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Summary.  Lipolysis (release of glycerol and free fat ty  
acids) of subcutaneous human adipose tissue in vitro has 
been investigated in relation to relative body weight and 
fat cell size. Studying 86 persons, there was a highly 
significant logarithmic relation between relative body 
weight, fat cell size and lipid content of subcutaneous 
adipose tissue obtained from the abdominal region. Even 
in extreme obesity a mean fat cell diameter of 135 ~z was 
generally not  exceeded. In  these cases overweight is due to 
hypertrophy as well as hyperplasia of adipose tissue. -- 
The basal ~ F F A  and glycerol release, calculated on 
the basis of the lipid content, did not significantly 
differ in normal and overweight persons. The lipolysis 
of the individual cell increased, however, with increasing 
cell diameter. The quotient  of resterification (FFA 
release: glycerol release) was significantly lower in 
obesity. -- When lipolysis was stimulated with norepine- 
phrine, theophylline or dibutyryl-cyclic AMP, the dose 
response relations were similar in obesity and normal 
weight. -- The stimulation of lipolysis, expressed as % 
of baseline, was diminished in obesity. Stimulation with 
dibutyryl-cyclic-AMP was negatively correlated to the 
cell diameter. -- The absolute release of metabolites per 
fat cell after stimulation with norepinephrinc, theo- 
phylline or dibutyryl-cyclic AMP was positively corre- 
lated with the fat cell diameter. --  Addition of glucose 
resulted in an increment in glycerol release and an inhibi- 
tion of F F A  release. However,  the correlation of lipolysis 
with fat cell diameter was not affected. -- The obser- 
vations suggest that  large fat cells are provided with 
additional total  lipase. Under basal conditions the rela- 
tion of inactive prolipase to active lipase seemed to change 
in favour of the active enzyme. 

Effets de la noradr&~aline, de la thdophyUine et du 
dibutyryl A M P  cyclique sur la lipolyse in vitro du tissu 
adipeux humain dans l'obdsitd 

Rdsumg. Le but  de ce travail  est d 'examiner si la 
lipolyse (lib6ration de glyc@rol et d'acides gras libres) du 
tissu adipeux humain sous-cutan6 6tudi6 gn vitro est 
affect6e par l'exc6s ou le d6ficit pond~ral et par la taille 
des adipoeytes. Chez 86 sujets, Line relation tr6s 6troite a 
pu @tre 6tablie entre l'exc6s ou le ddficit ponddral d 'une 
part,  et  le logarithme de l a  teneur en lipides ou le loga- 
r i thme du diam6tre moyen des adipocytes du tissu 
adipeux sous cutan6 abdominal d 'autre  part.  Cependant, 
m@me en cas d'adiposit6 extr4me le diam6tre moyen de 
l 'adipocyte ne d6passe pas 135~. Dans cos cas, l'ob6sit6 
ddpend a la lois d 'une hypertrophic et d 'une hyperplasie 
du tissu adipeux. La libgration basale d'acides gras et de 

* The results were presented in part  at the Fif th  
Congress of the German Diabetes Association, Bad Godes- 
berg (Berger e$ al. 1970) and at the Seventh Congress of 
the Internat ional  Diabetes Federation, Buenos Aires 
(Jahnke et al. 1970). 

