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Summary. The release of fatty acids and glycerol 
from adipose tissue of obese diabetics and obese controls 
has been studied in relation to the fall in plasma fatty 
acids during a glucose tolerance test. Adipose tissue was 
taken at zero-time and 1 h after an oral glucose load (50 g). 
Obese diabetics released more fatty acids from adipose 
tissue than obese controls (p < 0.001), whereas glycerol 
release was similar in the two groups. The percent reduc- 
tion in release of fatty acids from adipose tissue of obese 
diabetics during a G. T. T. was significantly less than obese 
controls (p < 0.02), as was the percent fall in plasma fatty 
acids (p < 0.02), whereas the percent reduction in glycerol 
release from adipose tissue was similar in the two groups. 
In addition the percent fall in plasma fatty acids during 
a G. T.T. correlated with the percent reduction in release 

of fatty acids from adipose tissue (p < O.O5), but not with 
release of glycerol; and the increment in plasma insulin 
from zero-time to lh during a G.T.T. correlated with 
the percent reduction in fatty acid release from adipose 
tissue (p<0.01). Finally, the plasma insulin at lh of a 
G.T.T. correlated inversely with the release of fatty 
acids from adipose tissue (p < 0.05), but not with the 
release of glycerol. The data is consistent with the view 
that the plasma fatty acids falI during a G.T.T. due to 
re-esterification of fatty acids rather than due to an 
antilipolytic action of insulin. 
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Plasma fat ty  acids fall precipitously during a glu- 
cose tolerance test and this decline is probably 
mediated by insulin Ill. However, insulin could pro- 
duce this effect in either of two ways : by a direct anti- 
lipolygie action on adipose tissue, inhibiting the break- 
down of triglyeerides, or by stimulating the re-esterifi- 
cation of fa t ty  acids in adipose tissue without altering 
the rate of lipolysis. A possible way to decide between 
these alternatives is to see if the lipoly~ie activity of 
adipose tissue measured in vitro correlates with the 
changes in plasma fat ty  acids and insulin that  occur 
during a glucose tolerance test. We have measured 
the decline in plasma fa t ty  acids during an oral glucose 
tolerance test and obtained samples of adipose tissue 
at the start and at one hour after the glucose load in a 
group of obese diabetic and non-diabetic patients. The 
release of fa t ty  acids and glycerol from the tissue has 
been examined for a correlation with the changes in 
plasma fatty acids and insulins during the first hour of 
the glucose tolerance test. 

Methods 

Patients 

The following patients were included in this study : 
[1] six obese non-diabetic patients, mean age 36.3 • 

6.3 years, mean height 162.5 4-1.8 em and mean weight 
91.8 4- 1.8 kg. The mean fasting blood sugar of this 
group was 69 4- 3 [6] rag/100 ml. 

[2] six obese diabetic patients, mean age 47.3 4- 4.6 
years, mean height 170.04- 3.4 em and mean weight 

86.7 4. 7.4 kg. The mean fasting blood sugar was 132 • 
22 [6] rag/100 ml. All but  one diabetic patient was 
more than 14% above ideal body weight according to 
tables from the Society of Actuaries [2]. The criterion 
for diagnosis of diabetes from blood sugar measure- 
ments was that  of the College of General Practitioners 
[3]. Patients were admitted to hospital for an overnight 
fast and the first fat sample was taken the following 
morning prior to the administration of an oral glucose 
load (50 g). A second fat sample was taken after one 
hour, and blood samples were taken at thir ty minute 
intervals throughout the test. 

Tissue Incubation 

Samples of adipose tissue were taken under local 
anaesthesia (1 ml of HgnoeMne 1%) by a needle biopsy 
technique, and the fat was transported to the labora- 
tory in 0.9% saline. Tissue was preincubated for 10 
rain in an Earles' bicarbonate buffer (Na + 143, K + 
5.3, Ca e+ 1.8, Mg 2+ 0.8, C1- 126 and HCO~- 25 m Eq/1) 
containing bovine crystalline albumin (1% w/v) under 
a gas phase of oxygen: CO S (95:5). Approximately 
200 mg of adipose tissue was then incubated in 0.5 ml 
of fresh Mbumin-bicarbonate buffer for one hour at 
37~ in a shaking incubator. The medium was kept at 
--10~ for assay of glycerol; and 0.4 ml of the medinm 
was extracted in Dole's solution for assay of free fat ty 
acids. 

Measurements 
Glycerol was measured in 50 91 aliquots of the in- 

cubation medium using the enzymatic method of Gar- 
land and Randle [4]. The change in optical density was 
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measured in a Unicam SP 800A recording spectropho- 
tometer with scale expansion accessory. Free fatty 
acids were measured using the semiautomated pro- 
cedure of Carrnthers [5], in which the plasma is ex- 
tracted by the procedure of Dole with an additional 
wash of the apolar phase with phosphate buffer (67 mM 
p.H. 7.0) to remove phospholipids and low molecular 
weight fatty acids which interfere. The extracted fatty 
acids are measured in a Technicon Autoanalyser by 
their ability to quench an ethanolic solution of fluores- 
cein. Palmitic acid dissolved in n-heptane was used as 
standard. Insulin was measured in duplicate by a 
standard radioimmunoassay, using dextran-coated 
charcoal as the separating agent [6]. 

