accouat for 



the lack of Merence in the Lipolytic capacity of subcutaneous abdominal adipocytes, or ii) a third 

factor related to visceral adipose tissue such as an altered sex steroid hormone profüe which 

could lead to alterations in subcutaneous adipose ceil metabolian is controlled by our matching 

procedure, is presently unknown. Based upon the fact that abdominal obese women are 

hyperandrogenic irrespective of their menopeusal status and that testosterone exerts a lipolytic 

action on subcutaneous adipose tissue (52), it seems reaso~ble to assume that our rnatching of 

pre- and posûnenopausal women for regional fat distribution may have also allowed us to 

"control" the eEect of sex steroids on adipose tissue lipolysis. Funher studies are, however, 

needed to test this hypothesis. 

Taken together, our data show that regional variation in subcutaneous adipose tissue 

metaboüsm is not obsexved in the early phase of menopause. In addition, once the concomitant 

variation in body fatness, M y  fat distribution and adipose celi size is taken hto account, our 

sample of pre- and postmenopausal women displays similar subcutaneous adipose tissue 

lipolysis and lipoprotein lipase activity. These results suggest that regional fat distribution is 

an important deteminant which should be considered when investigating age-related effects 

on adipose tissue metabolism in women. 
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Table 1. Physical cbarrderWlcs of the women. 

Premenopausal Postmenopawl 

(n = 8) (a = 8) 

Age Wem) 37 as 
Body weight (kg) 70 f 12 

BMI &dm2) 29 I 6  

Body fat (%) 39 f 10 

Fat m u s  (kg) 28f 10 

Fat-he mass (kg) 42f  5 

Waist girth (cm) 83f 11 

Adipoae tissue areas (cm2) 

Abdomen (L4-L5) 

Subcutaneous 

Visceral 

Regional fat celi weight (pg iipidceii) 

Abdominal 0.62 f O. 18 

Femoral 0.70 f 0.17 

Values are means I standard deviation (SD). BMI = body mass index. 

Statistical significance at *P < 0.0001. 



Table 2. Metaboüc profde of the women. 

Pnmenopausal Postmenopausal 
(n = 8) (n = 8) 

Fasting variabla 

Trigl ycerides (mmoY1) 

Cholesterol (mmoVI) 

LDL-CHOL (mmoüi) 

HDL-CHOL (mmoVI) 

Values are means f standard deviation (SD). 

CHOL: cholesterol; LDL: low density lipoprotein; HDL: high density lipoproteh 

Statistical si@icance at *P < 0 .OS. 



LECEMBS TO FIGURES 

Figure 1. Plasna glucose and insulin responses to a 75 g oral glucose tolerance test (OGTQ in 

pre- and postmenopausal women. Bars represent the area under the curve. Glucose areas are 

expressed in 10' m o  Wmin whereas insulin areas are expressed in 1 o - ~  pmo Wmin Values are 

means f standard enor (SE). 

Figure 2. Lipoprotein lipase &PL) activity in mbcutaneous abdominal and f ioral  adipose 

tissues fkom pre- vs pstmenopausal womea Values are means t standard error (SE) of 8 

experiments nm in duplicate. 

Figure 3. Basal lipolytic rate and adenosuie deamhase @DA)-stimulated lipolysis in 

subcutaneous abdominal and fernord adipocytes h m  pre- vs postmenopausal women. Values 

are means * SE of 8 a<paiments nia in dupücate. 

Fipre 4. Effect of epinephrine (EPI) on ADA-stirndated üpolysis in subcutaneous abdominal 

and femoral adipocytes from pre- vs postmenopausal women. Values are means f SE of 8 

experiments run in duplicate. Glycerol nlease was expressed as the Merence between 

stunulated (with epinephrine) and ôasai (ie, ia presence of 5 @ml of ADA) values. Negative 

values reflect inhibition of lipolysis. 

Fipre 5. UKl4304induced inhibition of ADA-Etimulated lipoly sis in nibcutaneous abdominal 

and fémoral adipocytes h m  pre- vs posûnenopausal women. Values are means f SE of 8 

experiments run in duplicate. Antilipolysis is given as the Merence between values in the 

presence of üK14304 and ADA values. Agonist concentrations required for haiGmaximal 

inhibition of lipolysis ( I C 3  were determined from these dose-response cuves. 



Figure 6. Isoproterenol (IS0)-induced lipolysis in subcutaneous abdominal and femoral 

adipocytes from pre- vs postmenopausal women. Fat cells were incubateci without ADA (ie. in 

standard conditions) and values are means t SE of 8 experiments run in duplicate. Agonist 

concentrations required for half'maximal stimulation of lipolysis (ECSo) were detennined fiom 

these dose-response cuves. 

Figure 7. Lipolytic responsiveness to pst-adrenoceptor agents of subcutaneous abdominai and 

femoral adipocytes h m  pre- vs postmenopausai women. Fat ceb were hcubated without AD& 

in the presence of either dibutyryl-cyclicAMP @CAMP) (lu3 M), forskolin (FK) (IO-' M) or 

theophylline (THEO) (10-3 M). Revious expehents revealed that the concentrations of the 

different h g s  used were maximally effective doses. Values are means f SE of 8 expriment5 

nin in duplicate and basal glycerol nlease has already k e n  subtracted. Lipolytic responsiveness 

was cdculated as the diffierence between lipolysis at m e u m  concentration of each agent minus 

basal lipolytic rate. 
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CHAPITRE 11 

LA DIMlNU77ON DE LA SENSI~IILITF g - ~ ~ ~ E ~ ~ ~ ~ l ~ ~ ~  DES ADlPOCYTES DU 

SITE SOUS-WTAM ABDOMINAL AGIT COMME MODULATEUR DE LA LIPÉMIE 

POSTPRANDIALE CHEZ LYfOMME 

L'article composant ce chapitre est intitulé: 

"Reduced a2-adrenergic sensitivity of subcutaneous abdominal adipocytes as a modulator of 

postpnuidiai Iipemia in men" 

(en révision à Jouml of Lipid Research) 



Cette étude examinait la lipémie postprandiale de deux groupes d'hommes présentant le même 

âge ainsi qu'un poids corporel et un profil de distribution de la masse adipeuse comparables. 

mais caractérises par une faible (n =Il)  vs une forte (n = 15) sensibilité a2-adrénergique (a2- 

AR) des adipocytes sous-cutanés abdominaux. L'activitd de la lipoprotéine lipase du tissu 

adipeux (TA-LPL) ainsi que celle de la LPL plasmatique posthdparinde (PH-LPL) ont 

également ét6 mesurées après une période de jeûne de 12 heures. Ces activités enzymatiques 

étaient similaires quel que soit le groupe. La réponse lipolytique maximale A I'isoprdnaline 

(agoniste &AR) et la sensibilitd @-AR des adipocytes sous-cutanés abdominaux ne différaient 

pas entre les deux groupes. L'agoniste a2-AR, UK-14304, a entraine une réponse 

antilipolytique similaire au sein des deux groupes. Cependant, la sensibilité a2-AR, définie 

comme étant la concentration bUK-14304 requise pour inhiber de moitié la lipolyse (ICJO), 

était significativement différente entre les groupes (P < 0.001). Les hommes caractdrisés par 

une faible vs une forte sensibilité a2-AR montraient des concentrations plasmatiques a jeun de 

triglycérides (TG) plus importantes. Dans le groupe entier, une relation positive fut observee 

entre l1ICSo de I'UK-14304 des adipocytes sous-cutanés abdominaux et des concentrations 

plasmatiques de TG (r = 0.39, P < O.OS), suggdrant qu'une faible sensibilite a2-AR 

antilipolytique est associde A des concentrations plasmatiques 6levées de TG. Suite à la 

consommation d'un repas riche en lipides, les individus caractécis6s par une faible sensibilité 

ai2-AR au niveau des adipocytes sous-cutanés abdominaux présentaient des taux de TG au 

niveau des fractions de 1ipoprotCines riches en triglyc&ides (TRL) totales-, de taille moyenne 

et petite supCrieurs A ceux des hommes caractdnsCs par une forte sensibilitf a2-AR 

adipocytaire (P variant de 0.05 à 0.01). Pami les variables independantes qu'étaient le poids 

corporel, le pourcentage de graisse, l'accumulation de tissu adipeux au niveau sous-cutané 

abdominal et vischi  ainsi que la sensibilité a2-AR des adipocytes sous-cutanés abdominaux, 

seules !es concentrations plasmatiques de TG f w n t  retenues comme Ctant le meilleur 

pddicteur de la variance (73%) de deaire sous la courbe des niveaux de TG de la fraction des 



TRL totales. En résumé, ces rdsultats indiquent qu'une réduction de la sensibilité arAR des 

adipocytes sous-cutanés abdominaux est associde à des concentrations plasmatiques de TG 

élevées pouvant ainsi entraîner des altérations au niveau de la mobilisation des TG 

postprandiaux. 
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Abstract 

This study exarnined the postprandial lipemia of two groups of men displaying similar age, 

body weight and regional fat distribution, but characterized by either low (n = 1 1) vs high (n = 

15) a2-adrenergic sensitivity of subcutaneous abdominal adipocytes. in addition to fat ce11 

lipolysis, adipose tissue lipoprotein lipase (AT-LPL) as well as postheparin plasma LPL 

activities were measured in the fasting state. Fasting AT-LPL and PH-LPL activities were 

similar in both groups. Maximal adipose ce11 lipolysis induced by isoproterenoi (p-adrenergic 

agonist) as well as the f3-adrenergic sensitivity did not differ beo~een both groups of men. The 

selective a2-adrenergic agonist, UK-14304, promoted a similar antilipolytic response in 

subcutaneous abdominal adipocytes fiom both groups. However, the a2-adrenergic sensitivity, 

defmed as the dose of CIK-14304 which produced haEmaxUnal inhibition of lipolysis (ICjO), 

was significantly different between groups (P < 0.0001). Men with low vs high subcutaneous 

abdominal fat ce11 a2-adrenergic sensitivity showed higher fasting TG levels. In the whole 

group, a positive relationship was observed between log transfomed IC50 UK-14304 values of 

subcutaneous adipocytes and fasthg TG levels (r = 0.39, p < O.OS), suggesting that a low 

abdominal adipose ce11 a2-edrenergic sensitivity is associated with high TG levels. Following 

the consumption of a high fat meal, subjects with Iow subcutaneous abdominal adipose cell 

a2-adrenergic sensitivity showed higher TG levels in total-, medium- and small-triglyceride- 

rich lipoproteins (TRL) fractions at O to 6h time points than men with high adipocyte az- 

adrenergic sensitivity (P values ranging fiom 0.0 1 to 0.05). Stepwise regression analysis 

showed that fasting TG concentration was the only variable retained as a significant predictor 

of the area under the c w e  of TG levels in total TRI, fractions (73% of variance) among 

independent variables such as body weight, % body fat, visceral and subcutaneous abdominal 

adipose tissue accumulation measmd by CT as well as subcutaneous abdominal fat ce11 a2- 

adrenoceptor sensitivity. Taken together, these results indicate that a reduced antilipolytic 

sensitivity of subcutaneous abdominal adipocytes to catecholamines may increase fasting TG 

levels which in tum play a role in the etiology of an impaired postpt8~dial TRL clearance in 

ment 



Keywords: adipose ceil lipolysis, lipase activities, regional fat distribution, lipoproteins. 



Introduc tioa 

Alterations in plasma lipid and lipoprotein levels are prominent features of obesity, especially 

abdominal obesity (1 -3). Indeed, individuals displaying a substantial accumulation of 

abdominal adipose tissue show greater plasma triglycerides (TG), very-low-density- 

lipoprotein (VLDL) and apolipoprotein (Apo)-B concentrations than nonobese pesons. These 

metabolic alterations probably result fiom an increased fne f a q  acid (FFA) flux to the liver 

and a major culprit seems to be visceral adipose tissue, since it is characterized by a high 

lipolytic activity and a low antilipolytic response to insulin (43). 

As q-adrenoce ptors inhibit and &adrenocep tors stimulate adipose tissue lipo l y sis (6,7), the 

fac t that subcutaneous adipocytes possess greater az- and lower B-adrenocep tors than visce r d  

fat cells explains in part their lower lipolytic capacity (8,9). Moreover, subcutaneous 

adipocytes do not display the same potential as visceral adipose cells to deliver FFA into the 

portal circulation due to their anatomical location. However, some in vitro studies have 

already underlined that subcutaneous fat ce11 lipolysis may also contribute to the development 

of metaboiic perturbations in abdominally obese patients. In this regard, Amer et ai. (1 0) have 

previously reported that low &-adrenoceptor sensitivity in subcutaneous abdominal fat cells 

was related to high plasma VLDL-TG and Apo-B levels. Furthemore, we have recently 

demonstrated that men with high femoral fat ce11 lipolysis (Le. a low a2-adrenergic 

component) were characterized by increased fasting plasma insulin, LDL-cholesrerol (C) and 

LDL-ApoB lcvels (II), suggesting that a high femoral adipose tissue lipolysis may be 

associated with an enhanced cardiovascular disease (CVD) risk profile in men. 

Evidences fiom in vivo studies have demonstrated that in the postprandial state, the enzyme 

responsible for adipocyte intracelluiar TG hydrolysis, hormone-sensitive lipase (HSL), is 

normaiiy suppmsed by M i n ,  whenas üpoproteh lipase &PL) is activated by this honnone, 

thus leading to FFA release wbich either enter the tissue for reesteiification and storage or an 

d e h d  into the systemic circulation (12). These coordinated changes appear important in 

the regulation of FFA movement and postprandial lipoprotein metabolism. However, to the 



best of out knowledge, no study has yet verified whether the antilipolytic efficiency (ie, the a2- 

adrenoceptor sensitivity) of subcutaneous abdominal fat cells measured in vitro could be 

associated with the fate of triglyceride-rich lipoproteins (TRL) in the postprandial state. 

Therefore, the aim of this study was to veri@ whether postprandial levels of various TRL 

fractions differ between two groups of men characterized by similar body fatness and regional 

fat distribution but displaying low vs high subcutaneous abdominal adipocyte az-adrenoceptor 

semi tivity . 