glye6rol dans le milieu d'incubation n'est pas affect6e par 
la surcharge pond6rale, si l'on se rdf6re k la teneur en 
lipides du tissu adipeux. Par centre, eette lib6ration 
d'acides gras et de glyc6rol est significativement plus 
grande si l 'on se r6f6re au diam6tre moyen des cellules. 
Bans l'ob6sit6, la lib6ration d'acides gras libres est propor- 
tionellement plus faible que celle de glyc6rol. Une aug- 
mentat ion de la lipolyse a pu @tre obtenue par l 'adjonction 
au milieu d' incubation de nor-adr6naline, de th6ophylline 
et do dibutyryl-AMP cyclique. La relation dose-effet fur 
comparable que le tissu adipeux provienne de sujets de 
poids normal o u d '  individus ob6ses. N6anmoins, ex- 
prim6e en % des valeurs de base, la stimulation de l a  
lipolyse est plus faible ehez les patients ob6ses. Une 
corr61ation n6gative entre la r6ponse lipolytique au 
dibutyryl-AMP eyclique et le diam6tre des adipocytes a 
6t6 observ6e. La quantit6 absolue de glye6rol ou d'aeides 
gras lib6r6s en pr6sence de noradr6naline, de th6ophylline 
ou de dibutyryl-AMP cyclique 6tait en corr61ation positive 
avec le diam6tre des adipocytes. Bien que le glucose 
stimule la lib6ration de glye6rol et inhibe la lib6ration 
d'acides gras libres, ces effets du glucose n 'ont  pu 4tro 
mis en relation avec le diam6tre cellulaire moyen. 
- -  lqos observations nous permettent  de conclure que les 
adipoey~es de grande taille poss6dent une quantit6 
suppl6mentaire de lipase et que dans les conditions 
basates la proportion de lipase active dans cos cellules est 
vraisemblablement plus 61ev6e. 

Dcr Einflufl yon Norepinephrin, Theophyllin und Di- 
butyryl.cyelo-AMP auf die in vitro ~Lipolyse des mensch- 
lichen Fettgewebes bei _Fettsucht. 

Zusammenfassung. Die Lipolyse (Freisetzung yon 
Glycerin und freien Fetts~uren) des subcutanen mensch- 
lichen Fettgewebes in vitro wurde in Abhiingigkeit veto 
relativen K6rpergewicht und der Fettzellgr61]e unter- 
sucht. Bei 86 Personen bestanden hoehsignifikante 
logarithmische Beziehungen zwischen relat ivem K6rpcr- 
gewieht, Fettzelldurchmesser und Lipidgehalt des sub- 
cutanen Fettgewebes der Bauchregion. Ein mitt lerer 
Fettzelldurchmesser yon 135 ~ wurde aueh bei extremer 
Adipositas praktisch hie iiberschritten. Adipositas ist in 
diesen F/~llen auf I-Iypertrophie und Hyperplasie des Fet t -  
gewebes zuriickzuf'dhren. -- Die basale Freisetzung von 
Glycerin und freien Fettsiiuren bezogen auf den Lipid- 
gehalt war bei Norm: und Ubergewicht nicht signiiikant 
unterschieden. Die Metabolitfreisetzung der Einzelzelle 
nahm jedoch mit  wachsendem Zelldurchmesser zu. Der 
Lipolysequotient Q (Verh/~ltnis FFS-Freisetzung:  Gly- 
cerinfreisetzung) war bei Adipositas signifikant kleiner. --  
Die Lipolyse wurde durch lqorepinephrin, Theophyllin 
und Dibutyryl-cyclo-AMP stimuliert. Die Konzentrations- 
abh/~ngigkeit der Effekte war bei l~orm- und Obergewieht 
/ihnlich. -- Die Stimulierbarkeit der Lipolyse in Prozent 
des Basalwertes war bei Adipositas vermindert.  Es be- 
stand einc negative Korrelation der Stimulierbarkeit 
dureh Dibutyryl-cyclo-AlYiP zum Zelldurchmesser. Die 
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absolute Metabolitfreisetzung der Fettzelle bci Stimula- 
tion mit Noradrenalin, Theophyllin oder Dibu~yryl- 
cyclo-AMP nahm mit steigender ZellgrSl3e signifikant zu. 
-- Zusatz yon Glucose ffihrte zur Steigerung der Glycerin- 
freisetzung und zur Hemmung der FFS-Freisetzung, die 
Korrelation der Lipolyse zum Zelldurchmesser wurde 
dadurch nicht wesentlieh ver~tndert. -- Diese Beobach- 
tungen lassen den Schlul~ zu, dal3 gro2e Zellen mit zusiitz- 

licher Gesamtlipase ausgestattet sind und dal~ unter Ba- 
salbedingungen das Verhiiltnis inaktiver l~rolipase zur 
aktiven Lipase zugunsten des aktiven Enzyms verscho- 
ben ist. 