During the first hour of the oral glucose tolerance 
test there was a decline in plasma fatty acids and a 
parallel decline in tissue release of both fatty acids and 
glycerol, which was more marked in the non-diabetic 
patients (Table 2). However the ratio of fatty acid to 
glycerol output by the tissue remained the same during 
the first hour of the tolerance test, although the ratio 
was greater i~ the diabetic group (5.1-4-0.52 (12)) 
compared with the non-diabetic group (2.62 • 0.54 (12) 
p < 0.01 versus diabetics). 

Fig. 2 presents a time course for one of the obese 
patients and shows the changes in plasma fatty acids, 
blood glucose and tissue release of fatty acids and 
glycerol that occurred. The percent fall in plasma fatty 

Table 1. The release of glycerol and fatty acids from adipose tissue in vitro 

l~elease from adipose tissue of: 

Pat ient  group fa t ty  acid glycerol 
nmol/mg/h 

l~atio of release 
of fa t ty  acid to 
release of 
glycerol 

Obese 0.2584-0.055 (12)** 0.0984-0.009 (12) + 2.62• (12)* 
Obese diabetic 0.609• (12)** 0.13 4-0.01 (12) + 5.11• (12)* 

Adipose tissue (200 rag) was incubated in 0.5 ml of albumin-bicarbonate buffer 
containing no glucose for one hour. Assays of glycerol and fa t ty  acids were as 
described in Methods. Results are mean -4- S.E.M. (number of observations). Sig- 
nificance of difference calculated by Student 's  " t "  test. p** < 0.001 p* < .01p+N.S. 

Table 2. The changes in plasma and tissue release of fatty acids and glycerol during a 
glucose tolerance test 

Tissue Plasma 

Fall  in fa t ty  Fall  in glycerol F a t t y  acid: Percent fall 
Pat ient  Group acid release release Glycerol in fa t ty  

n.mole/mg/h ratio acids 

Obese 0.15• 0.0274-0.002(6) 5.5 61.34-8.4(6) 
Obese diabetic 0.064-0.01(6) 0.034-0.004(5) 2.0 32.314.1(6) 
p values < 0.02 NS < 0.02 

l%esults are means 4- S E M  (number of observations); significance of differences 
tested by Student 's  " t " .  

Statistics: Regression analysis was performed by 
the method of least squares and correlation coefficients 
were calculated by the product-moment method. 
Significance of mean differences and correlation coeffi- 
cients were tested using Student's " t"  distribution. 

Results 

The results of the release of fatty acids and glycerol 
from adipose tissue of the patients in this study are 
presented in Table 1. Although adipose tissue from 
diabetics released more fatty acids into the medium 
than that from non-diabetics, the release of glycerol by 
the two groups was similar. Furthermore, the plasma 
level of fatty acids at one hour after a glucose load 
significantly correlated with the tissue output of fatty 
acids (r=0.67, n -= l l ,  p<05) ,  and also with the 
release of glycerol (r=0.67, n = l l ,  p-= <0.05 into 
the incubation medium (Fig. 1)). 
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Fig. 1. Release of fa t ty  acids and glycerol from adipose 
tissue related to levels of plasma fa t ty  acids. Blood and 
adipose tissue was taken at  one hour from the start  of a 
glucose tolerance test and the plasma fa t ty  acids, tissue 
release of fa t ty  acids and glycerol was measured according 
to Methods. Points are individual patients described in 
Methods. For  plasma fa t ty  acids versus tissue release of 
fa t ty  acids r ~ 0.67, n = 11, p<0.05,  for plasma fa t ty  
acids versus glycerol release r = 0.67, n = 11, p<0 .05  
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acids  correlates  s igni f icant ly  wi th  the  pe rcen t  fall  in  
t issue release of f a t t y  acids  (Fig. 3. r = 0.67, n = i2,  
p < 0.05), b u t  no t  wi th  t he  pe rcen t  fa l l  in release of 
g lycerol  (r = - -0 .09,  n = 11, p. N.S.).  