Research design and Metbods 

Subje~Is~ Twenty-six Caucasian men were recruited through the media and gave their written 

informed consent to participate in this study, which was approved by the Laval University 

Medical Ethics Committee. As two distinct clusters of men regarding their antilipolytic 

sensitivity of isolated subcutaneous abdominal adipocytes to UK-14304 (a2-adrenoceptor 

agonist) were observed, a low (n = 1 I)  and a high (n = 15) al-adrenoceptor sensitive groups 

have been compared in order to isolate the independent contribution of subcutaneous 

abdominal adipocyte antilipolytic sensitivity to postprandial lipemia. Al1 individuals 

underwent a medical evaluation by a physician, which included a medical history. Subjects 

with cardiovascular disease, diabetes mellitus, endocrine disorders, or those on medication 

which could have influenced triglyceride metabolism (Pblockers, antihypertensive dnigs, etc) 

were excluded fiom the study. Al1 participants were sedentary, non-smokers and moderate 

alcohol consumen. None had recently been on a diet or involved in a weight-reducing 

program, and their body weight had k e n  stable during the last six months pcior to the study. 

Total body fatness and regional fut distrib~tion~ Body density was determined by the 

underwater weighing technique and percent body fat was derived from body density (13). 

Pulmonary residual volume was measured using the helium dilution method (14). Fat mass 

was calculated as total body weight minus fat fm mass. Waist girth was measured according 

to procedutes recomended at the Airlie Conference (15). Computed tomography (CT) was 

perfomed on a Siemens Somatom DRH scanner (Erlangen, Germany), according to the 

methodology previously descnbed by Sjostr(lm et al. (16). Briefly, subjects were examined in 

the supine position with both arms sûetched above the head. CT scans were perfomed at the 

abdominal (between L4 and LS vertebrae) level, using an abdominal scout radiograph to 

establish the position of the sans to the nearest millimeter. Total adipose tissue (AT) areas 

were calculated by delimathg the abdomen with a graph pea and then computing AT surfaces 

with an attenuation range of -190 to -30 Hounsfield units (HU) (1 7). Abdominal nsceral AT 

area was measund by drawing a iine within the muscle wall sunounding the abdominal 

cavity. The abdominal subcutaneous AT area was calcuiated by subtractiog the visceral AT 

area h m  the total abdomirat AT m a .  



Oral lipid toferance test. Afier a 12-h ovemight fast, an intraveneous catheter was inserted 

into a foreann vein for blood sarnpling. Each participant was given a test meal containing 60 g 

fa& body sutface area and 60000 IU of vitamin A (Aquasol A; Astra, Westborough, MA) 

(18). The meal consisted of eggs, cheese, toast, peanut butter, peaches, whipped crearn and 

milk. Composition of the meal was 64% fat, 18% carbohydrate and 18% protein. The test meal 

was well tolerated by ai l  subjects. Aftcr the meal, subjects were not allowed to eat for the next 

8 h but were given fiee access to water. Blood samples were drawn before the meal and every 

2 h after the meal over an 8-h period; samples were handled in a d i m e d  light to avoid 

deterioration of vitamin A* 

Adipocyte isolation and I@o&sis. After an ovemight fast, participants underwent a biopsy of 

subcutaneous fat in the periurnbilical region. A small cutaneous incision (1 cm) was performed 

in the abdominal site foiiowing local anesthesia (1% lidocaine, without epinephrine) and about 

350 mg of subcutaneous adipose tissue were surgically removed fiom the fat depot. 

Samples of 250 mg of adipose tissue were used for the meamernent of fat ce11 lipolysis. 

Adipocytes were isolated according to the method of Rodbell (19) in a Krebs-Ringer 

bicarbonate buffet (pH 7.4) (KRB) containing 4% bovine serum aibumin and 5 mM glucose 

(KRBA), plus 1 mg/ml collagenase, as previously described (20). Digestion took place in a 

shaking water bath under an air gas phase of 95% 4 and 5% COz, for 40 min at 37'~. The 

suspension was then filtered and the cellular filtrate obtained was rinsed 3 times with 5 ml 

KRBA. Isolated adipocytes were finally re-suspended in KRBA, in order to obtain a final 

concentration of approximately 500 cells per 50 pl. 

Extracellular glycerol nlease was used as the indicator of adipocyte lipolysis. 50 @ aliquots of 

the continuously stimd cell suspension were placed in 1.5 ml conical tubes. Two of these 

tubes were used for ce11 counting and sizing; two othets containing 10 pl KRB were 

immediately placed on ice and provided evaluation of the initial concentration of glycerol in 

the medium. Agents for lipolysis stimulation or inhibition were added just before starting the 

incubation in 10 pl portions in order to obtain the desired fmal concentration. M e r  a 2h 

incubation at 3 7 k  in a shaking watet bath, under 95% 9 and 5% CO2 gas phase, 50 pl HCl 



(IN) were added to ail tubes to stop the reaction, then 50 pl NaOH ( I N )  were added to 

neutralize the medium. Al1 tubes were stored at -20 '~  until glycerol determination and NADH 

concentration was measured by bioluminescence with a luciferase solution, using an 

automated 2250 Dynatech luminometer (20,21). For each concentration of stimulator or 

inhibitor, the amount of glycerol was taken as the average of the quantities obtained from the 

two incubated tubes. Glycerol measurement by bioluminescence is very sensitive and 

especially well adapted when only small amounts of adipose tissue are available (20,21). 

Adipose ce11 diarneten were detennined using a Leitz microscope equipped with a graduated 

ocular (Rockleigh, NJ, USA). Mean fat ce11 diameter was assessed fiom the measurement of at 

least 500 cells, and the density of triolein was used to transform adipose cell volume into fat 

ce11 weight, as pnviously described (22). 

The lipolytic activity of the isolated fat ceells was tested with epinephrine which is a mixed 

agonist (az/f3) with a higher affinity for a*- than for padrenoceptor (AR) sites (8). UK-14304 

(selective 9 A R  agonist), isoproterenol (non selective $-AR agonist) (2 1). Ascorbic acid (0.1 

m o M )  was included in the medium in order to prevent catecholamine degradation. When 

antilipolytic effects were investigated, the incubation buffer was supplement with 5 pg/d 

adenosine deaminase (ADA) to rernove adenosine nleased into the incubation medium by the 

isolated fat cells, this procedure allowing better investigations of a2-AR mediated antili polytic 

effects (20.21). Lipolysis was expressed either per ce11 nurnber (ie, in pmol of glycero~106 

cells x 2h) or per unit of ce11 surface area (ie, in nmol of glycero~pm' x 10' x 2h), the latter 

mode of expression k ing  used to correct for variation in fat ce11 size which is well-known to 

infiuence the rate of lipolysis (21). In case where complete dose-response curves were 

obtained, they were compared for both responsiveness and sensitivity. The responsiveness was 

expressed as the difference between basal glycerol refease and the lipolytic rate at maximum 

effective concentration of the agents tested (1 ws M isopmterenol or forskolin, 1o03 M dibutyryl 

CAMP or theophyliine). The fhadnnetgic sensitivity was considered as the concentration of 

isoproterenol giving half-maximal stimulation of Lipolysis (ECs0), wheteas the a2-adrenergic 

sensitivity was caicuiated as the dose oPK-14304 which pioduceà h&maximai inhibition of 

lipolysis (Ica). Both were evaluated by logarithmic conversion of each dose-response cwe .  



The higher was the ECs (isoproterenol) or the ICs (UK-14304) value, the lower was the or 

the a2-adrenergic sensitivity, respectively. 

Adipose tissue lipoprotein lipase (AT-LPL) activily. Samples of approximately 100 mg of 

adipose tissue from the abdominal site were Unmediately fiozen in liquid nitrogen and stored 

at -80°c. Heparin-releasable LPL activity was measured within one month of fieezing storage, 

according to Savard et al. (23). AT-LPL activity was expressed as micromoles of fiee-fatty 
6 

acids (FFA) released per hour per 10 ceiis. Since AT-LPL activity is associated with fat ce11 

silc (23,24), AT-LPL activity was also expressed per ceil sunace area (ie, nanomoles FFA per 

hour per micrometer sq-d times 10). 

Pustheparin plasma LPL (PH-ISL) activily. Plasma LPL activity was measured on one 

occasion afkr a 12-h ovemight fast, 10 min after an intravenous injection of heparin (60 IUkg 

body weight). The lipase activity was measured using a modification of the method of 

Nilsson-Ehle and Ekman (25), as previously described (26), and expressed as nanomoles of 

oleic acid released per milliliter of plasma per minute. 

Fasfing and postprandial plasma fipoprotein concentrations. Plasma was se parated 

immediately after blood collection by centrifugation at 3000 rpm for 10 minutes at 4OC and 

placed in a l e n i u m  foi1 wrapped tubes. Triglyceride and cholesteroi concentrations in total 

plasma were deterrnined enzymatically on a RA-1000 Auto-Analyzer (Technicon Instruments 

Corporation, Tarrytown, NY), as pnviously described (27). Each plasma sample (4 ml) was 

then subjected to a 12-hour ultracentrifugation (50 000 rpm) in a Beckman 50.3Ti rotor (Palo 

Alto, CA) at 4OC, in 6 ml Beckman Quickseal tubes, which yielded two fractions: the top 

fraction containhg TRL (d < 1.006 g/ml; TOTAL) and the bottom fiaction consisting of 

triglycende-poor lipoproteins (d > 1.006 %ml). Using the distilled water layering technique 

and modined method of Ruotolo et al. (28), the TOTAL-TRL fiaction was m e r  sepmteâ, 

by a 5-minute spin (40 000 rpm) at 4OC using the same tubes and rotor, into three subclasses 

of TRL namcly: LARGE, MEDIUM, and SMALL. A small volume (100 pl) of a d = 1.019 

g/ml saline solution was ad& to the TOTAL-TRL fiaction to facilitate -ter layering. nie 



LARGE-TRL fraction was collected by tube slicing and made up to a fmal volume of 1 ml 

with OMM NaCl. The next 3 ml of the middle layer were collected by aspiration as 

MEDIUM-TRL and the final 2 ml were considered as the SMALL-TRL fiaction. HDL 

particles were isolated fiom the bottom fraction (d > 1 .O06 g / d )  after precipitation of apo B- 

containing lipoproteins with heparin and MnClz (29). The triglyceride and cholesterol contents 

of each fraction, e.g. LARGE, MEDIUM and SMALL-TRL as well as HDL, were quantified 

on the Auto-Analyzer. Al1 lipoprotein isolation procedures were cornpleted within 2-3 days of 

the fat load, and samples protected fkom light at al1 times for later assays. Plasma FFA levels 

were measured at 0,2,4,6 and 8 h o m  using a colorimedc method (30). 

Glucose and imulin concentrations. Fasting and postprandial plasma glucose levels were 

determined using the glucose oxidase assay (31) (Sigma, St-Louis, MO). Plasma insulin 

concentrations were measured by a commercial double antibody radioimmunoassay (Linco 

Research, St-Louis, MO) that shows little cross-reactivity (< 0.02%) with pro-innilin (32). 

Retinyl palmitate (RF) meusuremen&. As ntinyl esters, predominantly RP, serve as useful 

estimates of the intestinally derived component of postprandid lipernia, the RP content of 

TOTAL as well as of LARGE, MEDIUM and SMALL-TRL fractions was analyzed using 

high-performance liquid cluomatography (HPLC) as previously described (28). Briefly, 

aliquots of 100 pl of TOTAL and LARGE-TRL as well as 500 pl of MEDIUM and SMALL- 

TRL were used for the analysis. The volume of total and LARGE-TRL fractions was adjusted 

to 500 pl with 0.15M NaCl. A volume of 200 pl of retinyl acetate (RA; 200 @ml; SIGMA, 

St-Louis, MO) was added to each sample as intemal standard. The extraction of RP from the 

samples was obtained by addition of 500 ml of methanol followed by 500 pl of mobile phase 

buf5er prepared fiom 90 ml of hexene. 15 ml of n-butyl chloride, 5 ml of acetonitrile and 0.01 

ml of acetic acid (82:13:5 by volume with 0.01 ml of acetic acid). Tubes were mixed 

thoroughly &et each addition step. Al1 solvents used were HPLC graded (Caledon 

Laboratones Ltd., Georgetown, Ontario, Canada). Samples were then centrifuged for 15 

minutes at 1500 rpm (room temperature). This procedure yielded two distinct phases. The 

upper phase, containhg the RP and RA, was carefûlly removed and placed in separate 

autosampler vials. Vids were then placed in an autosamplet nom Shimadzu Corporation 



(Kyoto, Japan) and samples analyzed with a HPLC system fiom Waters (Waters Associates, 

Milford, MA). The RP and RA peaks were detected at 325 m. The RP concentration (in RA 

equivalent) of every fraction was calculated according to the equation of Ruotolo et al. (28). 

RP (ng Wml) = (RP peak area/RA peak area) x (l/volume of sarnple used) x 40 ng RA 

Drugs and chemiculk. Collagenase, bovine serum albumin, ADA and enrymes for glycerol 

assays were obtained fiom Boehnnger Mannheim (Canada). Ascorbic acid, theophylline, 

fonkolin, DcAMP, (-)-isoproterenol bitartrate and (-)-epinephrine bitartrate and cold triolein 

were purchased h m  Sigma Chernical (St-Louis, MO, USA). "c-triolein was obtained from 

Dupont NEN (Canada). 5-Bromo-6-(2-imidazolin-2-ylamino)quino~ (UK- 143 04) was 

genemusly provided by Dr. D.A. Faulkner (Pfizer, Sandwich, UK). Al1 other chemicals and 

organic solvents were of the highest purity grade comrnercially available. The same batches of 

hormones, phmacological agents, collagenase and albumin were used in al1 experirnents. 

StatrSthl anaiyses. The Student's t-test was utilized for cornparisons between men with low 

and hi& subcutaneous abdominal adipocyte a*-adrenergic sensitivity. Associations betweea 

two variables were quantified by Pearson's product-moment correlation coefficients. Stepwise 

multiple cegression was also perfomed to enhance predictability of fasting TG levels and 

areas under the curve (AUC) of TG. Analysis of variance for repeated measures was used to 

ver@ the overall diffennces in total-, large-, medium- and small-TRL fractions over t h e .  

The same procedure was perfocmed with plasma insulin, glucose and FFA concentrations. The 

AUC of TG, glucose, insulin, FFA and RP were determined by the trapezoid method. All 

analyses were perfomed using the J m p  version 3.2.2 program (SAS Institute inc., Cary, NC) 

adapted for Macintosh cornputers. 



