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Summary. Normal adult men and women have been infused with epinephrine,
6 /Ag per minute, during lipolytic blockade with nicotinic acid, beta-adrenergic
blockade with propranolol and Butoxamine, and alpha-adrenergic blockade
with phentolamine. Epinephrine infusion was associated with low serum
levels of immunoreactive insulin (IRI) except when phentolamine was given
simultaneously. These findings are compatible with an alpha receptor mecha-
nism for the epinephrine inhibition of insulin release. Phentolamine had no
blocking effects on the tachycardia and widened pulse pressure or lipolytic
stimulation by epinephrine, whereas both propranolol and Butoxamine blocked
lipolysis, tachycardia, and widened pulse pressure. These findings are con-
sistent with an alpha receptor blocking action for phentolamine and beta re-
ceptor blocking action for propranolol and Butoxamine. Inhibition of lipoly-
sis by nicotinic acid did not alter IRI or glucose responses to epinephrine.
It is concluded that the lipolytic effect of epinephrine is unrelated to its effects
on IRI release. Lipolytic blockade by nicotinic acid also did not change IRI
or glucose in fasting subjects or their responses to a glucose infusion, 300 mg
per minute. These observations appear to conflict with the Randle hypothe-
sis (the glucose-fatty acid cycle) and raise some doubt as to whether plasma
FFA concentrations are direct determinants of glucose or IRI concentrations
in normal man.

Introduction
Infusions of epinephrine (1) and norepinephrine

(2) recently have been shown to inhibit the re-
lease of serum immunoreactive insulin in man.
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This inhibition of insulin release also has been
demonstrated in pancreatic slices in vitro (3), by
pathologic study of the pancreas (4), and by mea-
surements of pancreatic venous blood insulin levels
in animals in vivo (5). Therefore, catecholamines
presumably have a direct action on the secretion
of insulin by pancreatic beta cells. Both the in
vitro and in vivo effects are blocked by prior ad-
ministration of dihydroergotamine (3, 4), sug-
gesting that adrenergic receptors similar to those
responsible for the effects of catecholamines on
muscle are involved. Two types of catecholamine
receptor (alpha and beta) are presently believed
to explain most of the results obtained in catechol
stimulation studies, and a nomenclature proposed
by Ahlquist (6) has been generally adopted to
separate these receptors on a functional basis.
The specific receptor responsible for the inhibiting
effects of catecholamines upon insulin secretion
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TABLE I

A classification of some of the properties of catecholamine stimulation and blocking agents used in this study*

Nicotinic acid
Receptor Propranolol Butoxamine Phentolamine (nonadrenergic

Physiologic effect type (a blocker) (,6 blockert) (a blocker) blocking agent)

Tachycardia + + Ot 0
Arterial vasoconstriction a 0 0 + 0
Arterial vasodilation , + + 0 0
Inhibition of intestinal motility a and j8 Partial Partial Partial 0
Bronchodilation , + + 0 0
Accelerated liver glycogenolysis a§ 0 0 + 0

( T blood sugar)
Accelerated muscle glycogenolysis + + 0 0

( T blood lactic acid) 11
Increased lipolysis in adipose tissue + + 0 +
(T plasma FFA)

* + indicates the drug to be an effective blocking agent. 0 indicates no effect.
t May have other metabolic effects unrelated to catecholamine blocking effects.
$ May cause tachycardia when given alone.
§ ,3 receptors may be present in some species.
11 Increased cycling of lactic acid to glucose in the liver may raise blood sugar.

has not been elucidated because a) both epineph-
rine and norepinephrine stimulate both alpha and
beta receptors, and b) ergotamine derivatives have
been shown to block both alpha and beta receptor
responses (7-10). During the past 5 years newer
drugs that are more selective in their ability to
block either alpha or beta receptors have been
described (Table I). These compounds have been
used in the present study to define the receptor
mechanism for the inhibition of insulin release
by epinephrine.

