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Recently, much information has been ac- 
cumulated about the factors which influence 
the secretion of human growth hormone 
(HGH). We reported previously that the 
acute reduction of plasma free fatty acids 
(FFA) concentration by the administration 
of nicotinic acid can stimulate HGH secre- 
tion (1). This finding is interesting, because 
one of the important roles of growth hormone 
is lipid mobilization. The present paper de- 
scribes the effect of heparin administration on 
plasma FFA and HGH in normal subjects, 
and the subsequent fall of plasma FFA is 
demonstrated to be accompanied by a 
marked rise of plasma HGH level. 

Materials and Methods. All subjects 
studied were normal young male volunteers, 
their ages ranging from 20 to 25 years old. 
They had no family history of diabetes melli- 
tus or other metabolic disorder. Obese sub- 
jects were not included. After overnight fast, 
they were kept at  bed rest for a t  least 30 min 
before starting the tests, and avoided deep 
during the tests. An indwelling catheter was 
placed into an antecubital vein and kept pa- 
tent by a slow infusion of saline. All the 
blood samplings and injections were done 
through this catheter. Blood was drawn into 
heparinized syringes and centrifuged immedi- 
ately. Plasma was stored at  -20' until plas- 
ma concentrations of HGH, FFA, glucose, 
and a-amino nitrogen were determined. 

Plasma HGH was measured by the two anti- 
body radioimmunoassay method of Schalch 
and Parker ( 2 ) .  Wilhelmi's highly purified 
HGH(HS 1032B) was used as a standard. 
Minimum detectable dose of plasma HGH in 

1This study was partly supported by U.S. Public 
Health Service Grant 5ROl-AM 10138. 
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FIG. 1. Plasma FFA (described as percentage of the 
starting value), a-amino nitrogen, glucose, and 
HGH levels after intravenous administration of 20 ml 
of saline at  0 hime in 10 subjects (mean+SEM). 

our laboratory was 0.1 ng/ml using 1 : 10 
diluted plasma. Plasma concentrations of glu- 
cose, FFA, and a-amino nitrogen were deter- 
mined by glucose oxidase method (3) ,  Dole's 
method (4) ,  and ninhydrin method ( 5 ) ,  re- 
spec tively . 

Results. Group I (controls). Ten subjects 
were given 20 ml of saline intravenously as 
controls. Figure 1 shows the plasma concen- 
trations of FFA (described as percentage of 
the starting value), glucose , a-amino nitro- 
gen, and HGH at 30-min intervals after 
saline administration. No significant changes 
were observed during 3 hr in these values. 
Plasma HGH value at  0 time was 1.44t0.65 
ng/ml (meankstandard error of the mean), 
and FFA, 5 8 6 t 5 5  peq/literA 
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FIG. 2. Plasma FFA, a-amino nitrogen, glucose, and 
HGH levels after intravenous administration of 1000 
units of heparin at  0 time in seven subjects 
(meantSEM).  

Group 2. In seven subjects, 10100 units of 
heparin sodium were injected intravenously 
at  0 time. Basal plasma HGH and FFA val- 
ues were 2.51 t 0 . 7 7  ng/ml, 5 5 7 t 6 2  peqJliter, 
respectively. These values were statistically 
not different from the values of the control 
group. After heparin injection, the plasma 
FFA level increased rapidly to about 300% 
of the starting value at  30 min and decreased 
thereafter as shown in Fig. 2. In association 
with the fall of plasma FFA from the peak 
value, the plasma HGH level increased grad- 
ually in all cases and reached to 12.18k2.35 
ng/ml at 150 min. The HGH values a t  120, 
150, and 180 min were significantly higher 
than the respective control values (p<.Ol). 
There were no significant changes in plasma 
glucose and a-amino nitrogen levels. 

Group 3. In  six subjects, 10001 units 
heparin were administered intravenously at  0 
time, and further injections of 500 units at  
60 and 90 rnin were made to prevent the fall 
of plasma FFA. As demonstrated in Fig. 3,  
plasma FFA level was kept elevated above 
250% of the starting value during the first 2 

hr and then declined, but the value a t  180 
min remained high at  200%. Under this con- 
dition, the rise of HGH was not observed, 
and the concentrations of plasma glucose 
and a-amino nitrogen remain unchanged 
throughout the period. 

Group. 4. Five subjects were given 50 g of 
glucose orally at 60 and 90 min, combined 
with intravenous administration of 1000 units 
of heparin at  0 time. In  this group the rise 
of HGH was suppressed, though there was a 
marked fall of plasma FFA. The results are 
shown in Fig. 4. 