Results 

Physical characteristics and fasthg metabolic variables of both groups are presented in Table 

1. Men with high or low subcutaneous abdominal adipocyte a2-adrenoceptor sensitivity 

displayed similar age, body weight, fat mass and regional adipose tissue distribution measured 

by CT. Moreover, no difference in subcutaneous abdominal fat cell size was observed between 

groups. Men with high subcutaneous abdominal adipocyte a2-adrcnoceptor sensi tivi ty showed 

lower fasting plasma TG levels than men with low adipose cell a2-adrenoceptor sensitivity (P 

< 0.0 1). However, fasting plasma insulin, FFA and glucose levels were similar in both groups. 

Insert Table 1 

AT- and PH-LPL activities did not differ between men with low vs high al-adrenoceptor 

sensitivity (Figure 1). Moreover, neither the basal lipolytic rate nor the ADA-stimulated 

lipolysis was significantly different between groups (Figure 2). As shown in Figure 3A, the 

effect of epinephrine, which is known for its mixed agonist (az@) properties on lipolysis was 

examined in the presence of ADA. The catecholamine initiated a similar biphasic response 

profde in subcutaneous abdominal adipocytes fiom both groups: antilipolysis was observed at 

low concentrations (W9 to 10,' M), this effect being cornpletely reveaed at higher doses at 

which the hormone exerted a lipolytic response (104 to 10'~ M), thus suggesting a differential 

recniitment of a2-, then of ~adrenocepton. 

Insert Figures 1 and 2 

In order to characterize the aZ-adrenoceptor component, the selective ar-agonist, UK- 14304, 

was also tested on MA-stimdated lipolysis (Figure 38). A similar antilipolytic effect was 

observed in subcutaneous abdominal adipocytes from both groups. However, the a20 

adrenergic sensitivity estimated as the half-maximal antilipolysis induced by CTK-14304 

was significantly different between groups (P < 0.001) (Figure 4). indeed, men with high 



subcutaneous abdominal fat ce11 a2-adrenoceptor sensitivity showed a 16-fold lower ICw, value 

than men with low az-adrenoceptor sensitivity. In the whole group, a positive relationship was 

observed between log transformed ICs0 (UK-14304) values and fasting TG Ievels, suggesting 

that a 10 w subcutaneous abdominal adi pocyte a2-adrenoceptor sensitivity was associated with 

high TG levels (r = 0.39, P < 0.05) (not shown). 

To study the Muence of the &adnnoccptor cornponeat, the lipolytic effect of the p-agonist 

isoproterenol was also examined on basal lipolysis (Figure 3C). No difference in the maximal 

lipolytic response to isoproterenol (defmed at 10-~ M) was observed between groups. 

Moreover, the $-adrenergic adipose cell lipolytic sensitivity was similar in both groups (22 f 9 

vs 51 f 21 nM in men with high vs low a2-adrenoceptor adipocyte sensitivity). 

ben Figures 3A, 3B,3C and 4 

Figure 5 shows TG concentrations in total- as well as in large-, medium- and small-TRL 

fiactions before and after the consumption of the high fat meal. Men with high subcutaneous 

abdominal adipocyte a2-adrenoceptor sensitivity displayed lower values of total-, medium- 

and small-TM, fractions at O to 6h time points than men with low abdominal adipocyte 

antilipolytic sensitiviv (P values ranging from 0.0 1 to 0.05). However, no difference between 

groups was observed in the respective response above baseline values (AUIC) of the TRL 

hctions. 

Changes in RP over the meal in total- as well as in large-, medium- and small-TRL fractions 

are presented in Figure 6. Although some group differences were observed in RP of large and 

medium TRL hctions, no difference in RP contained in total and small TRL fraftions was 

observed between men with high vs low subcutaneous abdominal adipocyte a2-aârenoceptor 

sensitivity. Both groups of men dso showed similar RF AUIC for al1 TRL fractions. 

Moreover, postprandial insulin, glucose and FFA levels were similar in both groups (not 

shown). 



Insert Figures 5 and 6 

To estimate the respective contribution of regional adiposity and subcutaneous abdominal 

adipocyte al-adrenoceptor sensitivity in accounting for variance in the AUC of TG levels in 

total TRL fnictions, stepwise multiple regression analysis was perfonned. Our model included 

body weight, % body fat, visceral and subcutaneous abdominal adipose tissue accumulation 

measured by CT, fasting TG concentration as well as subcutaneous abdominal fat ce11 a2- 

adrenoceptor sensitivity. Fasting TG concentration was the only variable retained in the model 

and accounted for 73% of the variance in the AUC of TG levels in total TRL fractions (P < 

0.0001) (not shown). 



Discussion 

Results of the present study suggest a potential role of subcutaneous abdominal adipocyte az- 

adrenoceptor sensitivity in the etiology of altered postprandial lipemia. Indeed, men with low 

antilipolytic efficiency showed higher fasting TG levels which therefore impaired postprandial 

metabolism following the ingestion of a nch fat meal compared to men with a high adipose 

ce11 sensitivity to an a2-adrenoceptor agonist. This finding is reinforced by the perfect control 

of factors which could have contributed to adipose tissue lipolysis variation or postprandial 

lipemia between our groups such as age, body fat, visceral adipose tissue accumulation and 

subcutaneous fat ce11 size. 

We have recently demonstrated that an excess of visceral adipose tissue accumulation was 

associated with an impaired postpcanâial TRL clearance in men (33). The important flux of 

FFA to the liver fiom visceral adipocytes is a well-known conelate of this postprandial 

metabolic alteration. Although subcutaneous abdominal adipocytes do not present the same 

capacity than visceral fat cells to deliver FFA into the portal circulation (5,8,9), large 

subcutaneous abdominal adipocytes have aiso been reported to alter the metabolic risk profile 

in men (34). The rationale behind this finding was that large adipocytes are generally 

characterized by a high lipolytic rate (20,35,36) which could lead to an increased adipocyte- 

hepatocyte FFA flux and therefore to metabolic disturbances. The moa striking feature of the 

present study was the significant contribution of subcutaneous abdominal adipocytes to fasting 

and therefore to postprandial metabolism of TRL fractions, even afker controlling for both fat 

ce11 size and visceral adipose tissue accumulation. From a clinical standpoint, al1 these data 

suggest that an individual with a high visceral fat deposition and a low a2-adrenoceptor 

subcutaneous abdominal adipocyte sensitivity may be at greatet risk for alteration of 

postprandial lipemia 

We found that subcutaneous abdominal adipose ce11 lipolytic response was similar after 

stimulation of either al- or 8-adrenoceptors in both groups of men. The B.adrenergic 

sensitivity was also comparable between men with low vs high subcutaaeous abdominal 



adipocyte al-adrenoceptor sensitivity. Taken together, these results suggest that the difference 

between groups observed in the subcutaneous abdominal adipocyte a2-adrenergic sensitivity 

reflects principally alterations in hormone action that are located at/or near the az- 

adrenoceptor level(35). Since a selective aradrenergic stimulation promotes antilipolysis, it 

is possible that at given low catecholamine concentrations, subjects with low subcutaneous 

abdominal adipocyte a2-adrenergic sensitivity display a greater fasthg FFA release than men 

with high adipose ce11 a2.antilipolytic sensitivity. Consequently, an inappropriated elevated 

FFA availability might result in an increased esterification of FFA and a reduced hepatic 

degradation of apolipoprotein B, leading to an increased synthesis and secretion of VCDL 

particles. This mode1 is supported by the high fasting TG levels observed in men with iow 

subcutaneous abdominal adipose ce11 a2-adrenergic sensitivity. These results are in good 

accordance with a previous study showing that an acute elevation of plasma FFA stimulates 

VLDL production in humaas (3 7). 

In the postprandial phase, men with low abdominal adipose ce11 al-adrenergic sensitivity 

could also be characterized by an impaired suppression of HSL activity, resulting in a 

continued FFA release at a time when FFA mobilization might be substantially reduced in the 

high a2-adrenergic sensitivity group. This increased FFA availability could, once again, 

contribute to the reduced clearance of TRL fractions observed in subjects with low az- 

adrenergic sensitivity. To some extent, these results are concordant with a previous in vivo 

study reporting that adipose tissue HSL activity of obese subjects fails to respond to insulin in 

the pos~randiai state, a potential maladaptation in terms of lipoprotein metabolism and risk 

for coronary heart disease (38). On the bais of our results, we cannot exclude that the NI vitro 

antilipolytic response of subcutaneous abdominal adipocytes to insulin was different between 

our groups. Furthei studies are needed to investigate this issue. 

Another important factor explainhg the release of FFA in the postprandial state is the 

chylomicron hydrolysis by the action of LPL in adipose tissue capillaries. As previously 

proposed, a g d  proportion of FFA release in the postprandial pend originates fiom this 



pathway rather than h m  the intracellular action of HSL (12). Based on studies conducted by 

his tearn, Frayn (39) has suggested that FFA generated by LPL will flow into adipocytes only 

if the concentration gradient is in the appropnate direction. In other words, after an ovemight 

fasted state, when HSL is most active, LPL-derived FFA are principally released hto plasma. 

On the other hand, in the fed state, HSL activity is suppressed by insulin and this may favor 

entrapment by adipose tissue of LPL-derived FFA, leading then to fat store replenishment. 

Based on these evidences, the regdation of HSL activity appears an important deteminant of 

the fate of LPL-derived FFA. Our results showed that men with low adipose ceil a2-adrenergic 

sensitivity display similar fasting AT-LPL as well as PH-LPL activities than men with high 

adipocyte a2-adrenergic sensitivity. Moreover, both groups of men did not show any 

difference in basal lipolysis, a weU-know determinant of HSL activity (40,41). Postprandially, 

out results are concordant with the abve  Frayn's group hypothesis (12). Indeed, men with low 

abdominal fat ce11 a2-adrenergic sensitivity might be characterized by an inappropriate release 

of FFA into the circulation due to their expected lower HSL activity suppression induced by 

the meal. That no difierence between groups was observed in postprandial plasma FFA levels 

may be explained by the fact that FFA are rapidly taken up by hepatocytes and induce hepatic 

VLDL production which, in tum, alters postprandial lipoprotein clearance, as previously 

reported (42). Another recently discovered adipose tissue regulator of postprandial FFA 

metabolism which might have an impact on our observations is the acylation stimulating 

protein (ASP) (43). Indeed, ASP production in adipose tissue has recently been related to 

postprandial TG clearance and uptake of FFA into adipocyte (44). 

Regardhg TRL RP concentrations, it is tempting to speculate that high fasting TG levels 

found in the low fat ce11 a2-adrenergic sensitivity group may be the iesuit of the stimulation of 

hepatic VLDL-TG secretion several hours after meal ingestion. Indeed, the increased TG 

levels in small TRL observed in men with low adipose ce11 az-adrenergic sensitivity was not 

accompanied by a higher Ri? concentrations in this TRL fraction, as compared to men with 

high adipocyte a2-adrenetgic sensitivity. This observation supports the fact that TG from 

endogenous TRL, pcesumably VLDL particles, account for most of the increase in small-TRI, 

TG levels obsesved late t h u g h  the postpraadial period (33.42). 



In conclusion, the present study shows that men with low subcutaneous abdominal adipose 

ceii a2-adrenergic sensitivity show elevated postprandial TG concentrations as compared to 

men with high adipose ce11 a2-adrenergic sensitivity. This difference is mainly due to the fact 

that a reduced subcutaneous abdominal adipose ce11 aradrenergic sensitivity may increase 

fasting TG level which in tum is an important predictor of postprandial TG concentration. 

These results confer to subcutaneous abdominal adipose ce11 al-adrenergic sensitivity an 

indirect role in the regulation of postprandial lipemia via its impact on fasting TG levels. 
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Legends to figures 

Fiewe 1 

Adipose tissue lipoprotein lipase (AT-LPL) activity of subcutaneous abdominal region as well 

as postheparin plasma LPL activity in men with hi& vs low subcutaneous abdominal adipose 

ce11 a2-adrenergic sensitivity . Values are means f SE. 

F&ue 2 

Basal lipolytic rate and adenosine deaminase (ADA)-stimulated lipolysis in isolated 

adipocytes from the abdominal region of men with high vs low subcutaneous abdominal 

adipose celi a2-adrenergic sensitivity. Values are means I SE. 

Finure 3A 

Effect of epinephrine (EPI) on adenosine deaminase (ADA)-stimulated lipolysis in 

subcutaneous abdominal adipocytes of men with high vs low subcutaneous abdominal adipose 

ce11 a2-adrenergic sensitivity. Values are means f SE. Glycerol release was expressed as the 

difference between stimulated (with EPI) and ADA values. Negative values reflect inhibition 

of lipolysis. 

Fimue 3 8  

UK14304-induced inhibition of ADA-stimulated lipolysis in subcutaneous abdominal 

adipocytes of men with high vs low subcutaneous abdominal adipose ce11 a2-adrenergic 

sensitivity. Values are means I SE. Fat cells were incubated in the presence of ADA (5 

pglml). Antilipolysis is given as the dflerence between values in the presence of UK and 

ADA values. Agonist concentrations required for half-maximal inhibition of lipolysis (ICJa) 

were determined fiom these dose-response curves. 



F&R 3ç 

Isopmterenol (IS0)-induced lipolysis in subcutaneous abdominal adipocytes of men with high 

vs low subcutaneous abdominal adipose cell a2-adrenergic sensitivity. Fat cells were 

incubated without ADA and values are means t SE. Agonist concentrations required for half- 

maximal stimulation of lipolysis (ECSo) were detennined from these dose-response curves. 

Figure 4 

Individual values of subcutaneous abdominal adipocyte a2-adrenoceptor sensitivity of high or 

low sensitive men. Significant difference between groups at $ P < 0.0001. Horizontal lines 

represent mean values. 

m e  5 

Postprandiai triglyceride concentrations of total, large, medium and srna11 TRL in men with 

high (open symbols; n = 15) vs low (filled symbols; n = 11) subcutaneous abdominal 

adipocyte padrenoceptor sensitivity. Bars represent the areas under incremental curves 

(responses) of each subgroup. Data are means F SE. Significant diffennce between groups at 

* P < 0.05, f P < 0.01. 

mure 6 

Postprandial RP concentrations of totai, large, medium and small TRL in men with high (open 

symbols; n = 15) vs low (filled symbols; n = 11) subcutaneous abdominal adipocyte ar- 

adrenoceptor sensitivity. Bars represent the areas under incrementai curves (responses) of each 

subgroup. Data are meaas f SE. Significant diEference between groups at * P c 0.05. 



Table 1. Physical characteristics and fasting metabolic profile of men with high or low 

subcutaneous abdominal adipocyte al-adrenoceptor sensitivity. 

