
Studies on the Relationship between Plasma Free Fatty
Acids and Growth Hormone Secretion in Man

HANS-JURGENQUABBE, HANS-JURGENBRATZKE, ULR[KE SIEGERS,
and KADip ELBAN

From the Medizinische Klinik und Poliklinik, Klinikum Steglitz, Freie
Universitdt, D-1 Berlin 45, Germany

A B S T R A C T The influence of plasma free fatty acid
(FFA) concentration on the secretion of human growth
hormone (HGH) was investigated. (a) FFA depression
was produced by means of a nicotinic acid (NA) infu-
sion for either 1 or 5 hr in the presence of glucose-
induced hyperglycemia. Controls received only saline.
(b) FFA depression was also produced by a 90 min NA
infusion and then rapid FFA elevation by a lipid-plus-
heparin (lipid) infusion. This procedure was compared
with a similar NA infusion not followed by lipid. (c)
FFA elevation was produced either by a lipid or by a
norepinephrine (NE) infusion and then HGHsecretion
was stimulated by insulin-induced hypoglycemia. Each
subject in this group received both the lipid and the
NE infusion on seperate days as well as two control tests
(insulin alone and NEalone).

Depression of FFA resulted in an increase of HGH
with a lag period of approximately 2 hr. Maximal HGH
rise after 1 hr NA infusion was 7.7±1.9 ng/ml and with
5 hr NA infusion 14.3±3.6 ng/ml (both significantly
higher than during saline infusion, P < 0.025 and
<0.005 respectively) and occurred despite continuous
hyperglycemia. Lipid infusion just before the expected
HGHincrease prevented the HGHresponse to FFA de-
pression. HGHrise during insulin hypoglycemia (32.2±
6.5 ng/ml) was significantly inhibited by prior FFA ele-
vation whether achieved by lipid infusion (maximum
HGHrise 11.4±1.6 ng/ml) or by NE infusion (maxi-
mumHGHrise 19.0±6.2 ng/ml).

The results are suggestive of a negative feedback loop
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between plasma FFA and HGHsecretion, of importance
for subacute rather than acute changes in the plasma
FFA concentration. FFA lack itself seems to be the sig-
nal for HGHrelease despite the lag period between FFA
decrease and HGHincrease. Glucose and FFA can at
least not fully replace each other in their respective in-
fluence on HGHrelease.

INTRODUCTION

While the lipolytic activity of (human growth hormone)'
HGHis well recognized (1, 2), evidence for a possible
influence of plasma free fatty acid (FFA) on HGHse-
cretion has only recently been sought. Irie, Sakuma,
Tsushima, Shizume, and Nakao (3) and later Tsushima,
Matsuzaki, and Irie (4) showed that FFA depression is
followed by an increase of plasma HGH. Blackard, Boy-
len, Hinson, and Nelson (5) and Blackard, Hull, and
Lopez-S (6) reported that FFA elevation inhibits HGH
release in the monkey and in man. In two other reports,
however, no GH increase was seen after FFA depres-
sion in monkeys (7) and no inhibition of HGHrelease by
FFA elevation in man (8).

Our studies were designed to confirm the reciprocal
relationship between the plasma FFA concentration and
HGHrelease and to gain some insight into its mecha-
nism. More specifically the following questions were
posed: (a) Is the HGHresponse related to the degree/
duration of FFA depression? (b) Can FFA and glucose
replace each other in the signal for HGHrelease? (c)
Is FFA lack directly responsible for triggering HGHre-
lease despite the existence of a lag period between FFA
depression and HGHincrease? (d) Is the inhibition of
HGHrelease directly due to increased FFA levels, i.e.,

'Abbreviations used in this paper: BS, blood sugar; FFA,
free fatty acid; HGH, human growth hormone; NA, nico-
tinic acid; NE, norepinephrine.
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PRINCIPLE EXPERIMENTAL DESIGN
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FIGURE 1 Schematic outline of the experimental design. Blood sampling
began 20 (group I) or 30 min (groups II and III) before the onset of an
infusion. Abbreviations: FFA, free fatty acids; NA, nicotinic acid; NE,
norepinephrine; Gluc, glucose; Sal, saline; Lip, lipid-plus-heparin; Ins,
insulin.

independent of the method by which FFA concentrations
are raised ?