Discussion. As we have reported ( l ) ,  the 
lowering of plasma FFA by nicotinic acid 
administration was followed by a marked rise 
of plasma HGH without changes in plasma 
glucose levels. This finding was confirmed 
thereafter in a total of 1 7  cases. When nico- 
tinic acid was given with heparin, the reduc- 
tion of plasma FFA was prevented, and the 
HGH rise could not be demonstrated. I t  ap- 
pears that a negative feedback mechanism 
operates between HGH secretion and plasma 
FFA level so far as these experiments are 
concerned. In  the present report, the rise of 
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FIG. 3. Plasma FFA, a-amino nitrogen, glucose, and 
HGH levels after intravenous administration of 1000 
units of heparin at  0 time, and 500 units a t  60 and 90 
min in six subjects (mean+SEM). 
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FIG. 4. Plasma FFA, a-amino, nitrogen, glucose, and 
HGH levels after intravenous administration of 
1 0 0  units of heparin at 0 time, combined with oral 
administration of 50 g of glucose at 60 and 90 min in 
five subjects (mean+SEM). 

HGH was observed in association with the 
fall of plasma FFA, whereas it did not occur 
when plasma FFA was kept elevated above 
200% of the basal level. 

I t  is well recognized that insulin-induced 
hypoglycemia (6)  , falling blood glucose val- 
ues (7 ,  8 ) ,  stress ( 9 ) ,  and infusion of amino 
acids (10) can stimulate HGH secretion. 

I n  our present study (Group 2 )  plasma 
glucose levels showed no significant changes. 
The rise of plasma HGH, therefore, cannot be 
ascribed to changes in plasma glucose level. 
I t  differs from the stimulation of HGH secre- 
tion by amino acid infusion because there 
occurred no elevation in plasma a-amino ni- 
trogen, and immunoreactive insulin levels 
(data not shown). Stress or direct effect of 
heparin can be ruled out, since neither con- 
trol studies with saline injection (Group l ) ,  
nor repeated injections of heparin (Group 3 )  
resulted in the elevation of plasma HGH. 

These results suggest that reduction or fall 
of plasma FFA can be one of the stimuli to 
HGH secretion comparable to hypoglycemia 
and falling blood glucose values. Schalch and 

Kipnis (11) have reported that plasma 
HGH remained unchanged after the fat 
meal-heparin regimen. However, it was only 
60 min observation after heparin administra- 
tion, and in our experiment there were no 
significant changes of plasma HGH level dur- 
ing the initial 60 min. 

It is not clear why the fall of plasma FFA 
is linked with the augmentation of HGH 
secretion. The secretion of HGH is well 
documented to be under the control of the 
hypothalamus. Many investigations show that 
the brain is mainly dependent upon glucose 
as an energy fuel. But other substrates have 
been demonstrated to serve as an energy 
source. Recently Owen et al. (12) reported 
that beta-hydroxybutyrate and acetoacetate 
replaced glucose as the predominant fuel for 
brain metabolism during starvation in obese 
subjects. Furthermore, the experiment with 
the use of palmitate-C-14 indicated that rat 
brain preparation can oxidize fatty acids to 
CO?, although the rate of conversion is lower 
than that observed in other tissues ( 1 3 ) .  

I t  is conceivable, therefore, that the fluctu- 
ation of plasma FFA has some effect on brain 
metabolism. Thus the rise of plasma HGH 
concentration after the fall of plasma FFA 
could well be explained in the same manner 
as in the case of falling blood glucose values, 
both of them being induced by the acute 
reduction of energy fuel for the hypothala- 
mus. In  Group 4 HGH secretion was sup- 
pressed by glucose administration in spite of 
the marked fall of plasma FFA. This fact 
could be considered to show that plasma glu- 
cose and FFA can be replaced by each other 
as an energy substrate for the brain tissue. 

From these observations, it would be rea- 
sonable to state that growth hormone is 
secreted when energy substrate, whether glu- 
cose or FFA, is acutely deprived, and thus 
secreted growth hormone supplies FFA for 
energy requirement, which contributes to 
sparing of glucose and protein. The fact that 
rebound of plasma FFA after arginine infu- 
sion is impaired (14) and recovery from in- 
sulin-induced hypoglycemia is delayed ( 15) 
in selective growth hormone-deficient patients 
also suggests the phsyiologically important 
role of growth hormone for energy supply. 
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Summary. Plasma HGH, FFA, glucose, 
and a-amino nitrogen levels were determined 
in seven young men after heparin administra- 
tion. Plasma FFA increased rapidly, followed 
by a gradual fall. Corresponding to the fall 
of plasma FFA, a marked rise of plasma 
HGH was demonstrated. This HGH rise was 
diminished when plasma FFA was kept ele- 
vated, or when glucose was given. From these 
results i t  was concluded that the fall of 
plasma FFA could stimulate HGH secretion 
as in the case of falling blood glucose values 
and that the fluctuation of plasma FFA could 
be one of the factors regulating the secretion 
of HGH. 
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