Subcutaneous abdominal rdipocyte 
a2-adrenoceptor sensitivity 

Hi& (n = 15) Low (n = 11) 

Age & e w )  4 5 I 1 0  4 8 i I l  

Body weight (kg) 90f 16 864: 11 

BMI (kg/m2) 30 t 5 39f 3 

Fat mass (kg) 24 k 10 24 1 7 
% body fat 26f 7 27 f 5 
Abdominal adipose tissue areas (cm2) 

Subcutaneous 291 f 109 260 f 57 
Viscerd 169 f 50 159 I 39 

Abdominal fat ce11 weight (pg 0.56 f 0.12 0.56 f 0.1 1 
lipidfcell) 
Tnglycerides (mmoül) 2.0 + 0.7 3.4 f 1.8 t 
FFA (mrnoüi) 0.7 * 0.1 0.8 f 0.1 
Insulin (pmoVI) 106 f 45 104 f 43 
Glucose (mmolil) 5.2 I 0.5 5.2 f 0.7 

Data are means f SD 

BMI = body m a s  index; FFA = free fatty acids 

Significant difference between groups at t P c 0.01. 
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CHAPITRE 12 

LA S77MUUï7ON UPûL WQUE &ADR~NERG/QUE DES AOlPOCMES DU 

SITE SOUS-CUTANI! ABDOMINAL AGIT COMME &TERM/#A#~ DE 

r #OXYDA no# L~PIOIOUE CHEZ L ~ ~ M E  OB& 

L'article composant ce chapitre est intituie: 

"P-adrenoceptor-stimuiated lipolysis of subcutaneous abdominal adipocytes as a determinant 

of fat oxidation in obese men" 

(European Journal of Clinical Investigalion 30; 290-296,2000) 



Afui de vérifier si une altération de la capacité lipolytique des adipocytes sous-cutanés pouvait 

contribuer à une faible oxydation lipidique, les relations entre la lipolyse d'adipocytes isolés à 

partir des sites sous-cutands (SC) abdominal et fémoral et le quotient respiratoire (QR) de 20 

sujets obéses ont été étudiées. La réponse lipolytique maximale ii I'isoprénaline était plus 

élevte au niveau des adipocytes SC abdominaux que fémoraux (P < 0.0 1). Par ailleurs, aucune 

différence régionale ne fut observée au niveau de la lipolyse stimulée par les agents 

postrécepteurs. La rdponse lipolytique maximale l'isoprdnaline des adipocytes du site 

abdominal, mais non fdmoral, était inversement reliée au QR (r = -0.61, P < 0.01) et 

positivement corrdlde ii l'oxydation lipidique (r = 0.57, P < 0.01). L'effet lipolytique maximal 

de l'isoprdnaline au niveau des adipocytes sous-cutanés abdominaux fut la seule variable 

retenue comme pr6dicteur significatif de la variance du RQ (38%) et de l'oxydation lipidique 

(30 %) parmi les autres variables étudiées telles que la masse grasse, la masse maigre, la 

circonférence de taille et l'accumulation de tissu adipeux sous-cutané. En résumé, ces résultats 

suggérent pue l'activité lipolytique des adipocytes de la région sous-cutanée abdominale agit B 

titre de d&erminant au niveau de l'oxydation lipidique chez des hommes obeses. 
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Absttact 

Background: To verifj whether an impaired lipolytic capacity of subcutaneous adipocytes 

rnay contribute to low rate of fat oxidation. 

Design: Relationships between adipose tissue lipolysis of subcutaneous (subc) abdominal and 

femoral isolated adipocytes and respiratory quotient (RQ) wen investigated in 20 obese men 

(age: 44 î 5 yr; means f SD) snidied in the f a h g  state. 

Results: Maximal isopro terenol-induced lipoly sis was p a t e r  in subcutaneous abdominal than 

in femoral fat cells even if glycerol release was corrected for variation in ce11 surface area (P < 

0.01). On the other hand, no regional variation was observed in the adipose cell lipolytic 

responses to postadrenoceptor agents such as dibutyryl-cyclic AMP, forskolin and 

theophylline. Maximal isoproterenol-induced lipolysis of subc abdominal, but not of femorai 

adipocytes, was inversely related to RQ (r = -0.61; P < 0.01) and positively associated to fat 

oxidation (r = 0.57; P < 0.01). These relationships were independent of possible confounding 

factors such as fat mass, fat-fiee mass, waist girth and subc abdominal adipose tissue 

accumulation assessed by computed tomography since maximal isoproterenol-induced 

lipolysis of subcutaneous abdominal adipocytes was the only variable retained as a significant 

predictor of RQ levels (38% of variance) and of fat oxidation (30% of variance). 

Conclution: These results suggest that adipose tissue lipolytic activity of subc abdominal 

adipocytes acts as a determinant of fat oxidation in obese men. 

Key words: lipolysis, human adipocytes, respiratory quotient, lipid oxidation 



Introduction 

Fat balance appears to be the component of macronutrient balance which is exposed to 

greatest deviations, since dietary fat does not seem to present the ability to acutely promote its 

oxidation [1] and has a weak potential to inhibit subsequent energy intake [2-41. Previous 

studies have also show that fat is the substrate whose oxidation mostly depends on 

sympathetic stimulation, especially via p-adcenoceptors [S, 61. Tnis deteminant role of the 

sympathetic nervous system activity in the regdation of fat metabolism has recently received 

fùrther support from results showing that a low muscle sympathetic nerve activity is 

indepedently related to a reduced lipid oxidation [l]. Moreover, a low lipid oxidation capacity 

has, in tum, k e n  shown to be a factor pcedisposing to weight gain over t h e  [8,9] .  

Evidence also supports the idea that obese aiid reducedsbese individuals display an impaired 

fat utilization in response to badrenergic stimulation and that this is mainly reflected by a 

decreased skeletai muscle nonesterificd fatty acid (NEFA) uptake as well as by a reduced 

mobiiization of NEFA aiid glycerol kom adipose tissue [IO-121. Based on the hypothesis that 

a low adipose cell lipolytic response might be involved in the development of obesity, Snitker 

et al. [13] have recently reported that an impaired lipolytic response to isoproterenol measured 

by microdialysis in abdominai subcutaneous adipose tissue was associated with a low rate of 

sleeping fat oxidation in men. 

In an attempt to ver@ whether in vivo lipid oxidation could also be related to in vitro adipose 

tissue metabolism, we examined whether maximal iipolysis in subcutaneous abdominal and 

femorai isolated adipocytes was related to respiratory quotient measured in the reaing state in 

20 obese men. 



Material and Methods 

Subiects 

Twenty healthy Caucasian obese men were recmited through the media and gave their written 

infonned consent to participate in this study, which was approved by the Laval University 

Medical Ethics Cornmittee. Al1 individuals underwent a medical evaluation by a physician, 

which included a medical history. Subjects with cardiovascular disease, diabetes mellitus, 

endocrine disorders, or those on medication which could have influenced triglyceride 

metabolism (fbblockers, antihypertensive h g s ,  etc) were excluded from the study . Al1 

participants were sedentary (participate at no more than two continuous exercise sessions of 

30 minutes per week), non-smokers and moderate alcohol consumers. None had recently been 

on a diet or involved in a weight reducing program, and their body weight had been stable 

during at least six rnonths prior to the study. 

Total bodv fatness and renional fat distribution 

Body density was detemined by the underwater weighing technique and percent body fat was 

derived fiom body density [14]. Puimonary residual volume was measured using the helium 

dilution method [IS]. Fat rnass was calculated as total body weight minus fat-free mas. Waist 

girth was measured according to procedures recommended at the Airlie Conference [16]. 

Computed tomography (CT) was perforrned on a Siemens Somatom DRH scanner (Erlangen, 

Gemany), according to the methodology previously described by SjGsbSm et al. (171. 

Subjects were examined in the supine position with both arms stretched above their head. CT 

scans were petfonned at the abdominal (between L4 and L5 vertebrae) level, using an 

abdominal scout radiograph to establish the position of the scans to the nearest millimeter. 

Total adipose tissue (AT) sueas were calculated by delineating the abdomen with a graph pen 

and then computing the AT surfaces with an attenuation range of -190 to -30 Hounsfield uni& 

(HU) 1181. Abdominal viscerai AT area was detenained by drawing a iine within the muscle 

wall surrounding the abdominai cavity. The abdominal subcutaneous AT area was calculated 

by subtracting the viscerai AT m a  fiom the total abdorninai AT arca 



Adiwcyte isolation and liml~sis 

After an ovemight fast, participants underwent biopsies of subcutaneous fat, one performed in 

the periumbilical region (abdominal site) and the other at the anterior midthigh level (femoral 

site). A small cutaneous incision (1 cm) was performed at both sites following local anesthesia 

(1% lidocaine, without epinephrine) and about 200 mg of subcutaneous adipose tissue were 

surgically removed from the two fat depots for the measurement of fat ce11 lipolysis. 

Adipocytes were isolated according to the method of Rodbell [19] in a Krebs-Ringer 

bicarbonate b d e r  (pH 7.4) (KRB) containing 4% bovine serum albumin and 5 mM glucose 

(KRBA), plus 1 mg/ml collagenase, as previously described [20]. Digestion took place in a 

shaking water bath under an air gas phase of 95% 4 and 5% COz, for 40 min at 3 7 ' ~ .  The 

suspension was then filtered and the cellular filtrate obtained was rinsed 3 times with 5 ml 

KRBA. Isolated adipocytes were finally re-suspendcd in KRBA, in order to obtain a final 

concentration of approxirnately 500 cells per 50 pl. 

Extracellular glycerol release was used as the indicator of adipocyte lipolysis. 50 pl aliquots of 

the continuously stked ce11 suspension were placed in 1.5 ml conical tubes. Two of these 

tubes were used for ce11 counting and sizing; two others containing 10 pl KRB were 

immediately placed on ice and provided evaluation of the initial concentration of glycerol in 

the medium. Agents for lipolysis stimulation were added just before starting the incubation in 

10 pl portions in order to obtain the desùed fiaal concentration. After a t h  incubation at 37'~ 

in a shaking water bath, under 95% O2 and 5% COz gas phase, 50 pl HCl (IN) were added to 

all tubes to stop the reaction, then 50 pl NaOH (IN) were added to neutralize the medium. Ail 

tubes were stored at -20 '~ until glycerol detennination and NADH concentration was 

measured by bioluminescence with luciferase solution, using an automated 2250 Dynatech 

luminometer [20,21]. For each concentration of stimulator agent, the amount of glycerol was 

taken as the average of the quantities obtained from the two incubated tubes. Glycerol 

measurcment by bioluminescence is very serisitive and especially well adapted when only 

small amounu of adipose tissue an available [20, 211. Adipose ce11 diameters were 

determined using a Leitz microscope equipped with a graduated oculat (Rockleigh, NJ, USA). 



Mean fat ce11 diameter was assessed fiom the measurement of at least 500 cells, and the 

density of triolein was used to transfomi adipose ceii volume into fat ce11 weight, as previously 

described [22]. 

The lipolytic activity of the isolated fat cells was tested with isoproterenol [21]. Complete 

dose-response c w e s  (fiom W9 to IO-' M) were performed with this non selective 8- 

adrenoceptor agonist. The 8-adrenergic sensitivity was considered as the concentration of 

isoproterenol giving half-maximal stimulation of lipolysis (ECJo) and was evaluated by 

logarithmic conversion of each dose-response curve. The higher was the ECJo (isoproterenol) 

value, the iower was the B-adrenergic sensitivity. Some experiments were dso conducted with 

forskolin (direct activator of adenylate cyclase), dibutyryl adenosine 3', 5' cyclic 

monophosphate (dibutyryl CAMP) (stimuitftor of the protein kinase hormone-sensitive lipase 

complex and phophodiesterase-resistaat cyclic AMP d o g u e )  and theophylline (mainly 

inhibitor of cycüc GMP-inhibited phosphodiesterase, COI-PDE) [2 11. Lipolysis was expressed 

either per ce11 number (ie, in pmol of glycerol/106 cells x 2h) or per unit of ce11 surface ana 

(ie, in mol of glycerol/pm2 x 108 x 2h). The latter mode of expression was used to correct 

lipolytic values for variation in fat ce11 size which is a well-known correlate of lipolysis [21]. 

The responsiveness was expressed as the dmerence between basai glycerol release and the 

lipolytic rate at maximum effective concentration of the agents tested (106 M isoproterenol, 

10" M forskolin, 10-3 M dibutyryl CAMP or theophylline). It shoud be noted that maximal 

isoproterenol-induced lipolysis was obtained at 10" M instead of 10" M, as previously s h o w  

by others [23], and then explained why we M e r  used the former lipolytic response in our 

anaiyxs. 

Resbiratorv auotient and l i~id oxidation 
. . 

The relative amounts of macronutrients oxidized by the subjects was reflected by the 

respiratory quotient (RQ), the molar ratio between CO2 produced and O2 consumed. RQ was 

measured by indirect calorimetry after an overnight fast of at least 10 hours. Subjects were 

asked to k sedentary 48h kfore the resting metabolic measutcments. AAet a 15-min resting 

period, expird gas coiiection was achievcd h u g h  a mouthpiece, wbile the nose was clippcd 



for a 15-min period. Oxygen and carbon dioxide concentrations were detemined by non- 

dispersive Uifrared anaiysis (Uras 10 E. Hartmann & Braun, Germany) whereas pulmonary 

ventilation determination was assessed with a S-430A measurement systern (Ventura. CA). 

The calculation of rates of fat oxidation was derived according to the following equation by 

assurning that protein oxidation was negligible [24]: 

Fat oxidation (@min) = 1 .67 x VOz (Vmin) - 1-67 x V C 4  (Vrnin) 

Statistical analyses 

Regional variation for adipocyte size as well as maximal lipolytic capacity were tested with 

the S~ident's t-test. Associations between two variables were quantified by the Pearson's 

product-moment correlation coefficients. Stepwise multiple regression analyses were also 

performed to evaiuate predictability of RQ and fat oxidatioa. Al1 analyses were performed 

using the Jump program (SAS Institute Inc., Cary, NC) adapted for Macintosh cornputers 

(version 3.2.2). 



Characteristics of the subjects are presented in Table 1. Subcutaneous (subc) adipocytes were 

larger in the abdominal than in the femoral depot (P c 0.05). The wide range of adiposity of 

our sample was reflected by the large range of adipocyte size observed in both depots (0.40 - 
0.92 and 0.35 - 0.72 pg lipidlcell for the abdominal and the femoral sites, respectively). 