We studied: (a) The influence of different amounts
of nicotinic acid (NA) infused over different periods of
time; (b) The effect of continuous moderate hypergly-
cemia on HGHrelease as stimulated by FFA depression;
(c) The influence of rapid FFA elevation at the end of
the lag period after initial FFA depression; and (d) The
effect of different modes of elevation of FFA (lipid
infusion/NE infusion) on hypoglycemia-induced HGH
release.

NA lowers the plasma FFA concentration by inhibi-
tion of lipolysis in adipose tissue (9). NE increases the
plasma FFA concentration by stimulating intracellular
lipolysis in adipose tissue (10). Lipid infusion accom-
panied by heparin administration increases plasma FFA
by activation of lipoprotein -lipase and its release into the
circulation (11, 12).

METHODS
A schematic outline of the principle and of the experi-
mental design of each of the three groups of experiments is
given in Fig. 1.

I. (a) NA alone during 1 hr. As a pilot study three
subjects received an infusion of 1 g of NA during 1 hr
(16.7 mg/min). Blood was collected during 4 hr after the
onset of the infusion.

(b) NA during 1 hr plus glucose. 10 subjects received

NA as in experiment (a) and, in addition, a glucose in-
fusion beginning 40 min after the onset of the NA in-
fusion and continuing until the end of the experiment.
Glucose infusion started at 100 mg/min and increased up
to 400 mg/min (800 mg/min in some cases) in order to
assure sustained hyperglycemia during the whole experi-
ment. In four subjects blood was collected during 4 hr
and in the other six subjects during 5 hr after the onset of
the Na infusion.

(c) NA during 5 hr plus glucose. 10 subjects received
NA during 1 hr as in experiment (a) followed by NA 0.5
g/hr during another 4 hr. Glucose was infused as in ex-
periment (b) at a rate of 150 mg/min for 2 hr and then
200 mg/min until the end of the experiment.

(d) Saline. As a control 11 subjects received only a
slow infusion of normal saline during 5 hr.

II. (a) NA alone. 10 subjects received NA during 90
min in increasing amounts: 30 min each at a rate of 16.7,
20, and 27.5 mg/min, respectively, corresponding to a total
of 1.9 g of NA.

(b) NA followed by lipid-plus-heparin. On another day
the same subjects received NA as in Ha, followed imme-
diately by a lipid infusion 2 at a rate of approximately 2 g/

aLipofundin (B. Braun Melsungen, Germany): cotton
seed oil 100 g, soya phosphatides 7.5 g, d-sorbit 50 g and
dl-alpha-tocopherol 585 mg in 1000 ml of an oil in water
emulsion, corresponding to 1200 Cal/liter. 5000 U of heparin
were added to each 500 ml of this emulsion. If added in
vitro to the radioimmunoassay system of HGHthe heparin
concentration caused by this infusion in the plasma will
not affect the HGHdetermination (13).
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hr and slowly raised within 25 min to a rate of 12 g/hr
(200 mg/min). The lipid infusion was then continued at
this rate until the end of the experiment. A total amount
of 50 g of lipid corresponding to 500 ml of the lipid emul-
sion was infused. Blood was collected during 5i hr after
the onset of the NA infusion, corresponding to 4 hr after
the onset of the lipid infusion.

III. (a) Insulin alone. In nine subjects hypoglycemia
was induced by an i.v. injection of 0.1 IU/kg of body
weight.

(b) Insulin plus lipid-plus-heparin. On another day the
same subjects received a lipid infusion as in experiment
JIb. Insulin hypoglycemia was induced 60 min after the
onset of the lipid infusion.

(c) Insulin plus norepinephrine (NE). On a 3rd day
these subjects received an infusion of NE (18 /sg/min) dur-
ing 4i hr. Insulin hypoglycemia was induced 30 min after
the onset of the NEinfusion.

(d) NE alone. On a 4th day they received only NE as
in experiment IIIc. In these experiments blood was col-
lected during 3 hr (experiment IHIb) or 4 hr (experiments
IIIa, c, and d) after the insulin injection.