Key words: ~uman adipose tissue, fat cell size, obesity, 
lipolysis, reesterification, norepinephrine, theophylline, 
DB-C-AMP. 

Obesity is the consequence of hyperplasia and 
hypertrophy of adipose tissue (Hausberger, 1965; 
Gries et al., 1970). Investigations performed on obese 
mice have shown that  lipogenesis and lipid mobifisation 
of the fat cell are apparently related to these morpho- 
logical changes (Mayer, 1965; Herberg et al., 1970). 
Investigations in vitro of catecholamine-induced 
lipolysis of human adipose tissue in obesity resulted 
in contradictory observations and interpretations 
(Mosinger et al., 1965; BjSrntorp and Hood, 1966; 
Preiss et al., 1967; Thamer, 1969; Faulhaber et al., 
1969; Goldrick and McLoughlin, 1970), the greater 
part  of which can be explained by the differences in 
reference systems. 

In  the present study the regulation of lipolysis in 
the adipose tissue of obese subjects was analysed by 
investigating the effect of different lipolytic agents, 
which activate adipose tissue lipases at different sites, 
and by taking into consideration different reference 
systems. 

Materials and Methods 
1. Patients 
The morphology of fat  cells was investigated in 

86 subjects, 45 women and 41 men aged from 17 to 
73 years with different relative body weight (Broea 
index 1 0.52 to 3.36). The tissue samples were obtained 
by  biopsy (see below) or at the beginning of abdominal 
surgery. All tissue samples were taken from the 
subcutaneous adipose tissue of the abdominal region. 

Metabolic assays were performed with tissue ob- 
tained by biopsy from two groups: 
a) 19 normal male subjects with ages ranging from 

20 to 30 years and a Broca index between 0.9 and 
1.1; 

b) 19 overweight patients, 14 men and 5 women, with 
ages ranging from 20 to 30 years and a Broca index 
between 1.28 and 3.36. 
The subjects did not show any evidence of endo- 

erinopathies, manifest diabetes mellitus (the controls 
were also screened for subclinical diabetes mellitus) or 
inflammatory processes. All subjects had been in- 
structed to ingest 100 g of glucose per os, in addition 
to their usual food intake, 1 day before biopsy. Accord- 
ing to the results of earlier experiments it was not 
necessary to consider men and women separately 
(Berger, 1970). 

actual weight 
1 Broca index = normal weight accordfllg to Broca. 

2. Biopsy and preparation of adipose tissue 
Adipose tissue was obtained @om the left lower 

quadrant of the abdominal region after an overnight 
fast using local anaesthesia which was achieved by  
intraeutaneous infiltration with 0.5 ~o novocain, thus 
avoiding contact between fat  cells and the anaesthetic 
(Preiss et al., 1967). The tissue was transferred to 
Krebs-Ringer bicarbonate buffer (KRB) at  37 ~ C. Sec- 
tions of adipose tissue devoid of gross amounts of con- 
nective tissue, with a thickness of less than 2 mm were 
prepared carefully. All incubations were performed in 
Krebs-Ringer bicarbonate buffer, with 4 g albumin per 
100 ml, at 37~ in a metabolic incubator, with a shak- 
ing frequency of 75 to 80 per minute. 

During a pre-incubation of 1 hour, the medium 
contained 5.55 mM glucose. Following this pre-in- 
cubation, the pieces of adipose tissue were washed 
with glucose-flee medium and approximately 50 mg 
of tissue transferred to 1 ml of fresh medium with or 
without 5.55 mM glucose. Immediately before the 
main incubation and before adding the tissue, lipolytic 
agents were added to the medium as indicated. The 
main incubation was carried out for 2 h in 2 ml plastic 
vessels. Thereafter, the incubation flasks were placed 
in iced water for 20 rain in order to equilibrate extra- 
and intraeellular concentrations of free fa t ty  acids 
(FFA) and glycerol. Vaughan (1962) has pointed to 
possible errors when the metabolites in the tissues are 
neglected, especially when investigating small tissue 
samples. In our control experiments, the concentration 
of FFA and glycerol in the incubation medium in- 
creased by diffusion out of the tissue by about 4 to 
7 ~o during this period. 