Insert Table 1 

Adipose tissue lipolysis 

As illustrated in Figure 1, the basal lipolytic rate tended to be higher in subc abdominal than in 

femoral adipose cells, but this difference did not reach significant level (P = 0.07). The 

maximal lipolytic responses to isoproterenol (pagonist) and to different postadrenoceptor 

agents were also investigated in both subc abdominal and femoral adipocytes (Figure 1). With 

the exception of isoproterenol-induced lipolysis which was greater in abdominal than in 

femoral adipocytes (P < 0.01), no M e r  regional variation was observed when lipolysis was 

maximaily stimulated with DcAMP, forskolin or theophylline. However, the B-adrenergic 

sensitivity (ECSo) was greater in subc abdominal tban in femoral adipocytes (21 k 4 vs 35 f 6 

nM; P < 0.05). 

Insert Figure 1 

Correlational amlyses 

As shown in Figure 2, the maximum lipolytic response of subc abdominal adipocytes to 

isoproterenol (1 o4 M) was negatively related to basal RQ (r = -0.6 1 ; p c 0.0 1) but positively 

associated to subjects' lipid oxidation (r = 0.57; P < 0.01). Moreover, subc abdominal fat ce11 

fbacûenergic sensitivity assesscd by the ECs0 (isoproterenol) was aeither related to basal RQ, 

nor to lipid oxidation (-0.15 < r < 0.12; NS). On the 0 t h  han& maximal fernocal adipose ce11 

lipolytic response to the &agonist and the &adrenergic sensitivity were not significantly 



related to subjects' RQ and lipid oxidation. No relationship was observed between basal 

lipolytic rate of either abdominal or femoral adipocytes and subjects' RQ (-0.21 < r < 0.21; 

NS) (not shown). 

Insert Figure 2 

Stepwise multiple regression analysis 

To estimate the respective contribution of regional adiposity and of maximai isoproterenol- 

induced lipolysis of subc abdominal adipocytes in accounting for variance in basal RQ and fat 

oxidation, stepwise multiple regression analy sis was perfomed. Our model inc luded age, fat 

mass, fat-fiee mass, subc abdominal adipose tissue accumulation measured by CT as well as 

maximal isoproterenol-induced lipolysis of subc abdominal adipocytes. Maximal subc 

abdominal adipocyte isoproterenol-induced lipolysis was the only variable retained in the 

model and accounted for 38% and 30% of the variance in basal RQ and fat oxidation, 

respectiveiy (P < 0.01). 



Discussion 

The present study was performed to veri@ whether in vitro maximal isoproterenol induced- 

lipolysis in subcutaneous abdominal and femoral adipocytes was related to basal RQ in 20 

obese men. Our results showed that a low maximal isoproterenol-induced lipolytic response of 

subcutaneous abdominal adipocytes is related to a low rate of fat oxidation, a finding 

consistent with the recent observation that in situ abdominal adipose tissue lipolytic response 

to isoproterenol was inversely related to basal RQ [13]. 

The impaired ability to use fat has previously been identified as a factor related to the 

development of obesity [8,9]. Evidence also inâicates that fat oxidation is mainly dependent 

on sympathetic activity [5,6], a notion which has recently k e n  reemphasized by the inverse 

relationship found between 24-h RQ and muscle sympathetic nerve activity [7]. Moreover, the 

sympathetic nervous system plays an important role in the regulation of lipolysis since 

norepinephrine and epinephrine act as stimulators of lipolysis via their action on $0 

adrenocepton in human adipocytes [25, 261. Blaak et al. have well demonstrated that during 

infusion of isoproterenol, obese [IO] and reducedsbese subjects [11] had an impaired lipolytic 

response as well as a low fat utilization capacity. Furthemore, a low epinephrine-induced 

lipolysis was observed in ex-obese runners even if they were performing a large amount of 

weekiy aerobic training [12]. This is also consistent with the fmding that resting RQ is 

increased in reduced-obese subjects showing resistance to lose fat while being physically 

active [27]. These results suggest that a low adipose tissue lipolytic activity may be partly 

responsible for a low fat oxidation. As demonstrated in a recent study [13] and in the present 

one, an impaired $-adnnergic-stimulated maximal lipolysis, which highly nflects adipose 

tissue lipolytic activity, is associated with a low rate of fat utilkation. 

The lower maximal-induced lipolysis observed in femoral as compared to subcutaneous 

abdominal adipocytcs of out sample is in accordance with previous snidies [28] and probably 

attests for a decrcased badrenergic component in femoral fat cells [29]. Moreover, the fact 



that 8-adrenergic sensitivity was greater in subcutaneous abdominal than fernord adipocytes 

indicates that abdominal adipocytes of obese men display a more efficient B-adrenergic 

component than femoral fat cells. Based on the notion that lipolytic rate is a determinant of 

body fat oxidation [30], the low 8-adrenergic-mediated lipolysis of femoral adipocytes might 

explain their negligible contribution to variations in basal RQ. 

As recently reported [13], a high in situ lipolytic response to isoproterenol in subcutaneous 

abdominal adipose tissue is related to a high rate of fat oxidation, regardless of the subjects' 

body fatness. This notion is also corifinneci by the fact that isoproterenol-induced maximal 

lipolysis in subcutaneous abdominal adipocytes was the ody predictor of RQ. However, one 

should be aware that only 38% of the variance in basal RQ was predicted by isoproterenol- 

induced maximal lipolysis in subcutaneous abdominal adipocytes. This fmding implies that 

other important factors contributhg to lipid oxidation exist and remain to be identified. In this 

regard, an impaired ability of muscle to take up NEFA has already been pointed out as an 

important culprit to a low rate of fat oxidation 110, 311. The effect of age should also be 

considered since aging has been related to an Unpaired adipose tissue lipolytic capacity [32, 

331 as well as a reduced capacity of skeletal muscle to oxidize fatty acids [34]. In the present 

study, we did not observe any significant effect of age on the maximal isoproterenol-induced 

lipolysis as well as on the lipid oxidation of subjects, but this might be explained by the 

narrow age range of the subjects. 

In summary, the present sndy shows that a low maximal lipolytic response of subcutaneous 

abdominal adipocytes to isoproterenol is associateci with a reduced fat oxidation rate in obese 

men. This fmding supports a recent in vivo study involving abdominal adipose tissue lipoly sis 

in the determination of whokbody fat/carûohydrate oxydation rate. On the other hand, the 

maximai lipolytic activity of femoral adipocytes does not appear to conîribute to the variation 

of fat oxidation, probably because of their lower 8-adrenoceptor component, as compared to 

subcutaneous abdominal fat cells. 
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Legends to figures 

Fiwe 1 

Maximal lipolytic responses of subcutaneous abdominal and femoral adipocytes to 

isoproterenol and postadrenoceptor agents. Fat cells were incubated in the presence of either 

isoproterenol (ISO; 10" M), dibutyryl-cyclicAMP @CAMP; W3 M), forskolin (FR 105 M) 

or theophylline (THEO; 10,' M). Previous experiments revealed that the concentrations of 

different drugs used were maximally effective doses. Values are means k SE of 19-20 

experirnents performed in duplicate and basal glycerol release has already been subtracted. 

Significant regional variation at * P < 0.01. 

*e 2 

Relationships ktween isoprotennol-induced maximal lipolysis (left panels) or p-adrenoceptor 

sensitivity reflected by ECSo (isoproterenol) (right panels) of subcutaneous abdominal 

adipocytes and basal respiratory quotient (RQ) or lipid oxidation. Maximal lipolytic response 

to isoproterenol was calculated as the difference between glycerol release at 1 0 ' ~  M of the P- 

agonist and the basal lipolytic rate. 



Table 1. Characteristics of subjects 

Meaiu f SD Range 

Age (years) 44f 4 3 5-50 
Anthropometric variables 
Body weight (kg) 100f 12 82- 122 
BbU (kg/rn2) 332 3 27-40 
Fat mass (kg) 34f 9 14-44 

Body fat (%) 34f 6 17-44 
Fat-fiee m a s  (kg) 66k8 52-79 
Waist girth (cm) 108 f 9 92- 124 
Adipose tissue areu measured by CT (cm2) 
Abdomen (L4L5) 

Subcutaneous 364 i 103 
Visceral 180f 55 

Regioaal subcutaneous fat cell weight ( ~ ( g  UpicUcell) 
Abdominal 0.61 k0.11 ' 0.40-0.92 

Femoral 0.55 f 0.10 0.35-0.72 

Indirect calorimet y 
Basal RQ 0.81 f 0.05 0.72-0.89 

Values are means f standard deviation (SD) of 20 men. 

BMI = body mass index; CT = computed tomography; RQ = respiratory quotient. 

Significant regiod variation at ' P< 0.05. 
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R ~ G U L A ~ O N  Dü T'ANSCRITADlP0C)CTAlRE P M &  EN REPONSE À UNE 

PERTE DE POIDS C H U  L'HUMAIN: ABSENCE DE RELA7ïOM AVEC LES 

CONCENTRA ilONS PLASMAnQUES ET DU nSSU ADlPEUX DE POLLUAN= 

L'article composant ce chapitre est intitule: 

"Regdation of adipose tissue PPARy gene expression in response to weight loss in humans: 

absence of interaction with plasma and adipose tissue pollutant levels" 

(en préparation) 



Résumé 

La présente étude consistait examiner les effets d'une perte de poids sur l'expression de 

PPARy (peroxisorne profiferator-activuted receptor gomma), un facteur transcriptionne1 

important implique dans la différenciation adipocytaire, au niveau des tissus adipeux sous- 

cutanés abdominal et fémoral. De plus, nous avons vérifie s'il existait des relations entre les 

changements induits par la perte de poids au niveau de l'expression de PPARy du tissu adipew 

et les variations de concentrations en organochlor6s (OC) plasmatiques et du tissu adipew 

chez 7 sujets obèses. La mesure de L'expression de PPARy par RT-PCR compétitive ii partir 

d'Cchantillons de tissu adipeux ainsi que les concentrations plasmatiques et adipeuses de 

polluants plasmatiques fixent mesurées avant et aprés perte de poids (duree de 15 semaines; 

deficit Cnergdtique de 500-800 kcdjour). Tel que pr&u, la restriction Cnergetique a entraîné 

une diminution significative de la masse corporelle (P < 0.001) et de la masse grasse (P < 

0.0 1). En rtponse B la perte de poids, l'expression de PPARy ne diminua de façon significative 

qu'au niveau du site sous-cutané abdominal (P < 0.05). La concentration plasmatique de 10 

des 17 OC étudies et de 4 des 14 composés détectés au niveau des sites adipeux fut 

augmentte. Aucune relation significative ne fut observee entre les changements de PPARy 

induits par la perte de poids et ceux des concentrations d'OC plasmatiques (-0.63 < rho < 0.70) 

et du tissu adipew (-0.80 < rho < 0.52). Ces résultats montrent qu'une perte de poids endne 

une réduction significative du transcrit PPARy au niveau du dépôt adipeux sous-cutané 

abdominal. L'absence de relations entre l'augmentation des concentratioas d'OC plasmatiques 

et du tissu adipeux et les changements d'expression de PPARy en r6ponse ii une perte de poids 

suggtre que les OC &tudiCs ne semblent pas Muencet directement l'expression de ce facteur 

traascnptio~el de la diffdrenciation adipocytaire. 
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Abstract 

Objective: To examine the effect of a body weight loss on PPARy mRNA levels of 

subcutaneous abdominal and femoral adipose depots and to verify the existence of a 

relationship between weight loss-induced changes in PPARy mRNA levels of subcutaneous 

abdominal and femoral adipose depots and those in plasma and adipose tissue concentrations 

of organochîo~e poiiutants in 7 obese subjects. 

Researcb Methods and Procedutes: Subjects undenvent a 15-week weight-reducing 

program (energy deficit: 500-800 kcdday below subjects' estimated sedentary energy 

expendihire). PPARy mRNA levels of adipose tissue fiom the abdominal and femoral depots, 

various fat distribution parameters (assessed by computed tomography and anthropometry) 

and piasma or adipose tissue concentrations of organochlorine compounds were measured at 

baseline and afkr the 15-week weight nducing program. 

Results: Dietary restriction induced a reduction in body weight (P < 0.001), fat mass (P < 

0.01), subcutaneous abdominal and midthigh adipose tissue areas (P < 0.001). In response to 

weight loss, PPARy rnRNA levels were significantly reduced in the subcutaneous abdominal 

adipose tissue site (P < O.OS), whereas this decrease did not reach statisticai significaace in the 

femoral region. In plasma, 10 of the 17 organochlorine pollutaats were significantly increased 

in response to weight loss. On the other hand, statistically significant increases were observed 

only in 6 of the 14 detected compounds of both subcutaneous abdominal and femoral fat 

depots. in general, no significant relationship was found between weight loss-induced changes 

in PPARy M A  levels and those in plasma or adipose tissue organochlorine poliutants. 

Discuision: Weight reduction hduced a significant decrease of PPARy mRNA levels in 

subcutaneous abdominal adipose tissue but not in the femoral depot. The weight loss-induced 

increases in plasma and subcutaneous abdominal adipose tissue concentrations of 

organochlorine poliutants were generaiiy not related to chaages in PPARy mRNA levels, 

which may suggest that pollutants are not directiy associateci with adipose ce11 diffetentiation 

through PPARy gene expression interaction. 



Introduction 

Quality of life and cornfort have considerably increased during the industrialization era for 

most of Western countries. However, this period of time has also been characterized by the 

production of cheap petrochemical compounds displaying high resistance to degradation. 

These compounds were used as highly effective pesticides, dielectrics, fue retardants and were 

included in ink, plastic and rubber mixtures. Moreover, due to their lipophilicity, these 

compounds prefenntially bioaccumulate and biomagnify in higher trophic levels of the food 

chah (24,29). Consequently, although the use of these substances has been banned or 

restricted in Western c o d e s ,  they are still found in vimially every person on the planet and 

might play adverse effects in humans (29). 

Based on the fact that pollutants are stored in fat, it has been postulatcd that adipose tissue loss 

could cesult in increased organ and blood concentrations of these compounds (16). A previous 

study has confirmed this hypothesis by reporthg increased dichiorodiphenyl trichloroethane 

(DDT)-related compounds concentrations in blood, adipose tissue, heart, lung, spleen and 

brain in starved mice which were a priori treated with a load of "c-DDT (27). In a recent 

study, we have examined the impact of body weight loss on plasma and adipose tissue 

organochlorine compounds (OCs) in obese individuals. As expected, body weight loss induced 

a 10 to 29% increase in plasma concentrations of detected OCs (7). This study also raises 

concems about undesùed and potentially harmfbl side effects of weight loss in some obese 

subjects since reduced-obese individuals had p a t e r  concentrations of these contaminanis as 

compared to lean controls. 