The tests of experiments II and III were done in random
order, except that in experiment III the first test was
always the NE infusion alone.

None of the volunteers had evidence of endocrinological
or metabolic disease or a history of liver disease. For details
of sex, age, and weight see Table I. Most of the subj ects
were medical students and accustomed to comparable ex-
periments. All were informed not to eat after 8 p.m. of
the preceding day, not to smoke, drink coffee or tea on the
morning of the test day and to avoid physical strain on
their way to the hospital.

TABLE I
Clinical Data of Volunteers

Percent
Experimental ideal

group No. Sex Age* weight*:

Yr

I a 2 M 27.7 102
1 F (27-29) (98-107)

I b 7 M 24.8 104.7
3 F (22-29) (92-110)

I c 5 M 25.7 101.8
5 F (19-36) (86-115)

I d 6 M 25.1 105.2
5 F (23-28) (98-119)

II a + b 10 M 25.1 101.9
(21-30) (88-115)

III a, b, c, d 9 M 24.6 100.4
(21-32) (92-110)

* Mean and range.
Calculated according to Tables of the Metropolitan Life

Insurance Co., Statistical Bulletin 40 (1959) in: Wissenschaft-
liche Tabellen Geigy, 6th edition. 588.

All experiments were started between 8 and 9 a.m. An
indwelling plastic needle for blood collection was placed into
an antecubital vein under light local anesthesia and kept
patent by a slow drip of normal saline. Another indwelling
needle was placed into an antecubital vein of the other arm
for the infusions. Blood was collected 20 min (group I) or
30 min (groups II and III) and immediately before the
onset of an infusion. The exact intervals of further blood
collections are indicated in the graphs.

Approximately 10 ml of blood were drawn into centrifuge
tubes containing 0.1 ml of heparin (500 U). Blood for de-
termination of glucose was removed immediately and the
sample then placed in ice. All samples were centrifuged not
later than 2 hr after collection and then plasma for deter-
mination of FFA was pipetted into extraction mixture. In
some tests plasma samples for FFA determination were
kept frozen until assayed. In control experiments no sig-
nificant difference was seen between samples processed
immediately and those kept frozen for several weeks before
determination. In other control experiments no difference
was seen in the FFA concentration of samples which were
centrifuged and extracted immediately after blood collection
and portions of the same samples centrifuged up to 2 hr
after blood collection and kept in ice thereafter for up to
4 hr. Plasma for HGHdetermination was frozen immedi-
ately after centrifugation and kept at -250C until assayed.

Blood sugar (BS) was determined enzymatically (Bio-
chimica Test, C. F. Boehringer and Sbhne GmbH, Mann-
heim, Germany) in duplicates. FFA were determined in
duplicates according to Dole and Meinertz (14). HGHwas
determined by radioimmunoassay using a double antibody
technique (13). The assay detects 0.5 ng/ml of plasma. All
samples of one test were determined in triplicates of two
different dilutions (1/20 and 1/40) on the same day. Most
samples of subjects who served as their own controls were
determined in the same assay. For statistical analysis all
HGH values below 0.5 ng/ml were counted as 0 ng/ml.
Significance of differences between means was calculated
according to Student's t test. For groups II and III-in
which the subj ects served as their own controls-signifi-
cance of paired differences was also calculated. Results
were essentially the same as for the differences of the
means. These values are therefore not given.

RESULTS

I. (a) NA infusion during 1 hr, no glucose. In this
pilot study the infusion of NAcaused a decrease of FFA
from 402±177 to 212+43 /sEq/liter (mean ±SEM) in 20
min and to 125±13 AEq/liter in 60 min. FFA then re-
mained low despite discontinuation of the NA infusion
until a rebound occurred at 240 min with a maximum of
1815±362 ,uEq/liter. BS increased during the NA infu-
sion from 92±1.0 to 111+6.8 mg/100 ml at 40 min and
then decreased to basal values at 240 min (88±2.0 mg/
100 mnl).