The tissue was extracted (Foleh et al., 1957) and 
the amount of esterified acids (EFA) determined in the 
extracts (Rosenthal et al., 1959). In the incubation 
medium, FFA were determined colorimetrically by a 
modification of the method of I taya  and Ui (1965), 
according to Herberg and Hesse-Wortmann (1969), 
and glycerol was determined by  the glycerol kinase 
reaction, fluorimetrieally (Berger 1970) or according to 
Kreutz (1962). The release of metabolites was calculated 
per g of adipose tissue wet weight, per mMol EFA of 
the tissue or per 105 cells. All incubations and analyses 
were done in duplicate. 

3. Determination of the cell number of tissue slices 
Isolated fat cells were obtained from a separate 

part  of the same biopsy using Rodbell's technique 
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(1964) and stained with methylene blue. From a homo- 
geneous suspension of these cells a sample was trans- 
ferred to a siliconized chamber of about  5 F height 
consisting of microslide, silicon grease and cover glass 
and the diameter of 100 cells was determined with an 
eye piece microscope. Cell volume and lipid content 
of the individual cells were evaluated (Zinder et al., 
1967) and the arithmetical mean used for further cal- 
culations. The cell content of the incubated tissue was 
calculated by  dividing the lipid content of the tissue 
by  the mean lipid content of the fat  cells. 

4. Reagents 
Krebs-Ringer bicarbonate buffer was prepared 

with half the amount  of calcium. Albumin (crystalline 
human albumin ("reinst") was purchased in one batch 
from the Behringwerke, Marburg/Lahn and collagenase 
from the Worthington Biochemical Corporation, 
Freehold, New Jersey. The following lipoly~ic substan- 
ces were applied: Dibutyryladenosine-3' ,  5'-mono- 
phosphate, cyclic (monosodium salt), Boehringer 
15205 NAAT (DB-c-AMP), theophylline "reinst"  
Merck, No. 8403 and arterenol (L-norepinephrine), 
Farbwerke Hocchst, Hoechst. 

5. Statistics 
Student 's  t - test  was used for statistical evaluation. 

Indicated are mean values and standard deviations 
(Mean -4- SD) or standard error of the mean (Mean =L 
SEM). In  the ease of linear regression functions, the 
dispersion sy,~, the coefficient of correlation r as well 
as the tolerance and confidence limits are indicated. 

y log1~ mMo[ EFA/g T 

0.5 

0.& 

0.3 

0.2 

y= 0.2507+0.0787x 
,, ..... r= 0.6476 

,-"* 2 p < 0,001 

T =  tolerance limit 
C = confidence bound 

1 I 1 l I i x 
0.5 1.0 1.5 2.0 2.5 3.0 

Index of body weight 
Fig. 1. Relation between the amount of esterified fatty 
acids (EFA) per g wet tissue and ~he relative body weight 
according to Broca (Broca index BI  1.0 = normal weight). 
Indicated are the logarithmic hmetion of correlation, 

confidence and tolerance limits, n = 86 

Results 

Lilgid content and cell size in relation to relative body 
weight 

In  the adipose tissue of 18 normal weight and 17 
overweight subjects the EFA content was 1.98 =L 0.32 
mMol ~nd 2.49 4-0.26 mMol/g tissue wet weight re~ 

spectively. The difference between normal and over- 
weight subjects was significant (p ~0.001).  There was 
a significant correlation of the logarithm of the EFA 
content of the adipose tissue with the Broca index of 
the subjects (Fig. 1). 

