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Abstract 
A novel method was developed to facilitate long-term microcalorimetric and 

biochemical studies in white fat cells. Isolated rat adipocytes were primary cultured in 
a 3D-matrix of agar gel. Thermogenesis was measured continuously over 72h by using 
an LKB BioA~ti~~Mo~tor. Glucose and lactate concentrator were determmed in 
the medium of parallel cultures every 24h. 

Glucose consumption and lactate production rates were constant over 72h whether 
employing aerobic (0.50 and 0.44 pmol/cell*h, respectively) or partial anaerobic 
culture conditions 0.41 and 0.5? pmol/celLh, respectrvely). *Aerobic{94 

‘h partial anaerobic t e 
W/cell), and 

+rmogenesrs (39 pW(cel1) were mamtamed durmg 2h. Addmon 7 
of isoproterenol(l0 M) increased aerobic heat production by 48%. 

1. INTB0BUcTION 

In every living system energy is taken up and metabo~zed or stored. Via the 
thermogenic process heat is produced by cellular metabolism and subsequently 
dissipated into the environment. A diminished capacity of thermogenesis in relation to 
the actual energy intake leads ultimately to an increase of adipose tissue which is the 
major energy reservoir of the body [l]. Undoubtedly many mvestigators have been 
challenged to deal with cellular heat exchange. However, the 
energy expenditure on cellular level is chiefly based on anima P 

resent knowledge about 
experiments and mainly 

restnfted to yield estimation of substrate exchange as measured in blood or 
occasronally in tissue samples. Direct microcalorimetry may represent a novel 
approach to characterize energy balance by direct determinatron of heat output of 
isolated cells allowing sensitive and continuous assessment of cellular heat production. 

Until now mi~o~~o~metric studies of isolated white adipocytes have only been 
employed in cell su~ensions [2-6]. These cells, however, exhibit a short lifetime in 
suspension which invalidates long-term or repeated me~urements [7]. According to a 
recent report the viability of white adipocytes can be maintained in el cultures u to 
six weeks [8]. Thus, we employed these suggestions for ‘i ong-term ( 2h) -Y 
microcalorimetric investigations in rat adipocytes. In this report continuous 
measurement of heat production was combined with simultaneous assessment of 
glucose consumption and lactate and pyruvate production in fat cell cultures. 
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2. METHODS 

2.1. Materials 
Epididymal and retro 

Dawley rats. Medium 19 ! 
eritoneal adipose tissue was obtained from male Sprague- 

HEPBS (300 m 
%J 

was purchased from Gibco Ltd. and supplemented with 

type I was from 
/I) and 10% fetal calf serum (Boehringer Marmherm). Collagenase 
orthington Biochemical. 

2.2. Primary culture 
White fat cells were isolated according to a modification of the method of 

RODBELL [RlOJ: Tissue samples were minced with scissors and incubated for 60 min at 
37OC in culture medium containing 2 mgfml collagenase. Isolated fat cells were 
filtered through a nylon mesh and subsequently washed three times with culture 
medium. Cell number was determined microsco ically with a hemocytometer. 

Gel cultures were prepared in glass ampou es. 150 ~1 of packed adi e o es were 
embedded in a 3D-matrix of a ar el which was 

d% 
VT 

[ll]. Then the ampoules were lle P 

repared as described y RESHNEY 
up to 1.5 ml “aerobic culture conditions”) or 2.25 

ml (“partial anaerobic culture conditions”) with a ar-free medium. The gas phase was 
1.5 or 0.75 ml air with 5% CC&. Ah uots of iso ated adipocytes were maintained in 
sus 

ge 
nsion cultures for compartsoa ;a 

P 
ese 

wit 1.5 ml of cell suspension. 
cultures were prepared by filling ampoules 

2.3. Microcalorimetry 
Thermogenesis in fat cell cultures was measured for 72h with a thermopile heat 

conduction calorimeter (LKB BioActivityMonitor 2277) fitted with four am oule 
measuring cylinders (LKB 2277-202) as described by WADSO and co-workers [l s 
Under the experimental conditions used in the present work initial instabili 

;13]. 
of the 

s stem 
J 

hampers reliable assessment of heat production duri the first 2 
herefore we measured thermogenesis between 20 and 72h. “ffn 

$ hours. 

measurements was 9.0 % (C.V.). 
e precision of the 

The effect of isoproterenol on fat cell heat 
ing manner: Basal ~ermogenes~ was mo~tore B 

reduction was assessed in the follow- 

for 24h. Then the am 
in 4 identical cultures simult~eously 

tion were injected wit 
ules were taken out of the calorimeter. 50 ~1 of ho~one solu- 

Ip sterile syringe and needle through the caps of two ampoules. 50 
~1 of medium without additives were injected into the remainig two ampoules. Then 
all ampoules were inserted into the calorimeter. After 60 minutes the measuring 
system was equilibrated and hormone induced heat production could be measured. 

2.4. Biochemical analyses 
In order to assist interpretation of the microcalorimetric measurements 

concentrations of 
determined after %l 

ucose, lactate and pyruvate in the medium of parallel cultures were 
,24,48, and 72h by known enzymatic methods [N-16]. Cell viability 

was determmed by fluorescence microscopy after staining wtth acridine orange 
(0.1% w/v) 1171. 