HGHwas low at the beginning (individual values:
2.8, 0.6, and 0.5 ng/ml). There was a minor early rise
during the NA infusion in two subjects (to 4.7 and 2.2
ng/ml, respectively). HGHincreased in all three sub-
jects during the later part of the experiment (to 15.4,
20.0, and 7.8 ng/ml at 150, 180, and 180 min,
respectively).
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(b) NA infusion during 1 hr plus glucose (Fig. 2).
NA infusion caused a comparable decrease, of FFA as in
experiment (a): from 519±43 to 230+39 IuEq/liter at 60
min. The decrease was significant from 20 min on (P <
0.01) when compared with the zero value, i.e. it was
significant before the onset of the glucose infusion at 40
min. A rebound to a maximum of 931±123 *Eq/liter at
240 min occurred despite the glucose infusion and then
FFA dropped to 436+52 .Eq/liter at 300 min. BS values
increased during the NA infusion from 86±2.1 to 99±3.7
mg/100 ml at 50 min. They were then kept at hyper-
glycemic levels by the glucose infusion with a maximum
of 135±4.4 mg/100 ml at 300 min.

HGHincreased from 2.1±1.5 to 7.8±2.9 ng/xml at 30
min. This early rise coincided with the flush produced
by the vasodilating action of NA and occurred in 6 of
the 10 subjects of this group. HGHthen decreased be-
low the initial level to 1.5±0.4 ng/ml at 90 min. Despite
the elevated BS level a second increase to a maximum
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of 7.7±+1.9 ng/ml occurred at 180 min and HGHwas still
elevated to 5.4+2.1 ng/ml at 300 min. This late increase
was seen in 9 of the 10 subjects. The peak HGHvalue
was attained at different times (150-240 min) though it
occurred at 180 min in 6 of the 9 responding subjects.

(c) NA infusion during 5 hr plus glucose (Fig. 2).
In this experiment the NA infusion during the first 60
min was identical to that in the two foregoing experi-
ments. FFA decreased from 640±76 to 282±35 /Eq/liter
at 60 min (decrease significant at 20 xnin with P < 0.05
and P < 0.01 from 30 min on). Thus, again the FFA
decrease was significant before the onset of the glucose
infusion. During the following 4 hr (NA infusion 0.5
g/hr) FFA slowly decreased further to 193+36 ,Eq/liter
at 300 min. There was no FFA rebound under the con-
dition of the continuous NA infusion. BS increased from
90+3.3 to 108±3.9 mg/100 ml at 60 min during the flush
period and remained elevated during the glucose infusion
(maximum 123±8.5 mg/100 ml at 300 min).
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FIGURE 2 BS, FFA, and HGHconcentrations during NA infusion (1 hr
or 5 hr) and glucose infusion. Horizontal arrow indicates onset of NA
infusion. Glucose infusion was started 40 min later. Saline controls received
neither NAnor glucose. Means and SEMare shown.
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HGHshowed an early increase from 3.4±1.2 to 9.3±
3.3 ng/ml at 30 min (not significantly different from
the early increase during experiment Ib) and then de-
creased below the initial concentration to 1.5±0.4 ng/ml
at 90 min. A second increase, similar to that in experi-
ment lb but of greater magnitude and of longer dura-
tion, to a maximum of 14.3±3.6 ng/ml occurred at 240
min. The individual peak value was attained between 150
and 270 min though in 6 of the 10 subjects it occurred
at 180 or 210 min. While the early HGHincrease dur-
ing the flush period was seen only in 6 of the 10 subjects
(one male and all five females), the late increase oc-
curred in all 10 subjects.

(d) Saline infusion (Fig. 2). When only saline was
infused, FFA decreased minimally from 512±+52 to 482±
56 ,LEq/liter at 40 min and then rose slowly to 676±32
AEq/liter at 300 min. Only the 300 min value was sig-
nificantly different from the zero level (P < 0.05). BS
values showed no significant changes. HGHdecreased
from 3.3±1.7 to 1.2±0.2 ng/ml at 120 min. A slight in-
crease at 210 min to 3.7±1.8 ng/ml was entirely due to
one female subject who had a peak of 20.8 ng/ml at this
time (the same subject had HGHvalues at - 30 and
zero time of 20.3 and 18.5 ng/ml, respectively, thus caus-
ing relatively high mean HGH concentrations of the
saline group at these times). The mean HGHconcen-
tration of the remaining nine subjects at 210 min was 1.7
ng/ml.