The mean fat  cell diameter of 86 subjects of different 
relative body weight was related to the weight index 
(Fig. 2). The mean fat  cell diameter increased with 
augmenting relative body weight. However, even in 
extreme obesity a mean value of 135 F was not exceeded 

130 - 

120 - 

110 - 

100 - 

90 

80 

70 

60 

50 

~.0 
"30 

l 1 ; l I T 1 I t f t 7 
0.5 0.7 0.9 1.1 1.3 1.5 1.7 1.9 2.1 2.3 2.5.2.7 2.9 

Index of body w e i g h t  
5 z, 15 8 15 13 10 8 5 5 -- 

Fig.  2. Fat cell diameter (dE) in subjects of different relative 
body weight. BI = Broca index, mean q- SD, n = 86 
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Fig. 3. Relation between the fat cell diameter dE and the 
relative body weight according to Broca (Broca index). 
Indicated are the logarithmic function of correlation, 

confidence and tolerance limits, n = 86 

even if some individual cells presented a maximal  dia- 
meter  of 200 F. This asymptot ic  reaction of the curve 
resulted in a correlation of the logarithm of the mean 
fat  cell diameter to the relative body weight (Fig. 3). 

Basal lipolysis in relation to relative body weight 
I f  basal release of glycerol and FFA was calculated 

per lipid content of the incubated tissue, no difference 

5* 
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Fig. 4a. Basal and stimulated glycerol a n d  FFA  release from adipose tissue pieces in relation to fat cell diameter 
Indicated is the release in nmol/10 s cells/2 h. Medium : K R B  buffer, 4 g% albumin, glucose free, additions as indicated 
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between the two groups was observed. The "quotient  
of reesterifieation" Q (FFA release: glycerol release) 
was, however, significantly smaller in the obese sub- 
jects (Q = 2.3 =k 0.7) than in the controls (Q = 3.3 • 1.3) 
(p < 0 .001) .  

The release of metabolites per cell of par t  of those 
subjects was determined. I t  appeared tha t  the basal 
metabolite release of the fat  cell was about  three 
times higher in obese persons than in the controls 

The "dose" response relationship for norepinephrine, 
theophylline and DB.e-AMP was similar in normal 
weight and overweight subjects. Lipolysis was most  
effectively stimulated with DB-c-AMP and least with 
norepinephrine (Table 2). 

When stimulation of lipolysis was expressed as ~o 
of baseline, adipose tissue of obese subjects reacted 
less to norepinephrine, theophylline and DB-c-AMP. 
With one exception, the differences were statistically 

Table 1. Basal glycerol and 2X-FA release of adipose tissue in ~mol/2 h gn normal and overweight, referred to g tissue wet 
weight (wet weight), mmol esterified fatty acids ( E F A )  and to 105 cells, medium see legend to -Fig. 4a, mean 4- SD 

Reference 
system / Wet weight EF/k 10 ~ Cells 
Subjects n Glycerol FFA Q* n Glycerol FFA Q* n Glycerol FFA Q* 

Normalweight 10 0.414- 1.44- 3.64- 19 0.234- 0.734- 3.34- 9 0.224- 0.644- 3.34- 
0.09 0.5 1.3 0.08 0.30 1.3 0.13 0.43 1.6 

Overweight 11 0.724- 1.54- 2.24- 19 0.344- 0.774- 2.34- 8 0.644- 2.274- 3.14- 
0.20 0.5 0.8 0.14 0.29 0.7 0.22 0.64 1.5 

p** < 0.01 ns < 0.05 ns ns < 0.001 < 0.001 < 0.001 ns 

Q* = FFA release/glycerol release. 
p** = probability of differences in mean values, ns ~ not significant. 