In the last years, many studies have focused on nuclear receptoa due to their critical roles in 

several aspects of vertebrate development by converthg the effects of small lipophilic 

hormones, the peroxisome proliferators, into transcriptional responses (422). Peroxisome 

pmlXeraton are a diverse group of chernicals that include hypoüpidemic dnigs, herbicides and 

industrial plasticizers (9,13). Recent studies have shown that many genes affected by 

peroxisome proliferaton are ngulated by a novel member of the steroid hormone receptor 

superfamily, the peroxioomc proliferator-activated receptor (PPAR) (3 1). The PPAR family 



comprises three closely related gene products: PPARa, PPARy and PPARfVG. The thm 

PPARs have different expression patterns: PPARa is most abundantly expressed in liver, 

kidney, heart and muscle; PPARy is mainly expressed in fat cells, large intestine and celfs of 

the monocyte lineage; and the distribution of PPAR@G is ubiquitous (1,3 1). It bas previously 

been demonshated that the ligand-binding of Xenopus laevis PPARy was activated by 

trichloroacetic acid, one of the secondary metabolites of trichloroethylene which is a widely 

used pllutant in dry cleanhg and paint stripping (9). More recentiy, investigation of human 

PPARy revealed that the transcriptional activity of this receptor was stimulated by mono(2- 

ethylhexy1)phthalate (MEHP), a metabolite of the industrial plasticizer di(2- 

ethylhexy1)phthalate (DEHP) (21). The fact bat OCs are lipophilic may implicate a role of 

these latter agents in the regulation of adipose tissue metabolism. To the best of our 

knowledge, no study has yet considered the potential interaction of contaminants on PPARy 

expression in human adipose tissue, a key transcriptional factor of adipocyte differentiation 

(35). n ie  major reason for this is that ethically, it is unacceptable to study the impact of 

contaminants by purposely exposing individuals to suspected pollutants. Nevertheless, the 

increase in OCs that we have recently observed following weight loss in obese individuals (7) 

represents a valuable mode1 to verify whether PPARy expression in adipose tissue might be 

influenced by pollutants. Thecefore, the aim of this study was a) to examine the effect of a 

body weight Loss on PPARy mRNA levels of subcutaneous abdominal and femoral adipose 

depots and b) to ver@ the existence of a relationsbip between weight los-induced changes in 

PPARy mRNA levels of subcutaneous abdominal and femoral adipose depots and those in 

plasma and adipose tissue concentrations of organochlorine pallutants in 7 obese subjects. 



Ma terial and Methods 

Subjects. From the thirthy-nine hedthy obese inviduals who participated in the weight loss 

program intervention be fore and after which O rg anochlorine compo unds were measured in 

adipose tissue and blood samples (7), sufficient amounts of adipose tissue for the measurement 

of PPARy expression were obtained fkom seven subjects (i.e. 3 women and 4 men). Subjects 

were recmited through the media and gave theù written informed consent to participate in this 

study, which was approved by the Lavai University Medicai Ethics Cornmittee. AI1 

individuais underwent a medical evaluation by a physician, which included a medical history. 

Subjects with cardiovascular disease, diabetes mellitus, endocrine disorders, or those on 

medication which could have intluenced triglyceride metabolism (B-blockers, antihypertensive 

dnigs, etc) were excluded fiom the study. Women had regular menstrual cycles and none was 

using oral contraceptives or lactating at the tirne of the study. Al1 measurements were 

perfomed while women were in the early follicular phase of their mensmal cycle. Al1 

participants were sedentary, non-smoken and moderate alcohol consumers. None had recently 

been on a diet or involved in a weight-reducing program, and their body weight had been 

stable during the last six month prior to the study. 

Al1 subjects participated in a 15-week weight loss program induced by a moderate caloric 

restriction which took into account the individual macronutrient composition of subjects, as 

reported in their three-day dietary record before the midy (1 8- 19% protein, 38.39% fat, 41- 

46% carbohydrate and 102% alcohol of total energy intake). This non-macronutrient specific 

energy restricted diet was fixed in part with a resting metabolic rate (RMR) measunment to 

which an activity factor of 1.4 (37) was multiplied to estimate daily energy expenditure (DEE) 

of subjects who where sedentary at the onset of the program. T ~ U ,  DEE was calculated as 

follows: 

DEE = RMR (kcaYminute) x 1440 minuteMay x 1.4 

To fix energy intaLe of the weight-ceducing program, 700 kcal were subtmcted from DEE. 



Total body fabess und regional fat distribution. Body density was determined by the 

underwater weighing technique and percent body fat was derived from body density (32). 

Pulmonary residual volume was measured using the helium dilution method (25). Fat mass 

was calculated as total body weight minus fat fiee mass. Waist girth was measured according 

to procedures recommended at the Airlie Conference (20). Computed tomography (CT) was 

performed on a Siemens Somatom DRH scanner (Erlangen, Germany), according to the 

methodology previously described by SjostrUm et al. (33). Briefly, subjects were exarnined in 

the supine position with both a m  seetched above the hed. CT scans were perfonned at the 

abdominal (between L4 and L5 vertebrae) and at the femoral (midthigh) levels, using an 

abdominal scout radiograph to establish the position of the scans to the nearest millimeter. 

Total adipose tissue (AT) anas were calculated by delineating the abdomen with a graph pen 

and then computing AT surfaces with an attenuation range of - 190 to -30 Hounsfield units 

(HLI) (1 1). Abdominal visceral AT area was measured by drawing a line within the muscle 

wall surroundhg the abdominal cavity. The abdominal subcutaneous AT area was determined 

by subtracting the visceral AT m a  from the total abdominal AT area. 

Adipose tissue biopsy procedum. After an overnight fast, participants were subjected to 

biopsies of subcutaueous fat, one perfonned in the periumbilical region (abdominal site) and 

the other at the anterior midthigh level (femoral site). Local anesthesia (1% xylocaine, without 

epinephrine) was perfonned in such a way that it did not influence the metabolic activity of 

excised AT (23). Biopsies were perfomed before and 4-6 weeks after the end of the treatment 

when al1 subjects were weight stable. A srnall cutaneous incision (1 cm) was performed in 

both sites and approximately 50 mg of adipose tissue fiom each region were removed and 

immediately h z e n  in liquid nitmgen for later RNA preparation. 

Total RNA pnparation. Total RNA was isolated using guanidinium thiocyanate phenol 

chloroform extraction and aicohol piecipitation (8). The absorption ratio (260:280 nm) ranged 

between 1.6 and 1.9 for al1 pnparations. The average yield of total RNA was similar before 

and aAer weight loss (17 f 5 pglg vs 15 f 6 hg/g adipose tissue, respectively). Total RNA was 

stoced at -80% until quantification of the target mRNA. 



Construction of the competitor. The construction of the competitor has previously been 

described in detail (1). Briefly, the PPARy competitor was directly constructed in the 

expression vector pSGS-hPPARy by deleting a 74 bp-long kgment (nucleotides +433 to +507 

of the PPARy2 coding sequence) by digestion (HindlII) and ligation. The PPARy competitor 

was then subcloned into pBS (f'ragment -34 to +843) to give pBSCompPPARg. 

Quantîjlcatim of W A .  PPARy adipose tissue mRNA levels were determined by reverse 

transcription reaction followed by cornpetitive polymerase chin reaction (RT-cornpetitive 

PCR). Briefly, this method relies on the addition of a known amount of a competitor DNA 

molecule in the PCR to standardize the amplification process. The specific first strand cDNA 

was synthesized from 0.1 pg of total RNA in the presence of 15 pmoi of the designed 

antisense primer, with 2.5 U of a thermostable reverse ûanscnptase (Th DNA polymerase; 

Promega, Charbonnitre, France) in conditions described pceviously (2). m e r  the reaction, the 

RT medium (10 pl) was added to a PCR mix (10 mmoM Tris-HC1, pH 8.3, 100 rnmoVl K I ,  

0.75 moül EGTA, 5 % glycerol, 0.2 mmoM deoxynucleoside triphosphates, 45 pmol specific 

sense primers with the S'-end labelled with Cy-Sfluorescent dye (Eurogentec, Seraing, 

Belgiurn), 37.5 pmol antisense primer and 5 U Taq poiyrnerase) of 100 pl of final volume. 

Then, 4 aliquots (20 pl) of the mixture were transfernd to microtubes containing a different, 

but known, amount of competitor. Mer 120 s at 9s0c, the tubes were subjected to 40 cycles 

of amplification (Omnigene, Hybaid, Taddington, U.K.), including denaturation for 40 s at 

9s0c, hybridization for 50 s at 5 5 ' ~  and elongation for 50 s at 72 '~ .  

Ana&sis of the PCR produc&. The fluorescent-labeled PCR products were analyzed with an 

automated laser fluorescence DNA sequencer (ALFexpress, Phanaacia, Upsala, Sweden) in a 

4% denaturating polyacrylamide gel. The amount of PCR products was calculated by 

integrating the pe& ana using the Fragment Manager softwarr h m  Phmacia. To determine 

the concentration of the target mRNA, the logarithm of  the peak d a c e  ratio of competitor to 

target cDNA was plotted v e m  the logarithm of the amount of competitor added into the PCR 

medium. The initial concentration of the target mRNA was determhed at the cornpetition 

equivdcnct point, as pmiously described (2). 



Chernical una&sCs. Nine PCB congenen (International Union of Pure and Applied Chernistry 

nos.: 28, 99, 118, 138, 153, 156, 170, 180 and 187), one commercial PCB mixture formerly 

used in electrical transfomiers, Aroclor 1260 (A1260) and seven chlorinated pesticides (beta- 

hexachlorocyclohexane (8-HCH), dichlorodiphenyl dichloroethene (p,pt-DDE), 

dichlorodip heny 1 tric hloroethene (p,pî-DDT), hexachloro benzene (HCB), mirex, oxy ch10 rdane 

and tnuisnonachlor were detemiined in plasma and adipose tissue samples. Blood and adipose 

tissue samples were taken before and following weight los.  Samples were fust spiked with 

the interna1 standard (PCB congener no. 198), homogenized in hexane:acetone (2:1, vlv) and 

the resulthg organic phase washed with water to remove the bdk of the acetone. An aliquot of 

the hexane extract was used for lipid determination by pvimetry and the rest of the extract 

was de fatted with concentrated sulfuric acid. The defatted hexane was successive1 y washed 

with water and aqueous potassium hyhxide  pcior to filtration through anhydrous sodium 

sulfate. The filtrate was then concentrated and cleaned up by chromatography on an acidic 

silica gel column and a deacrivated (0.5%) Florisil column. Organochlorines were eluted fkom 

the columns using methylene ch1oride:hexane (2575, vlv) and analyzed on a HP-5890 gas 

chromatograph equipped with dual capillary colurnns (Ultra4 and Ultra-2) and dual 6 3 ~ i  

electmn detectors. Adipose tissue analyses were made using sirnilar methods. Depending on 

the lipid content and the available quantity of tissues, detection limits varied fiom 6.4 to 43 

&kg and fiom 0.02 to 0.3 pg/l in adipose tissue and plasma. respectively. 

StutisticuI analyses. The Wilcoxon signed ranL test was used to compare means before and 

&er weight loss. The Spearman rho test was utilized to assess the degree of relationship 

between variables. Al1 analyses were performed ushg the Jump version 3.2.2 program (SAS 

Institute Inc., Cary, NC) adapted for Macintosh cornputem. 



Results 

Subjects' physical characteristics before and after the weight-reducing program are presented 

in Table 1. As expected, body weight, BMI, fat mass, fat fiee mass and waist girth were 

reduced after weight loss (P values ranging fiom 0.001 to 0.05). The 10% reductioa in body 

weight was also accompanied by a significant decrease of al1 the adipose tissue areas 

measured by CT (P values ranging fiom 0.001 to 0.01). In contrast to femoral adipocytes, 

subcutaneous abdominai fat ceiis were significantiy reduced foliowing weight ioss (P < 

0.001). No regional variation in fat ceii size was observed before and after treatment. 

In response to weight loss, PPARy mRNA levels were significantly reduced in the 

subcutaneous abdominal ngion (4.7 f 1.9 vs 2.6 i 1.9 amoVug total RNA before and after 

weight reduction, respectively; P < 0.05) (Figure 1). A decrease in PPARy mRNA levels was 

also obsmed in the femoral depot (3.6 f 1.9 vs 2.5 f 2.2 amoUug total RNA before and after 

weight loss, respectively; NS), but this effect did not reach statistical significance. Moreover, 

weight loss induced changes in adipose tissue PPARy mRNA levels and those in 

anthropometric variables such as body weight, fat mas ,  subcutaneous abdominal and 

midthigh adipose tissue areas were not significantiy related (-0.07 < r < 0.54; NS) (not 

shown). 

Insen Table I and Figure 1 

As show in Table 2, 10 of the 17 plasma organochlorine pollutants were significantly 

increased in response to weight loss. Similar resdts were obsewed when organochlo~e 

concentrations were expnssed on a plasma lipid-adjusted basis (not shown). Adipose tissue 

organochlorine concentrations were also increased foiiowing weight loss (Table 3). However, 

statisticaily significant increases were observed only in 6 of the 14 detected compounds in 

botb subcutaneous abdominal and femorai fat depots. 

insert Tables 2 and 3 



As pollutants might act as peroxisome proliferators, the association between changes in 

subcutaneous abdominal adipose tissue PPARy mRNA levels and those h plasma or adipose 

tissue organochio~e levels was also investigated. A positive relationship wodd suggest that 

the higher the increase in organochlorine concentrations, the greater the increase in PPARy 

mRNA levels. With the exception of the significant positive relationship found between 

variations in PCB 99 and those of PPARy mRNA levels of the femoral depot (rho = 0.89, P < 

0.01). no further significant association was observed between variations in PPARy mRNA 

levels and changes in plasma organochlorine concentrations following weight loss (-0.63 < rho 

< 0.52; NS) (Table 4). As show Ui Table 5, no significant relationship was found between 

changes in subcutaneous abdominal adipose tissue organochlorine concentrations and changes 

in PPARy M A  levels of this adipose region in response to weight loss. The only significaat 

relationship observai betweea changes in femoral PPARy mRNA levels was that with PCB 

156 (rho = 0.87, P < 0.05) (Table 6). 