Comparison of HGHvalues in experiments Ib, c, and
d. The HGHconcentration during experiment Tb (NA
infusion during 1 hr plus glucose) was significantly
higher than during the saline infusion at 180 min (P <
0.025). During experiment Ic (NA infusion during 5 hr
plus glucose) the HGHvalues were significantly higher
than during the saline infusion at the following times:
180 min (P < 0.05), 240 and 270 min (P < 0.005), and
300 min (P < 0.01). The 240 min value during the
longer NA infusion was significantly higher than during
the shorter NA infusion (P < 0.05). Due to the large
scatter of values during the flush period the mean values
of experiments lb and Ic were not significantly different
from those of the saline group during the early HGH
rise.

In the experiments of group I (a - d) male and female
subjects were used in order to detect a possible sex dif-
ference. The late HGHresponse to the FFA depression
was however similar in both sexes (P > 0.05 for mean
difference of HGHconcentrations in males and females),
while there was a great variability of HGHconcentra-
tions before the onset of the infusions and during the
flush period in the females. In the following experiments
only male subjects were therefore studied.

II. (a) NA infusion during 90 min, no lipid (Fig. 3).
During this NA infusion FFA decreased from 510±68

to 270+59 LEq/liter at 90 min (decrease significant with
P < 0.05 at 30 min and P < 0.01 from 45 min on). FFA
remained low until 210 min (i.e. 120 min after the end of
the NA infusion) and then increased to a rebound value
of 1792±302 AEq/liter at 330 min. BS increased from
84±5.5 to 94+5.7 mg/100 ml (45 min), then decreased
slowly towards the preinfusion concentration.

HGHincreased from 1.5±1.1 to 4.5±2.0 ng/ml at 45
min during the flush period, then decreased to 0.4±0.3
ng/ml at 120 min and increased again to 8.4±2.5 ng/ml
at 240 min. It was still elevated to 3.4±3.0 ng/ml at 330
min.

(b) NA infusion during 90 min followed by lipid-plus-
heparin (Fig. 3). FFA decreased during the NA infu-
sion from 727±113 to 399±59 /Eq/liter at 90 min (de-
crease significant from 45 min on with P < 0.05). The
mean FFA concentration in this experiment was some-
what higher than during experiment Ha before and dur-
ing the NA infusion. However, this difference was never
statistically significant. Immediately after the onset of
the lipid infusion FFA began to rise from the depressed
level, attained the initial value within 30 min at 720±89
,uEq/liter and reached a maximum of 2876±349 ,Eq/liter
at 300 min. When compared with the 90 min value (end
of the NA infusion) the increase was significant from
120 min on (i.e. from 30 min later) (P < 0.01). BS in-
creased during the NA infusion from 82±4.0 to 95±4.6
mg/100 ml at 30 min, then decreased to 79±4.3 mg/100
ml at 120 min and slowly increased again during the
lipid infusion to 90+3.9 mg/100 ml at 270 min. The
mean BS concentrations of experiments Ha and IIb, re-
spectively, were not significantly different during the
whole experiment.

HGHincreased during the flush period from 0.4±0.2
to 5.4±2.1 ng/ml at 30 min and then decreased to 1.0+
0.4 ng/ml at 90 min. It then remained low, the highest
concentration reached thereafter being 1.7±0.6 ng/ml at
210 and 240 min. HGHvalues were significantly lower
than during experiment Ha at 210 and 300 min (P <
0.025) and 240 and 270 min (P < 0.005).

III. (a) Insulin hypoglycemia alone (Fig. 4). Iv. in-
jection of insulin caused a BS decrease from 84±3.4 to
29±2.3 mg/100 ml, the nadir occurring 30 min after the
injection. All subjects had BS nadirs of 35 mg/100 ml or
lower. FFA decreased from 567±95 to 285+28 ,Eq/liter
at 30 min. HGHincreased from 0.9±0.3 to 32.2±6.5 ng/
ml, the maximum occurring at 60 min.