Table 2. Effect of norepinephrine (0.1 ~g/ml), theophylline (5 • 10 -3 M),  and D B - c - A M P  (10 -a 2l/1), in adipose tissue 
of normal- and overweight subjects (Mean 4- S E M )  on -F-FA and glycerol release, medium see legend to .Fig. ga 

release in ~zmol/mmol esteriefied fat ty  acids/2 h 
Subjects Basal Norepinephrine Theophylline 

Glycerol FFA Glycerol FFA 
DB-e-AMP 

Glycerol FFA Glycerol FFA 

Normalweight 0.234-0.02 0.634-0.12 0.574-0.09 0.994-0.17 0.624-0.08 1.984-0.48 1.544-0.21 3.844-1.11 
(n = 9) 
Overweight 0.274-0.03 0.654-0.7 0.454-0.05 0.894-0.09 0.514-0.10 1.204-0.16 0.734-0.06 1.564-0.09 
(n = 8) 
p* ns ns ns ns ns < 0.05 < 0.005 < 0.025 
release in % of baseline 
Normal weight 100 100 2424-26 1954-37 351-t-114 4304-98 8044-208 675-t-177 
(n = 9) 
Overweight 100 100 1714-15 1414-10 2264-45 198=[=29 2824-29 2334-15 
(n = 8) 
p* < 0.01 < 0.025 ns < 0.005 < 0.005 < 0.025 

p* = probability of differences in mean values, ns = not significant. 

(Table 1). A significantly positive correlation existed 
between fat  cell diameter  and lipolysis (Fig. 4a  and b). 
Differences in the quotient Q were insignificant in this 
sub -group. 

2gorepinephrine, theophytline and D B - c - A M P  stim- 
ulated lipolysis 

The lipolytic effect of norepinephrine, theophylline 
and DB-c-AMP depended on the concentration in the 
medium (Fig. 5). Maximal effects were observed with 
1 ~g/ml norepinephrine and with 5 • 10-aM theophyl- 
line. With DB-e-AMP an alternating reaction was 
observed. An increase in concentration up to 10-aM 
resulted in an augmented stimulation, whereas higher 
concentrations caused a decrease in stimulation. At 
!0-~M no significant lipolytic effect could be detected, 

significant (Table 2). The % stimulation of glycerol 
and FFA release by  DB-c-AMP was negatively cor- 
related with the cell size (Fig. 6). 

When FFA and glycerol release was calculated per 
mmol EFA, the absolute values of stimulated lipo- 
lysis were diminished in overweight subjects (Table 2). 
The release of metabolites by  the individual cell, how- 
ever, increased with cell size. The correlation of lipo- 
lysis to cell diameter was significant for both FFA and 
glycerol and for the three lipolytie agents tested (Fig. 
4a) .  

A described earlier (Thamer et al., 1969), addition 
of 5.55 mM glucose to the incubation medium resulted 
in an increment in glycerol release and inhibition of 
FFA release; yet  the relations between lipolysis and 
cell size were, in general, unaltered (Fig. 4b). 



80 F . A .  Gries  et al. : Effects  on  in vitro Lipolysis  Diabetologia 

o norma[ body weight 

�9 obesity 

Gtycerot 

. . . . .  FFA 

% 

700- 

500 �9 

300- 

100- 

/ |  
0 . - 0 - ~  / 

/ 
, /  

_ _ ~ / / / ~ - o ~ O ~ . ~ 8  / /  

// 0 

o - - -o e~ 
/ 

700. / 
r y  "~ 

j, 
500. I / 

i l , # ;  qlf' 

I �9 
t / 
I / 

300. 

" il/ 
�9 , / ; . o ' /  
�9 Q 

,oo. " 7 -  

% ! 

700 

500 

300 

100 

 ,.gAi  ii'-- 
1'0 -2 1'0 "1 i 1'0 1'0 -2- '1'0 -1 "] 10 1'0 -3 1'0 -2 1'0 -1 i 1'0 

~g  N o r e p i n e p h r i n e / m l  m M  Theophy l l ine  m M  D B - c - A M P  

Fig. 5. R e l a t i o n s h i p  b e t w e e n  t h e  c o n c e n t r a t i o n  of n o r e p i n e p h r i n e ,  t h e o p h y l l i n e  a n d  d ibu ty ry l - cyc l i c  A M P  ia  t h e  
m e d i u m  a n d  l ipolysis  in  ad ipose  t i ssue  of n o r m a l  we igh t  a n d  obese  sub jec t s .  The  re lease  of glycerol  a n d  F F A  is in- 

d i ca t ed  as % of basel ine .  M e d i u m  see l egend  to  Fig.  4a ,  n = 2 