The effects on p l a s m a  f a t t y  acids  and  t issue release 
of f a t t y  acids  and  g lycero l  dur ing  a glucose to lerance  
t e s t  could  be m e d i a t e d  b y  insulin.  The  inc remen t  in 
p l a s m a  insul in  dur ing  the  first  hour  of t he  t es t  was 

D i s c u s s i o n  

The p l a sma  levels of f a t t y  acids  under  defined 
nu t r i t i ona l  condi t ions  corre la te  s ignif icant ly  wi th  the  
release of f a t t y  acids  f rom adipose  t issue i n c u b a t e d  in  
vitro. Also, dur ing  a glucose to lerance  t e s t  the  decline 
in  p l a sma  f a t t y  acids correlates  s igni f icant ly  wi th  the  
changes in  o u t p u t  of f a t t y  acids  f rom adipose  t issue in  
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Fig.  2. Time course of p lasma glucose, fa t ty  acids and 
release of glycerol and fa t ty  acids from adipose tissue in 

an obese pa t ien t  
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Fig.  4. The change in p lasma insulin and change in 
tissue release of f a t t y  acids during a glucose tolerance test .  
Blood and adipose tissue were taken  at  zero-time and 
a t  lh  after  a glucose load. The increment in p lasma in- 
sulin is re la ted to the  percent  fall in release of f a t ty  acids 
from adipose tissue. Points  are individual  pat ients  and 

r = 0.79, u = 10, p<0 .01  
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Fig.  3. The change in p lasma f a t t y  acids and release of 
f a t t y  acids and glycerol from adipose tissue during a 
glucose tolerance test .  Blood and adipose tissue were 
taken  a t  zero-t ime and at  lh  after a glucose load. The 
percent  fall in p lasma fa t ty  acids is related to the percent  
fall in tissue release of glycerol and f a t t y  acids. For  
p lasma fa t ty  acids versus tissue release of f a t t y  acids 
r = 0.67, n ~ i2, p < 0.05. For  p lasma f a t t y  acids versus 

release of glycerol r = --0.09, n ~ i l ,  p.N.S. 
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Fig.  5. The tissue release of f a t ty  acids and glycerol 
related to p lasma insulins at  one hour during a glucose 
tolerance test .  Blood and adipose tissue were taken at  
one hour after  a glucose load, and the plasma insulins 
are related to the  tissue output  of f a t ty  acids and glycerol. 
For  p lasma insulin versus tissue release of f a t ty  acids 
r = --0.61, n --= 10, p<0 .05 .  For  p lasma insulin versus 

glycerol release r = --0.17, n ---- 10, p.N.S. 

found  to  corre la te  s igni f icant ly  wi th  the  pe rcen t  decl ine 
in  t issue release of f a t t y  acids  (Fig. 4. r = 0.79, n = 10, 
p < 0.01); and  the  p l a s m a  levels of insul in  a t  one hour  
a f te r  glucose cor re la ted  wi th  the  release of f a t t y  ac id  
b y  the  t issue a t  one hour  (r = - -0 .61,  n = 10, p < 0.05), 
b u t  no t  wi th  glycerol  release a t  th is  t ime  (r-= - -0 .17)  
n---- 10, p.  N.S.),  as shown in F ig .  5. 

vitro. This  suggests  t h a t  the  metabo l i c  a c t i v i t y  of 
ad ipose  t issue in  vitro m a y  cont inue to  reflect  the  
i m m e d i a t e  phys io log ica l  s i tua t ions  f rom which  i t  was 
r emoved ;  and  also t h a t  the  metabo l i c  a c t i v i t y  of the  
t issue undergoes  r a p i d  changes in  vivo and  t h a t  such 
changes pers is t  under  in  vitro condi t ions  desp i te  a 
g rea t ly  s implif ied ho rmona l  a n d  ionic env i ronment .  
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The output  of fa t ty  acids by  adipose tissue of adult 
diabetics is greater than non-diabetics, confirming other 
results [7], bu t  since the release of glycerol was similar 
in the two groups this may indicate a decreased rate of 
re-esterification of f a t ty  acids in diabetics rather than 
an increased rate of lipolysis. During a glucose tolerance 
test  plasma fa t ty  acids fell to a greater extent  in the 
non-diabetics than  the diabetics [8] and this is asso- 
ciated with the parallel changes in the release of fa t ty  
acids from adipose tissue in  vitro. In  the diabetic, 
therefore, there may be either an impaired rate of re- 
esterification of f a t ty  acids during the first hour of the 
glucose tolerance test  or an impaired antilipolytic ac- 
tion on adipose tissue. Insulin is known to exert a 
direct antilipolytic action on human adipose tissue [9], 
which is best observed in tissue incubated with catech- 
olamines in the absence of glucose. Insulin reduces the 
release of fa t ty  acids and glycerol from the tissue as 
well as lowering intracellular levels of cyclic AMP [10]. 
The fact tha t  there is a significant correlation between 
the increment in plasma insulin and the decrement in 
release of f a t ty  acids from adipose tissue in vitro does 
suggest tha t  insulin is involved in the decline in plasma 
fa t ty  acids, but  does not indicate which action of in- 
sulin is operative. However plasma levels of insulin 
correlate with the release of f a t ty  acids from adipose 
tissue at  one hour but  not  with the release of glycerol. 
This suggests tha t  the effect of insulin is more by  
stimulating the re-esterification of f a t ty  acids than  by 
its direct antilipolytie action. This is in keeping with 
other data  showing tha t  during an insulin tolerance 
test  no changes are detected in levels of cyclic AMP in 
freeze clamped pieces of adipose tissue taken at  0, 15 
and 30 rain after injection of insulin [10]. 
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