(b) Insulin hypoglycemia during lipid-plus-heparin in-
fusion (Fig. 4). FFA were raised by the lipid infusion
from 713±89 to 1537±162 uiEq/liter within 60 min
(change significant with P < 0.05 at 30 min and P <
0.01 at 60 min). They decreased to 1176±88 uEq/liter
20 min after the insulin injection and increased again to
a maximum of 1974±217 uEq/liter at 180 min after in-
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FIGURE 3 BS, FFA, and HGHconcentrations during NA infusion alone
(90 min) and during NA infusion followed by lipid-plus-heparin infusion.
Means and SEMare shown.

sulin. The FFA concentration greatly exceeded that of
the control test (insulin alone) during the entire test
period. The hypoglycemic effect of insulin was fully pre-
served in the presence of elevated FFA: BS decreased
from 83±2.0 to 28±1.0 mg/100 ml at 30 min.

HGH increased from 1.4±0.8 to 11.4±1.6 ng/ml at
60 min after insulin, significantly less than during insu-
lin injection alone (difference from control test signifi-
cant at 45 min with P < 0.025, at 60 and 180 min with
P < 0.005, and at 90 and 120 min with P < 0.0005).

(c) Insulin hypoglycemia during NE infusion (Fig.
4). FFA were raised by the NEinfusion from 563±101
to 1405±+169 ,Eq/liter within 30 min (change significant
at 15 min with P < 0.05 and at 30 min with P < 0.01).

They decreased to 516±52 AEq/liter 30 min after the in-
sulin injection and increased again to a maximum of
1666±+146 /AEq/liter at 240 min. Thus the absolute FFA
decrease was much greater in this group than either dur-
ing insulin injection alone or when FFA were initially
raised by lipid infusion. During the entire experiment
FFA levels were intermediate between those of experi-
ment lIla (insulin alone) and experiment IIIb (lipid in-
fusion). BS values first increased under the influence of
the NE infusion from 84±2.9 to 105±4.1 mg/100 ml,
then decreased to 32±+1.4 mg/100 ml 30 min after the
insulin injection and rose again to levels slightly higher
than during the lipid infusion experiment (105±4.4 mg/
100 ml at 180 min). The absolute BS decrease was thus
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greater than during experiment Lila or b, due to the
prior catecholamine-induced BS elevation (72 vs. 55 and
55 ;ng/100 ml, respectively).

HGHrose from 2.4±1.1 to 19.0±6.2 ng/ml at 60 min
after insulin. This increase is significantly smaller than
during the control test (insulin alone) at 90 min (P <
0.01) and 120 and 180 min (P < 0.0025). The inhibition
of the HGH increase was however slightly less pro-
nounced than that achieved by the lipid infusion, though
the difference between the HGHconcentration of ex-

periment IIIb and LLMc, respectively, was significant
only at 180 min (P < 0.05).

(d) NE infusion alone (Fig. 4). NE infusion raised
FFA levels from 667±96 to 1689±137 /AEq/liter at 40
min after the onset of the infusion, followed by a slow
decrease to 1202±96 ,uEq/liter at 180 min. BS values in-
creased from 83±3.8 to 121±4.0 mg/100 ml at 40 min,
then decreased gradually to 104±5.8 mg/100 ml at 240
min despite the continuation of the infusion.

HGHwas highest 15 min after the onset of the NE
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stimulated by FFA depression as compared with insulin hypoglycemia.

infusion (4.4±1.7 ng/ml), then decreased slowly without
a new elevation. Indeed, the HGHconcentrations in this
group were lower during the entire time after the small
early elevation than during the saline experiment (Id),
though the difference between the mean HGHvalues of
these two tests never reached significance.