% 
Glycerol 

600 

500" 

400 m 

300' 

200. 

no glucose 

y * 

�9 . ~ J -~, ,~  ~"= '~ '7~- / ' ,~ 'x  
�9 ~ r= - 0,496 

. ~ 2p<0,05 

41 go 16o ~ .  x 

Gtycero[ 
% y 

500" 

zOo- 

300- 

200, 

/,t 

5,55 mM 9 t u c o S e  

. y = 523,9- 2,37 x 
r = -0,491 

. 2p <0,05 
-X- 

-W- ~-X- 

~'o 1~o :~: x 

FFA % y 

500- 

z, O0- 

300' 

200" 

/ ~'o 150 ~ 

y :  610,2 - 4 ,05  x 
r :  - 0 , 6 3 8  
2 p < 0 , 0 1  

F FA % y 

500. 

400- 

300. 

200- 

/ /  ~'o 16o" ~a: x 

Y = 8 8 6  5 -  5 ,9  x 
r = - 0, '699 
2 p < 0 , 0 0 5  

Fig.  6. R e l a t i o n s h i p  b e t w e e n  fa t  cell d i a m e t e r  a n d  s t i m u l a t i o n  of l ipolysis w i t h  10 -3 M d ibu ty ry l - cye l i a  AMP.  I n d i c a t -  
ed  is t h e  increase  in  glycerol  a n d  F F A  release as % of basel ine .  M e d i u m  see l egend  to  Fig.  4 a  a n d  4 b  



Vol. 8, No. 2, 1972 F.A. Gries et al. : Effects on in  vitro Lipolysis 81 

Discuss ion  

Some years ago several laboratories reported inde- 
pendently tha t  the size of human subcutaneous fat  
cells increases with overweight (ttirsch et al., 1966; 
Preiss et al., 1967; Jahnke  et al., 1967; Zinder et al., 
1967). In  contrast  to a recent report  of Goldrick and 
McLoughlin (1970) their findings have been confirmed 
by  Faulhaber and co-workers (1969) and Hammermiil-  
ler and co-workers (1970). The relation between cell 
diameter and relative body weight is, however, not 
linear (Hirsch et al., 1966; Faulhaber et al., 1969, Ham-  
mermtiller et al. 1970) but  of an exponential nature. 
Even in extreme obesity, the mean cell d iameter  of 
135 ~ is generally not exceeded. On the basis of these 
observations it  was demonstrated tha t  in slight obesity 
the enhancement of body weight and adipose tissue 
mass can be explained by  the increase in volume of the 
adipose cells (hypertrophy). However, in gross obesity 
the cell growth must  be accompanied by  an increase 
in the number  of fat  cells (hyperplasia) (Gries et al.,  
1970). 

According to Mayer (1965) obesity of laboratory 
animals m a y  be due to polyphagia (regulatory obesity) 
or to alterations in the regulation of metabolism (meta- 
bolic obesity). The question whether the metabolism 
of adipose cells is disturbed in human obesity has been 
examined repeatedly. Differences in the interpretation 
of the results seem to be partially due to different 
modes of calculation. 

In  earlier investigations the metabolic rates of adipose 
tissue were frequently referred to tissue wet weight. 
(Kahlenberg and Kalant (1964), Bergstr6m and Carlson 
(1965), Owen et al. (1966), 1Jreiss et al. (1968), Gries et al. 
(1968), Thamer et al. (1969)). However, in human adipose 
tissue the amount of fat cells per wet weight varies 
cousiderably. The DNA-content (Mosinger et al., 1965, 
Bj6rntorp and Martinsson, 1966; Bj6rntorp, 1967) re- 
presents the cell number of the sample (not considering 
polypioid cells which increase with age (Molar and Beneke, 
1968)), but does not provide information on the proportion 
of adipose, mast and connective tissue cells. The fat-free 
dry weight and nitrogen content are often more influenced 
by connective tissue than by fat cells. This error is avoided 
if one refers to  the lipid content as a measure of the adi- 
pose cell mass. Itowever, due to the increased lipid content 
of large fat cells (Engelhardt et al., 1969), the number of 
adipocytes per mMol EFA is smaller in obesity than in 
normal weight. The differences obtained when evaluating 
the metabolic rate per lipid content or per cell number are 
shown in Table 1. 