3. RESULTS 

3.1. Cell viability 
Viability of adipocytes in gel culture was >90% throughout the whole period of 

72h as indicated by acrtdine orange staining. In suspension cultures however, adipocyte 
viability declined rapidly during the experiment. After 72h cell necrosis was widely 
apparent as jugded by macroscopic exammation. 
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3.2. Glycolysis 
The rates of glucose consumption and lactate 

P 
reduction of adipocytes in gel 

culture were constant during 72h as indicated by the mear time-course of lucose and 
lactate concentrations in the medium 
conditions glucose consumption was d 

Fig. 1). Under partial anaero ic % culture 
18 o lower and lactate production was 30% 

higher than that under aerobic conditions. The ratio of glucose uptake to lactate 
r~u~on was 1 : 1.4 under partial anaerobic and 1 : 0.9 under aerobic condition. 

L vate production was negligible irrespective of culture conditions (Fig. 2). 

33. Basal thenaogeaesis 
The avera e u~tim~ated heat 

% 
reduction of adi es 

partial 
in gel culture under 

anaero ic experimental % con rtions (n=9) was 58 o lower than that under p”? 
aerobx conditions (n =4). The initial measurements exhibited cellular heat production 
of 39 t 9 pW under partial anaerobic and 94 + 7 pW under aerobic conditions (mean 
+- SE; p<O.OOS). Throughout the remaining 5Oh heat production declined by 21% 
under partial anaerobic and 20% under aerobic conditions. The course of 
thermogenesis is illustrated in Fig. 3. In sus 
appro~mately exponential by 75% witbin 50 R 

ension cultures thermogenesis declined 
ours (data not shown). 

3.4. Hormone induced thermogenesis 
Heat production of adip es in gel culture under aerobic culture conditions was 

increased by 48 + 8 % with 10’ M isoproterenol (mean t SE, n = 10; p < 0.001). Lower 
concentration of ~proterenol (lO+lkr; n =4) had no significant effect on thermogenis. 

A 

Figure 1, Timeuxuse of glucose (A) and lactate (B) concentrations in the medium of fat 
cell gel cultures under aerobic (----) and partial anaerobic (-) conditions (mean f SD) 
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Figure 2. Glucose consumption and lactate and pyruvate production of fat cells in gel 
culture under aerobic and partial anaerobic culture conditions (mean _’ SD; * p c 0.05) 

Figure 3. Cellular heat production of fat cells in gel culture under aerobic (-) and partial 
anaerobic (- - -) culture conditions (mean f SE; p < 0.001) 

4. DISC!DSSION 

The original method for culturing white fat cells in collagen gel [8] could not be 
entirely ado ted in the present stud . 
suspended ce E 

ve 
s gather at the surface wi x 

Collagen solution gels 
out being fiied within the gel. % 

slowly thus 
erefore as a 

minor modificatron, aliquots of packed adipocytes were enclosed m agar which gels 
much faster than collagen gel. 

Under aerobic culture conditions rat adipocytes cultured according to this 

(Fig. 8) 
techni ue showed a somewhat higher glucose eruption and lactate production 

th an in other studies performed in suspensions (0.3-0.4 and 0.2-0.3 
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pMol/cell*h, respectively). However, the percentage of glucose metabolized to lactate 
under aerobic conditions (44%) was the same as reported by other investigators (40- 
50% [ 18-20). 

$ asal thermogenesis of gel-cultured adipocytes as measured in the present study is 
in line with previously reported short-term assessment of heat 

P 
reduction in 

suspension cultures from rats (40 pW/cell) [2] and humans (49 pW/ce 1) [4;5]. Long 
term microcalorimetry in fat cell suspensions however, revealed a sha 

TR 
decline of 

heat production after 6-1Oh of culture. This was 
number of living cells rather than to a diminished ce K 

resumably due to t e declining 
ular heat production. Occurrence 

of cell necrosis in suspension cultures as observed in the present study was in 
agreement to the theory of large cell necrosis [7]. 

An interesting observation in the present investigation was the lower heat 
production of adipo 
aerobic conditions. Zl 

es in gel culture during partial anaerobiosis as compared with 
is phenomenon can be explained by the decreased glucose 

consumption presumably associated with diminished glucose oxidation since lactate 
productton is elevated. The apparent decrease in glucose oxidation is of the same 
relative ma~tude as the decrease in the~ogenesis since glucose de~adation to 
lactate yields ~nsiderably smaller change in free enerp;y than that to CO, 

The addition of the &agonist isoproterenol to fat cells in gel culture resulted in an 
immediate increase of thermogenesis which turned back to the initial rate of 
thermogenesis after several hours. This effect is probably due to A-adrenergic 
stimulation of triglyceride - fatty acid cycling as earlyer postulated [21;22]. 

The great strength of long-term microcalorimetry as described in the 
is the capability to refer heat production to prolonged biochemical, en a 

resent study 
ocrinological 

and immunological processes with ma indeed control and regulate thermogenests in 
the cell. An a pro 

P l! 
riate assessment o fy 

steady state. 
cellular energy expenditure requires metabolic 

nsta ility of the system is always accompanied with variations emergin 
from measurement at metabolic disequihbrium invalidating the assessment o f 
thermogenesis. Actually in the present study the relative rate of heat 
glucose consumption and lactate production were virtually maintaine B 

reduction, 
over 72h 

indicating metabolic steady state and, thus, adequate measurements of thermogenesis. 
Indeed, epididymal and retroperitoneal rat adip es as used in the present work are 
certainly not re resentative for human fat ccl with regard to their metabolic oX! 
behaviour. Yet tg e results of this meth~olo~c~ study may assist in future evaluation 
of thermogenesis in human adipocytes in vitro. 
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