DISCUSSION
These results confirm the reports of Irie et al. (3)
that NA-induced FFA depression is followed by an
increase of HGHwith a lag period of about 2 hr and
of Blackard et al. (6) that elevation of FFA inhibits
hypoglycemia-induced HGH release. The mechanism
of this relationship has not been elucidated. Tsushima
et al. (4) suggested that the acute reduction of energy
fuel for the hypothalamus in the form of FFA is the
signal for HGH release. They concluded that. FFA
and glucose can substitute for each other as an energy
substrate since glucose administration prevented the
HGH increase that otherwise followed FFA decrease
from elevated levels. Though our experimental design
was somewhat different, our results fail to support this
thesis. In experiments Ib and c, after an early BS in-
crease (which may be due to a direct hyperglycemic
effect of NA (15)) constant moderate hyperglycemia
was maintained. Since glucose-induced insulin secre-
tion is not diminished by NA (15) and glucose turn-
over is even increased during NA-induced FFA de-
pression in the dog (16), it can be assumed, that the
administered glucose was fully available to the cells.
Yet, HGHlevels increased significantly following the
FFA depression. On the other hand-in accordance
with the results of Blackard et al. (6)-the HGHre-
sponse to insulin hypoglycemia was diminished but not
abolished in the presence of elevated FFA levels, dem-
onstrating that even during abundance of FFA the

hypothalamic GH-releasing mechanism responds to
glucose lack. Furthermore, exercise-induced HGH
release-usually interpreted as reflecting a state of
acute energy need-is prevented by glucose but not by
lipid administration (17, 8). Here again apparently
FFA and glucose are not interchangeable in their in-
fluence on HGHrelease. The relationship between FFA
and other stimuli of HGHsecretion may be different
since arginine-induced HGH release is abolished by
FFA elevation (6). Whether higher BS levels than
those attained in our experiments-which were roughly
equivalent to those reported by Tsushima et al. (4)
are more effective to suppress the HGH response to
FFA depression, remains to be investigated.

The lag period between FFA depression and HGH
increase (which somewhat recalls the latency in onset of
the hormone's lipolytic effect (1, 2)) was essentially the
same in the absence and the presence of hypergly-
cemia and identical to that reported after i.m. ad-
ministration of NA by Irie et al. (3). Its cause is un-
known. One possible explanation would be that the
breakdown of an intracellular reservoir of triglycerides
-not affected by NA-could substitute during a cer-
tain time for the diminishing supply of plasma FFA.
The wide scatter in the time of onset of the HGH
response after FFA depression could then tentatively
be explained by variations in the intracellular tri-
glyceride stores at the hypothalamic level. There is in-
direct evidence that not all tissues participate in the
NA-induced inhibition of lipolysis (18). However,
practically nothing is known about the lipid metabolism of
the hypothalamus, though the FFA concentration of
this area has recently been found (in the rat) to be
much higher than in other parts of the brain (19).
FFA have also been suggested to play a role in post-
synaptic membrane permeability in the brain, but these
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are thought to be derived from brain phospholipids
rather than from peripheral sources (20). On the other
side, a small but apparently significant amount of FFA
is taken up from the blood into the brain and there
incorporated into lipids (21). Whether these findings
have any significance for the relationship between
plasma FFA and HGH secretion remains at present
obscure.

Acute supply of FFA at the end of the lag period
prevented the expected HGHincrease. FFA enter the
cells very rapidly having a plasma half-time of only
2-4 min (22) and can thus quickly restore the intra-
cellular FFA reservoir. The rapid effect of FFA
elevation at the end of the lag period favors but does
not prove the concept that FFA lack is directly re-
sponsible for the HGHrelease.

During the 5 hr NA infusion the degree of FFA
depression and the absolute FFA levels were essen-
tially the same as during the 1 hr NA infusion, but
the duration of FFA depression was longer and the
FFA rebound was prevented. The HGHincrease was
significantly greater than during the shorter FFA
suppression, suggesting that the duration of the FFA
decrease is important for the magnitude of the HGH
response. However, it is not possible to differentiate
between the effect of- a prolonged FFA depression and
the absence of a suppressive effect of the FFA re-
bound on HGH release. The HGH increase in the
absence of a FFA rebound rules out the possibility
(26) that the secondary increase rather than the de-
crease of FFA might be the cause of HGH release
after NA administration. No apparent relation could
be found between the magnitude of individual HGH
increases and the corresponding FFA rebound and the
HGHincrease preceded the FFA rebound in most but
not in all subjects. Absence of such a relation has also
been reported in the monkey (7). This supports the
view that factors other than HGHare more important
for the FFA rebound, but does not exclude its partici-
pation in those cases in which the HGHincrease occurs
early enough before the rebound (24, 25). When the
FFA infusion was extended to 5 hr, half of the sub-
jects complained about abdominal discomfort and nau-
sea.3 While we think that the early HGHincrease in
some of the subjects during NA infusion is due to the
stress of the flush period together with apprehension
at the beginning of test, the larger HGH increase
during the later part of the 5 hr NA infusion is prob-
ably unrelated to stress. HGHlevels were already de-
creasing when these symptoms occurred and no new