Previous experiments with norepinephrine have 
shown tha t  the stimulation factor of lipolysis, i.e. 
increase of lipolysis in ~o of base line, is reduced in 
obesity (Preiss e~ at., 1968; Th~mer, 1969). This ob- 
servation was confirmed in the present experiments 
and completed by  similar findings with theophylline 
and DB-c-AMP. Differences in the dose response of 
lipolysis in normal and overweight people can be 
excluded as the cause (Fig. 5). I t  is also unlfl~ely tha t  
the effect is due to hjfposensitivity of the hormone 
receptors in the cell membrane or a disturbance of 
the intracellular synthesis of cyclic AMP, since direct 

stimulation of the lipase system with DB-c-AMP is 
decreasing with increasing cell diameter as well 
(Fig. 6). 

The cause of the reduction of the stimulation factor 
coukl be either an absolutely increased basal lipolysis 
or a diminution of total  lipase. We therefore measured 
the metabolite production of the individual cell. As 
the hormone sensitivity of isolated fat  cells may be 
altered by  t rea tment  with collagenase during cell- 
isolation (Gries and Steinke, 1967; Kono, 1969), the 
investigations were performed on tissue slices in which 
the number  of fat  cells had been determined. 

In  agreement with Faulhaber et al. (1969), the rate 
of lipolysis depended on the size of the fat  cells. Under 
basal condition, as well as after stimulation of lipolysis, 
there were highly significant linear correlations be- 
tween glycerol and FFA release and the cell diameter 
(Fig. 4a). Linear relations with cell volume, as re- 
ported by  Goldrick and MeLoughlin (1970) or cell 
surface, however, were not detectable. Since the re- 
lation of lipolysis to cell size was observed with nor- 
epinephrine as well as with DB-c-AMP (Fig. 4a), 
neither the hormone receptors in the cell membrane 
nor the intracellular cyclic AMP synthesis seem to be 
a substantial factor. I t  is more likely tha t  the lipase 
content of the individual cell increases during cell 
growth. The increment of this enzyme system is less 
than  the increment of the cell volume, which is con- 
sistent with the observation tha t  in obesity the plasma 
space of fat  cells also increases less than the cell volume 
(Englhardt et al., 1969). 

Since in big cells the stimulation factor of lipolysis 
is decreased in spite of increased total  lipase, it may  be 
assumed tha t  this phenomenon is due to a relatively 
greater basal lipolysis. Therefore, in obesity under 
basal conditions the relation of active lipase to in- 
active "prolipase" may  be shifted in favour oi the 
active enzyme. I t  has been suggested tha t  this may  be 
due to a higher basal act ivi ty of adenyl cyclase 
(Goldrick and MeLoughlin, 1970). According to cyril 
findings (Thamer et al., 1969) and in accordance with 
He  (1970) basal lipolysis is regulated by  the energy 
supply of the lipocyte. However, in the present in- 
vestigations, the relation of the stimulation factor to 
the cell diameter was not significantly influenced by  
glucose. 

Previously, changes in the enzyme pat tern  of 
glycolysis and the pentose phosphate shunt have been 
described in obesity (Englhardt et al., 1969). The 
present experiments demonstrate additional changes 
in the lipase system. I t  remains to be settled whether 
these changes are a consequence of cell growth or due 
to other factors. Therefore, the possible pathogenetic 
significance of these changes in obesity remains specu- 
lative. 
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