Insert Tables 4,s and 6 



Dicussion 

The present study demonstrates that in response to weight loss, PPARy expression is 

significantly decreased in the subcutaneous abdominal adipose tissue region. This effect was 

also seen in the femoral adipose tissue site but not to a statistically significant extent. Our 

results also show that plasma and adipose tissue organochlorine concentrations were not 

associated with variations in subcutaneous abdominal and femoral adipose tissue PPARy 

mRNA levels in response to weight loss. Based on these data, it is tempting to suggest that 

pollutants do not seem to directly influence the regulation of subcutaneous adipose tissue 

PPARy expression. 

Several studies have previously s h o w  that herbicides and industrial plasticizers act as 

peroxisome proliferatoa (9,13). However, most of the latter experiments have more 

particularly focused on liver since administration of organochlorine compounds such as 

A1260 to rodents results in a h a t i c  proliferation of hepatic peroxisomes as well as liver 

hyperplasia (28,34). To the best of Our knowledge, the present study was the first to 

investigate the potential role of the increased pollutant levels on the regulation of adipose 

tissue mRNA levels of PPARy in response to weight loss. The fact that no relationship was 

observed between changes in plasma and adipose tissue pollutant concentrations and those in 

subcutaneous adipose tissue PPARy mRNA levels does not exclude the possibility that 

pollutants may act directly or indirectiy on other target genes modulating adipose tissue 

metabolism. In this regard, a recent study has dernonstrated that endrin, a chlorinated 

cyclodiene pesticide, inhibits adipocyte differentiation not by its direct action on PPARy but 

through the specific suppression of C/EBPa (26), an indispensable nuclear transcriptional 

factor triggering the entire process of adipocyte differentiation (1 7,38). 

From a clinical standpoint, experimental evidence tends to support the idea that exposure to 

poliutants may trigger adipose tissue mechanisms which could lead to weight gain ovet the. 

Xndeeâ, as exposurc to PCB has been observed to affect thyroid h c t i o n  in hwnans (14) and 

as low thymid levels have p m i ~ u ~ l y  been reported to inctease adipose tissue LPL activity 



(12,30) and reduce epinephrine-stimulated lipolysis (30), one could suggest that some 

pollutants may induce adaptations leading to long-terni fat storage. Conversely, other reports 

suggest that some pollutants such as 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD) induced 

impairments of synthesis and storage of metabolic reserves by inhibiting glucose transport 

(10,18), LPL activity ( 5 )  and fatty acid synthesis (15). Further studies are therefore required to 

evaluate whether body fat gain may be a protective adaptation of the body to attenuate 

pollutants exponire or whether body fat loss in response to pollutant exposure may represent a 

protective reaction to avoid M e r  Lipophilic poilutant accumulation. 

These apparently conflicting evidences may be in agreement with the wide range of 

correlations that we observed between changes in PPARy mRNA levels and those in 

organochlorine compounds in plasma and in abdominal and femoral adipose tissue samples. 

Indeed, the organochlorines measured in this study represent an heterogenous group of 

compounds whose variations do not likely have the oame impact on PPARy mRNA levels. We 

are aware that out correlational d y s e s  were not perfonned in the optimal statistical context 

due to our small sarnple of subjects. However, the range of correlations that we document may 

also be the reflect of a real biological phenomenon by which some pollutants exen a 

stimulating effetc on PPARy mRNA levels w h e m  others might rather promote an inhibitory 

effect. This hypothesis is obviously quite speculative, but it can serve as a template for future 

experimentation into the specificity of the effect by which organochlorines modulate PPARy 

mRNA levels. 

That body weight loss induced a decrease in PPARy mRNA levels of the subcutaneous 

abdominal depot is consistent with previous studies (3,36). However, the present study is the 

first to report a regional diEennce in the changes of PPARy expression following weight loss. 

The mechanism (s) by which adipose tissue PPARy mRNA levels decreased in response to 

weight loss is (are) siil1 unclear. Some authors have suggested that a down-regdation of 

PPARy gene expression might k involved in the reduction of fat mass during dieting (3). On 

the basis of the f a t  that adipgenic factors ( is .  ClEBPs and PPARy) probably interact with 



each other in a complex fashion (6), it is also logical to speculate that the inhibition of 

ClEBPa by some pollutants (19,26) exerts a negative feedback action on adipogenic factors 

such as PPARy in response to the weight loss-induced increase in plasma and adipose tissue 

pollutant concentrations. However , this hypothesis deserves m e r  investigation. 

Conclusion 

In summary, the present study showed a significantly nduced expression of subcutaneous 

abdominal adipose tissue PPARy mRNA levels after a 10% reduction in body weight, whereas 

such a decrease did not reach statistical significance in the femoral depot. The weight loss- 

induced increase in plasma and subcutaneous abdominal adipose tissue pollutant 

concentrations was not related to changes in PPARy mRNA levels suggesting that pollutants 

investigated are not dinctly associated with the regulation of PPAR. mRNA levels. 
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Legend to figure 

Figure 1 

PPARy mRNA levels of subcutaneous abdominal and fernoral adipose tissues before and after 

weight loss in 7 obese subjects. Significant difference before and after weight loss at * P c 

0.05. Horizontal lines represent mean values. 



Table 1. Physicai characteristics of subjects before and after weight loss. 

Antbropometrîc variables 
Body weight (kg) 97f 19 

BMI (kglrn2) 35f2 

Body fat (%) 42f 5 
Fat mass (kg) 41f 6 
Fat fiee m a s  (kg) 56 I 14 

Waist girth (cm) 127 f 63 
2 

Adipose tissue areas measurd by CT (cm ) 
Abdomen (L4-LS) 

Subcutaneous 459 f 76 
Visceral 191 f 82 

Midthigh subcutaneous 127 f 63 
Regioaal fat ceIl weight (vg lipidkell) 
Abdominal 0.66 f 0.13 
Fernorai 0.63 L O, 17 

Value are means f standard deviation (SD). 

BMI = body m a s  index; CT = computed tornography. 

Significant difference before and after weight loss at * P < 0.05, t P < 0.0 1, $ P < 0.00 1. 



Table 2. Plasma organochlorine levels of subjects before and &et a moderate weight loss. 

Before (J@) After (d) 

b-HCH 0.1 09 f 0.055 0.15 1 f 0.067 

p,pf-DDE 

p,pl-DDT 

HCB 

Mirex 

Oxychiordane 

Transnonachlor 

Aroclor 1260 

PCB 28 

PCB 99 

PCB 118 

PCB 138 

PCB 153 

PCB 156 

PCB 170 

PCB 180 

PCB 187 

Values are means f standard deviation (SD). 

Significant difference before and d e r  weight loss at * P c 0.05, t P < 0.01. 



Table 3. Adipose tissue organochiorine levels in subcutaneous abdominal and femoral adipose 

tissues of subjects before and after a moderate weight loss. 

p,pt-DDE 

p,pl-DDT 

HCB 

Oxyc hl0 rdane 

Transnonachlor 

Aroclor 1260 

PCB 118 

PCB 138 

PCB 153 

PCB 156 

PCB 170 

PCB 180 

PCB 187 

Values are means f standard deviation (SD). 

Significant difference More and after weight loss at P < 0.05, f P < 0.01; & P = 0.06 



Table 4. Relationships between changes (A) in plasma organochlorine concentrations and 

changes in PPARy mRNA levels of subcutaneous abdominal and femoral depots in response 

to weight loss. 

A PPARy mRNA 

A bdornind Fernorai 

A &HCH 

A p,p'-DDE 

A p,pf-DDT 

A HCB 

A Mirex 

A Oxychlordane 

A Transnonachlor 

A Aroclor 1260 

A PCB 28 

A PCB 99 

APCB 118 

A PCB 138 

A PCB 153 

A PCB 156 

A PCB 170 

A PCB 180 

A PCB 187 



TI ble 5. Relationships between changes (A) in subcutaneous abdominal adipose tissue 

organochlorine concentrations and changes in PPARy mRNA levels of this depot in response 

to weight loss. 

A PPARy mRNA Ievels of 
abdominal adipose tissue 

A PHCH 

A p,pt-DDE 

A p,p'-DDT 

A HCB 

A Oxychlordane 

A Transnouachlor 

A Aroclor 1260 

A PCB 99 

APCB 118 

APCB 138 

A PCB 153 

A PCB 156 

A PCB 170 

A PCB 180 

A PCB 187 



Table 6. Relationships between changes (A) in femoral adipose tissue organochlorine 

concentrations and changes in PPARy mRNA levels of this depot in response to weight loss. 

A PPARy mRNA kveb of 
femoral adipose tissue 

A p,pt-DDE 

A p,p'-DDT 

A HCB 

A Oxychlordane 

A Transaonac hlot 

A Aroclor 1260 

A PCB 99 

APCB 118 

A PCB 138 

A PCB 153 

A PCB 156 

A PCB 170 

A PCB 180 

A PCB 187 
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Ce travail a permis de caractkriser les systémes de contrôle du métabolisme adipocytaire 

(1ipolyseAipogenéJe) au cours de diverses situations physiologiques comme la perte de poids 

et le vieillissement chez l'humain. Par ailleurs, nos résultats ont mis en évidence i) la 

contribution de i'hypertrophie adipocytaire dans la ddttkioration du profil métabolique ainsi 

que ii) l'implication du systéme lipolytique et/ou antilipolytique de l'adipocyte au niveau de la 

capacité oxydative lipidique in vivo et du mdtabolisme de la lipdmie postprandiale. 

Il est maintenant bien connu que le tissu adipeux sécrhte un bon nombre de signaux dont 

certains présentent une activité endocrine alon que d'autres agissent plutôt de façon 

autocrine/paracrine. Ce rdseau complexe permet au tissu adipeux d'effectuer des ajustements 

particuliers au niveau de l'utilisation des substrats m6taboliques par l'organisme. A ce titre, 

plusieurs conséquences métaboliques ndfastes associées à l'obésitd peuvent provenir d'un 

mauvais fonctionnement du "répertoire" endocrinien du tissu adipeux. Les rtsultats du 

Chapitre 5 montrent que, pour une accumulation donnde de tissu adipeux visc&al, les hommes 

caractdrisés par une hypertrophie des adipocytes sous-cutanés abdominaux présentent une 

détérioration accrue de leur profil métabolique comparativement à des individus présentant de 

plus petits adipocytes du même site. A la lumi&re de ces rdsultats, il n'est pas impossible que 

hypertrophie adipocytaire soit associde il une synthèse accrue d'un signal ou de signaux 

a l t h n t  le profil mdtabolique de l'homme. A titre d'exemple, il convient de souligner la 

surexpression du facteur de nécrose tumotale-alpha (TNF-a) et de ses deux récepteun chez 

L'individu oôèse (Kem et 1, 1995; Mohamed-Ali et al., 1999) en se rappelant du rôle 



important que joue cette cytokine dans le développement de la résistance à l'insuline. De plus, 

mentionnons l'inhibiteur de l'activateur du plasminogène (PM- 1) qui voit son expression 

augmenter au niveau de l'adipocyte sousîutand abdominal hypertrophié (Eriksson et al., 

1998) et dont la sécrétion accrue pourrait contribuer à l'augmentation de problèmes vasculaires 

(Shimomura et al., 1996). De futures études pourraient être entreprises pour vérifier si, pour 

une distribution regionale de tissu adipeux doande, des individus caractérisés par une 

hypertrophie des adipocytes sous-cutanés abdominaux exprimeraient des niveaux supérieurs 

de PAL1 etlou de RJF-a comparativement à des individus présentant de petits adipocytes. 

En raison d'une diminution drastique des travaux physiques auxquels l'homme était autrefois 

contraint et de l'augmentation du phdnomtne de suralimentation auquel il est maintenant 

confronté, il est bien COMU que l'obésitb est de plus en plus prépondérante au sein des pays 

industrialisds (Flegal et al., 1998). De plus, plusieurs études rapportent qu'une accumulation 

excesssive de tissu adipeux, notamment au niveau abdominal, est fortement associée à des 

complications métaboliques préjudiciables pour la santé (Bjtlrntorp, 199 1 b; Després, 199 1 ; 

Kissebah et al., 1994). Ces observations incitent ainsi le clinicien a adopter des stratdgies 

favorisant la prévention etlou le traitement de l'obdsité et des altérations métaboliques qui en 

découlent. La restriction calorique est l'une des stratégies communément utilisees qui entraîne 

des changements métaboliques particuliers au niveau de l'adipocyte. L'étude du Chapitre 6 

relate qu'en réponse ii une perte de poids moderte induite par une restriction calorique de 15 

semaines, les changements de l'activitd de la lipoprotéine lipase (LPL) diffêrent selon le sexe 

de l'individu. lusqu'à maintenant, les mécanismes explicatifs de cette divergence sexuelle au 

niveau de la variation de l'activité de la LPL demeurent inconnus. Il est toutefois possible que 

celle-ci soit en putic expliqute par les variations de concentrations bhomones sexuelles chez 

les hommes et les femmes en réponse B la perte de poids (Zumoff & Strain, 1994). Il  convient 

de noter que Fampleur de la perte de poids induite pat une restriction calorique semble être B 

l'origine des divergences de la littdrattare en ce qui a trait aux effets de la perte de poids sur 

l'activitd de la LPL (Rebuffë-Scnve et al., 1983). A ce titre, rappelons que certaines ttudes ont 

rapport6 une augmentation de l'activité de la LPL du tissu adipeux aprés une perte 

substantielle de masse corporelle (Kem et al., 1990; Schwartz et ai., 1981), pouvant ainsi 

expliquer la prédisposition au regain de poids h laquelle les individus "post-obèses" sont 



souvent confrontés. Sur la base de ces résultats, il serait pertinent d'étudier l'activité de la LPL 

périodiquement (par exemple, toutes les 2 semaines) et sur une longue échéance lors d'un 

programme de perte de poids sévère pour déterminer le moment à partir duquel la machinerie 

enzymatique de l'adipocyte semble être prédisposée à favoriser la resynthèse des graisses. Une 

autre cible intéressante que l'on pourrait envisager d'étudier lors de cette stratégie de perte de 

poids progressive serait le TNF-a. Tout comme l'activité de la LPL, une certaine controverse 

existe quant il l'effet d'une perte pondérale sur l'expression du RIF-a. En effet, des travaux ont 

rapport6 une diminution significative de l'expression du TNF-a suite à une perte massive du 

poids corporel (Le. perte moyenne de 35 kg) (Kern et al., 199S), alors que d'autres ont montré 

une augmentation du transcrit TNF-a apr6s une perte de poids moderée de 6 kg (Bastard et al., 

1999). Ces résultats concordent bien avec les divergences qui existent au niveau de l'activitd 

de la LPL suite B une perte de poids en se rappelant que l'expression du TNF-a exerce un effet 

inhibiteur sur l'activitt de la LPL (Kern et al., 1995). Enfin, une meilleure connaissance de la 

quantité perdue de poids corporel A laquelie le métabolisme de l'adipocyte se réorganiserait 

pour favoriser la resynthkse des graisses permettrait de mieux comprendre le phénomhe de 

résistance A l'amaigrissement qui peut survenir avant l'atteinte d'une normalisation pondérale. 