'These symptoms are reminiscent of those of the Jamai-
can vomiting sickness in which inhibition of FFA oxidation
is one important factor (23). However, a direct effect of
the prolonged NA infusion cannot be ruled out.

increase was seen. Moreover, there was no relation
between the gravity of these symptoms and the magni-
tude of individual HGH increases.

Stimulation of HGH release by FFA depression
(whether or not accompanied by glucose infusion) was
submaximal when compared with that seen during in-
sulin hypoglycemia. Indeed it equaled only that which
persisted when hypoglycemia-induced HGH release
took place in the presence of elevated FFA levels (Fig.
5). It seems that FFA depression is a less potent stim-
ulus of HGH release than insulin hypoglycemia. The
apparent slow onset of HGHincrease after FFA de-
pression in the curves representing mean values is,
however, a result of the scatter in the time of onset of
the increase between individuals. Rises of more than
10 ng/ml within 30 min were seen in more than one-
third of the subjects, making it very probable that
HGHrelease and not a decrease in the rate of degra-
dation was responsible for the changes in the HGH
plasma concentration.

In contrast to the lag period involved in HGHre-
lease after FFA depression the inhibitory effect of
FFA elevation on HGHsecretion was observed when
FFA were increased only 30 min before induction of
hypoglycemia. Two different ways were used for rais-
ing FFA is order to try to rule out direct influences
of the substances used on HGH release. That both
methods proved effective to inhibit HGHrelease pro-
vides evidence that in fact elevation of FFA and not
constituents of the lipid mixture, heparin, or NE were
responsible for the inhibition. Blackard et al. have
shown, that neither triglycerides nor ketone bodies can
account for the suppressive effect of lipids on GH re-
lease (5, 6). NE has predominantly alpha adrenergic
stimulatory activity (27) and HGH secretion is en-
hanced by stimulation of alpha adrenergic receptors
(28, 29). While the effect of systemically administered
NEon HGHrelease has not been studied before, epineph-
rine stimulates HGHsecretion in the presence of beta
adrenergic blocking agents but not when given alone
(30, 31). In our experiments, when NE alone was
infused, no HGH increase was seen. In fact, HGH
concentration was even lower than during saline in-
fusion, suggesting that the effect of elevated FFA over-
powered any possible influence of alpha adrenergic
stimulation on HGHrelease. That NE was somewhat
less effective in suppressing HGHsecretion than lipid
infusion can therefore not be ascribed to activation of
alpha adrenergic receptors. It may be due to the greater
insulin-induced FFA decrease in the NE experiment.
Since a fall of FFA from elevated levels can stimulate
HGHsecretion (4) this could have counteracted the
inhibitory influence of the prior FFA elevation thus
resulting in less net inhibition of HGHrelease.
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Depression of HGHsecretion by elevated FFA and
stimulation of HGH secretion by depression of FFA
together with the lipolytic effect of the hormone pro-
vide the basic requirements for a negative feedback
loop between the plasma FFA concentration and HGH
secretion. The timing of responses in this feedback
makes it important for subacute rather than for acute
changes of FFA levels. The role of HGH for the
mobilization of FFA during fasting (32, 33) and after
exercise (17, 34) has recently been questioned (35, 36),
and human dwarfs with an isolated HGH deficiency
have been reported to have elevated rather than low
FFA and to mobilize FFA adequately during fasting
(37). However, their lower than normal insulin levels
may facilitate FFA mobilization in the absence of
HGH. Existing relations between HGHsecretion and
the plasma FF concentration may often be obscured by
such factors as the delay of the HGHrise after FFA
depression, the delay in the onset of the lipolytic action
of the hormone, by the wide scatter of the time of
onset of an HGHrise after FFA suppression between
individuals and by the tendency of HGHto be secreted
in bursts rather than continuously even during per-
sistence of the stimulus (17).
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