Nous avons également montre dans le Chapitre 7 qu'en réponse à une perte pondérale induite 

par une restriction calorique de 15 semaines, la sensibilite $-adrénergique lipolytique @lus 

particulièrement PZ-adrénergique) des adipocytes sous-cutanés abdominaux et fémoraux 

d'hommes et de femmes obèses augmente de façon significative. Cette amélioration de la 

sensibilite est notamment expliqude par une Wvation du nombre de récepteurs fb 

adrénergiques au niveau des deux dépôts adipeux &di&. A Pinverse, nous avons observe une 

diminution de la sensibilitd oc2-adrdnergique des adipocytes soustutanés du site abdominal 

chez l'homme et des adipocytes des deux depôts chez la femme en réponse A la perte 

pondCrale, ceci n'&tant toutefois pas associée il une baisse des récepteurs a2-adrénergiques. Ces 

travaux nous auront permis de bien caractériser les effets d'une perte de poids modérée sur la 

lipolyse induite par les cat6cholamines au niveau d'adipocytes isoles. Des enides 

additionnelles seraient toutefois nécessaires pour approfondir les effets d'une perte pondCrale 



sur les voies d'inhibition de la lipolyse. En effet, peu d'études jusqu'k maintenant ont 

documenté l'impact d'une restriction calorique sur les voies antilipolytiques stimul6es par 

l'insuline, les prostaglandines de type E2 ou le peptide W. Sur la base du fait que le tissu 

adipeux humain est caractérisé par la présence de récepteurs aux androgènes (Dieudonné et 

al., 1998; Miller et al., 1990) et aux oestrogenes (Minitani et al., 1994; Price & O'Brien, 

1993), il serait également intéressant d'examiner les effets directs des stéroïdes sexuels sur la 

lipolyse d'adipocytes isolés avant et après une perte pondthle. 

Dans un autre volet de cette thèse, nous avons étudié l'effet de l'âge sur le métabolisme du 

tissu adipeux. A ce titre, nous avons rapporte une diminution significative de la capacité 

lipolytique des adipocytes sous-cutanés abdominaux et fémoraux d'individus moyennement 

âges comparativement B des sujets jeunes, bien que les deux groupes prdsentaient une masse 

grasse identique (Chapitre 8). De plus, nous avons observ6 dans le Chapitre 9 que I'âge semble 

jouer un rôle activateur au niveau des transcrits de la lipase homono-sensible (LHS) et du 

complbment 3a (C3a). A l'inverse, nous avons rapport6 des niveaux d' ARNm de la LPL et de 

PPARy similaires au niveau du tissu adipeux souscutand abdominal. On peut donc penser que 

la capacitd fonctionnelle de l'adipocyte ik mobiliser des graisses semble être altérée chez 

l'homme moyennement âgé, bien que ceci ne soit pas expliqué par un défaut au niveau 

transcriptionnel de la LHS. Il n'est pas impossible que cette altération de la capacité 

lipolytique puisse intervenir dans le phénoméne de gain de poids corporel associé au 

vieillissement chez l'homme. D'un point de vue mecanistique, il est probable que l'alteration de 

la capacité lipolytiqw des hommes d'âge moyen soit expliquée par un défaut du transporteur 

intracellulaire des acides gras nommé aP2 (adipocyte @id-binding protein). Cette hypothkse 

est ik la base du fait que I'invalidation du gene aP2 chez des souris entraîne une diminution 

significative de la lipolyse basale et stirnulte des adipocytes isolés en comparaison à des souris 

contrôles (Coe et al., 1999; Scheja et al., 1 999). L'accumulation prononcde des acides gras 

l'int6neur des adipocytes de souris mutdes dont la protdine aP2 est inactive entraberait un 

effet inhibiteur bien COMU sur la LHS (Ftedrüwn et al., 1981; Jepson & Yeaman. 1992). 

L'observation &ente de la formation d'un complexe entre la LHS et l'a2 procure une base 

solide selon laquelle la lipolyse est contrôlée i& l'intérieur mtme de l'adipocyte par l'aP2 (Shen 

et al., 1999). A la lumière de ces résultats, il serait donc pertinent de mesurer les niveaux 



protéiques d'aP2 chez des sujets jeunes et d'âge moyen pour vérifier si ce facteur adipocytaire 

peut être implique dans ltalt&ation de la capacitd lipolytique associée au vieillissement chez 

l'homme. 

Parallèlement, nous avons étudié le métabolisme du tissu adipeux sous-cutané de femmes prd 

et postm~nopausées. En effet, l'étude du Chapitre 10 nous a permis de montrer que malgré un 

état endocrinien différent, des femmes pr6 et postménopausees caractérisées par une 

distribution rigionale du tissu adipeux similaire prdsentent une balance 

lipolytique/lipog6nique comparable. Cette experience nous a ainsi permis de mettre en 

évidence l'importance de considérer la distribution regionale du tissu adipeux lorsque l'on 

désire caractériser l'équilibre lipolytique!lipogenique de l'adipocyte. Des études futures 

pounaient évaluer si les mecanismes lipolytiquedipog6niques de la cellule adipeuse varient 

en fonction des changements possibles de la distribution regionale du tissu adipeux 

consdquents h une rCversibilitt de l'dtat rn6nopausd induite par substitution hormonale. En 

effet, nous pourrions étudier le métabolisme du tissu adipeux sous-cutané de femmes 

ménopausées caractérisees par une accumulation de tissu adipeux au niveau abdominal avant 

et aprks une thérapie oestro-progestative d'une durée nécessaire pour induire des changements 

morphologiques de la distribution du tissu adipeux celui d'un groupe témoin. 

Le Chapitre I l  qui compose cette these repose principalement sur le fait que les capacités 

lipolytiques et lipogéniques de l'adipocyte agissent de façon coordonnde et qu'elles influencent 

de façon importante la régulation du métabolisme des acides gras et des lipoprotéines 

plasmatiques. Nous avons rapporte que des individus camctt5risés par une faible sensibilitd a29 

adrenergique (Le., antilipolytique) au niveau des adipocytes sous-cutands abdominaux en 

situation de jeûne prdsentent des niveaux plasmatiques éleves de TG A jeun qui, par 

conséquent, entraînent des altdrations importantes au niveau de la mobilisation postprandiale 

de TG. Nos travaux ont ainsi permis de mettre en évidence l'impact de la sensibilitt 

antilipolytique a2-addnergique des adipocytes de la région sous-cutanée abdominale sur le 

devenir postprandial des Lipoprott!ines riches en TG chez l'homme. Il serait de mise dans le 

fiitur de vdrifier si la capacité antiiipolytique de l'iasuüm au niveau dadipocytes isolds aprts 

une période de jeilne pourrait aussi être prtdictrics des modulations postprandiales des 



concentrations de lipoprotéines riches en TG. De plus, des études additionnelles pourraient 

être entreprises pour vérifier si nos observations s'appliquent chez la femme préménopausée. 

lusqu'à présent, quelques travaux ont permis d'identifier l'âge comme étant un facteur qui 

altère le métabolisme des lipoprotéines plasmatiques en situation postprandiale (Cohn et al., 

1988; Krasinski et al., 1990; van Beek et al., 1999). Toutefois, les mécanismes expliquant 

cette observation sont encore inconnus. En considérant les effets du vieillissement sur le 

métabolisme du tissu adipeux rapport& précédemment, il serait donc intéressant d'étudier le 

métabolisme des lipoprotéines plasmatiques en situation postprandiaie de sujets jeunes et dàge 

moyen pour vérifier si les capacites lipolytiques et lipogéniques adipocytaires de ces derniers 

peuvent contribuer B l'altération de la lipémie postprandiale. 

En plus de sa capacité antilipolytique qui est notamment médiee par les recepteurs az- 

adrénergiques, I'adipocyte dispose Cgalement de rkepteurs p-adrénergiques h caractere 

lipolytique qui sont recrutés par l'isopténaiine. Nous avons montré dans le Chapitre 12 que la 

réponse lipolytique maximale à ce B-agoniste s'avère un déterminant non négligeable de 

l'oxydation lipidique (30% de la variance) mesurée par calorimétrie indirecte chez des sujets 

obéses. Ces observations confirment en quelque sorte les résultats d'une étude antérieure 

rapportant que les individus obtses prdsentent une altération dans leur capacité oxydative 

lipidique en réponse A une stimulation $-adrénergique systémique (Blaak et al., 1994a). Outre 

l'exercice qui présente le potentiel d'augmenter la faculte lipomobilisatrice de l'adipocyte en 

réponse à une stimulation f3-adrénergique, il pourrait être intéressant de développer des 

composds chimiques (ou même des neutraceutiques) pouvant stimuler les récepteurs f3- 

adrénergiques des tissus musculaires et adipeux afin de favoriset la mobiiisation des graisses 

au niveau de I'adipocyte et d'induire la thermogénése via les récepteurs P-adrhergiques du 

muscle squelettique de i'individu prbsentant une surcharge ponddrale. Des strategies funws 

pour le traitement de Foôésité pourraient égaiement reposer leur approche sur la combinaison 

d'une pratique réguii&rc d'exercices et la prise de composCs aux propridtés lipomobilisatnces. 

A ce titre, nous pourrions comparer i'efficacité d'un programme de perte de poids en 

comparant 2 poupes d'hdividus obèses caiactdrîsCs initialement par la même distribution 

rkgionale de tissu adipeux; Fun soumis & un programme d'entraînement d'une durCe de 15 



semaines (seances aerobiques 3-4 foislsem, 30 min/séance à 65% de la V02max), l'autre 

soumis au même programme d'entraînement combiné A la prise quotidienne d'un composé aux 

propriétés lipomobilisatrices. 

Finalement, les travaux qui composent le Chapitre 13 ont montré qu'une perte de poids 

entraîne une réduction significative de l'expression du facteur tnuiscriptiomel implique dans la 

différenciation adipocytaire, PPARy au niveau du dépôt sous-cutané abdominal. Par ailleurs, 

cette étude a tté rtalisée sur la base du fait que la perte ponderale chez des sujets obhses 

entraîne une augmentation des concentrations plasmatiques et tissulaires d'organochlorés 

(Backman & Kolmodin-Hedman, 1978; Chevrier et al., 2000; Walford et al., 1999) et que 

certains polluants exercent un pouvoir prolifhteur sur les peroxysomes (Dreyer et al., 1992). 

Sachant que l'expression de plusieurs génes est afEect6e par les prolifdrateurs de peroxysomes 

sous la dgulation du récepteur nucléaire homonai stdtoïdien, PPARy, nous avons v6rifi6 si les 

changements de concentrations d'organochlorés du plasma et du tissu adipeux en répons i 

une perte de poids avaient le potentiel d'affecter le transcrit PPARy. L'absence de relations 

entre l'augmentation des concentrations plasmatiques et adipeuses d'organochlorés et les 

changements d'expression de PPARy en rdponse A une perte de poids sugghre que les 

organochlords &tudies ne semblent pas influencer directement l'expression de ce facteur 

transcriptionne1 de la diffdrenciation adipocytaire. D'autres facteurs transcriptionnels tels que 

les CEBP et l'ADDlISREBP1 peuvent être cependant influences par l'augmentation des 

concentrations d'organochlor6s subséquente à une perte de poids. De plus, il est fort probable 

que L'augmentation des polluants plasmatiques et tissulaires en réponse B la perte de poids ne 

soit pas suffisante pour entraîner des changements d'expresssion de ces facteurs 

transcriptiomels de la differenciation adipocytaire. Des Ctudes impliquant des pertes de poids 

drastiques seraient ainsi de mise pour vérifier rhypoth&se selon laquelle l'augmentation des 

niveaux de polluants suite B une diminution des rdsewes de graisses corporelles pounait 

entraîner des changements au niveau du mttabolisme de L'adipocyte humain. Il serait d'autant 

plus intdressant d'ttudier directement les effets potentiels des organochlorés nu le programme 

de la WCrenciation adipocytak du m&aboiisme de la cellule adipeuse par la technique de 

culture pcédipocytairr. En d'autres mots, nous pourrions vérifier si ce& organochlorés 



agissent A titre d'activateurs de la différenciation adipocytaire ou encore titre de facteurs 

apoptotiques. 

Étant donne l'accumulation potentielle d'organochlords au niveau du tissu adipeux, il est 

possible que ce tissu joue un rôle protecteur contre les éventuels désordres endocriniens et les 

facteurs de risque de dtveloppement de cancers caus6s par les organochlorés. Une stratégie de 

recherche qui pourrait être mise de l'avant pour vdrifier cette hypothèse consisterait à 

soumettre des animaux maigres et obhses A une diete contaminée par de tels agents. Ainsi, 

nous pourrions vCrifier s'il existe des divergences temporelles dans le développement des 

désordres endocriniens entre les deux souches d'animaux. Par ailleurs, le développement 

récent de souris lipoatrophiques de type A-ZIPIF-1, gui se caractérisent par leur absence de 

tissu adipeux (Moitra et aI., 1998). pourrait Cgalement etre utile pour vdrifier si une greffe de 

tissu adipeux prCmunirait ces souris des Cventuels risques endocriniens ou de développement 

de cancers reliés 4 la consommation d'une di& enrichie de con taminants. 

En conclusion, nos travaux ont permis de caracteriser les effets de la perte pondérale et du 

vieillissement sur la balance lipolytique/lipogtnipue des adipocytes isolés des régions sous- 

cutaades. De plus, nos études ont montrt le rôle que joue la cellule adipeuse dans la régulation 

du profil métabolique et de it6quilibre tnergdtique chez l'être humain. L'ensemble des domdes 

obtenues a donc conduit A une meilleure comprdhension des facteurs (Le. sexe, âge, 

composition corporelle) qui influencent les mdcanismes rdgulateurs des processus de stockage 

et de mobilisation des lipides et pourrait ainsi favoriser le développement de nouvelles 

stratégies cliniques daas le traitement de l'obesité. 
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