Methods

Subj ects selected were all ambulatory, apparently
normal young adult men and women. A total of twenty
studies were performed on nine men and six women.
Volunteers were excluded if they exceeded their ideal
body weight by more than 15% 1 or if there was a
family history of diabetes mellitus. Some of the sub-
jects were studied more than once. All subjects con-
tinued to eat their regular diet, but on the night before
the study they were instructed to take no solid food
after the evening meal and no liquids except water af-
ter midnight. No smoking was allowed on the day of
the test. The volunteer subject on arrival at the Clinical
Research Center was put to bed, and a slow intravenous
drip of 0.85%o sodium NaCl was begun through each of
two indwelling venous plastic catheters. Blood samples
were withdrawn through one catheter and drugs and
glucose infused through the other. No anticoagulants
were given to the patient or were present in the sampling
syringes. Blood samples were taken every 15 minutes
and kept at 40 C until the end of the study. At this
time heparinized samples were centrifuged at 4° C, and

1 Calculated from statistical tables -of the Metropolitan
Life Insurance Co.

the separated plasma was frozen at - 190 C for future
analysis of glucose and free fatty acids. Blood samples
for measurement of IRI were allowed to clot for 1 hour
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at room temperature, and the serum was then separated
from the clot and frozen at - 190 C until analyzed for
IRI by the double antibody immunoprecipitation technic
(11) modified from Morgan and Lazarow (12). Free

C*tooz a, +fatty acids were titrated against standard base by a
modified Dole procedure (13). Plasma glucose was mea-

o4 00e4 t- sured by a Technicon Autoanalyzer with a ferricyanide
reagent (14) or by a modification of the glucose oxidase

4
> _ 00 o technic (15). Nicotinic acid,2 10 mg per ml, phentola-
-4_4 4 C4>mine,8 and epinephrine4 were commercially available.

Propranolol 5 and tertiary butyl methoxamines were
NO C4 C4

o > +supplied for phase I clinical investigation studies. When
epinephrine infusions were given, auto-oxidation was

- -> > > o e prevented by the addition of ascorbic acid, 2.5 mg per
V4 ml of infused solution.

0O _ eq .00ums

0 Results
w~~~~~~0 no M 0 e

l4-4e:>-

_ _Nicotinic acid. Nicotinic acid was given as a
e-e0r~single injection of 200 mg followed by 100 mg

every 15 minutes just after a blood sample was
withdrawn. Seventy-five or 90 minutes after the
initiation of nicotinic acid therapy, epinephrine (6
JIg per minute) or glucose (300 mg per minute)X-0 co 0 04was infused. A total of four subjects were stud-
led. In two subjects the glucose was given first,

4 C4 Q in .A and in two the epinephrine was given first. A-.8( 90-minute interval was allowed between infusions
V4 V- S " > " ^ | .! = when glucose was given first, 150 minutes when

40 I

A 0x x ^ > b ° HO Ad epinephrine was given first. Since the data were
be . comparable for the two studies, Figure 1 and Table

a0a3, A II represent the pooled response to glucose and
$Oa e £6 - > @ 4 epinephrine of all four subjects. For clarity of
z__.~. presentation, the first 90 minutes of observation

'O Ma -4 0% 0 before the infusion of epinephrine or glucose is
*_=3 repeated in both graphs. The basal level of free

o u~t,.,ou)l _̂ fatty acids was decreased by nicotinic acid to 25%o
.X or = <,, £ of the mean control value, before the infusion of
° co - either epinephrine or glucose. There was no

r a f: e 4) OO change in either IRI or glucose during this time.
The infusion of epinephrine was associated with

> 00 'O. 0 marked hyperglycemia but no change in basal
Eigo"N level of immunoreactive insulin. Fifteen minutes

02=o~c after the epinephrine was stopped, there was a

v;S.>) prompt rise in IRI levels to a peak 15 minutes_ " .a.=after the infusion. In contrast, in the same four
beWEoV, -e q^esubjects there was a prompt rise in insulin levels

l4 b wo during the infusion of glucose, which decreased
0 5 4 0

. 2 Eli Lilly, Indianapolis, Ind.
@,Q=@ 3 8 Regitine, Ciba Pharmaceutical Co., Summit, N. J.
._ 04)X 4 Parke Davis and Co., Detroit, Mich.An 04 X Ztots~-5 Inderal, Ayerst Laboratories, New York, N. Y.

* Id~O0 6 Butoxamine, Burroughs Wellcome and Co., Tucka-
hoe, N. Y.
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parallel to the fall in blood sugar after the infusion
was stopped. These IRI and glucose responses
were similar in magnitude to those previously
found with epinephrine or glucose alone without
nicotinic acid blockade of free fatty acid mobili-
zation (1). All subjects showed the expected
tachycardia and widened pulse pressure during
the epinephrine infusion.

Propranolol. After a control period of 1 hour,
5 mg of propranolol was given as a single intra-
venous injection to five subjects, and 5 to 15
minutes later an infusion of epinephrine, 6 ug
per minute, and propranolol, 0.08 mg per minute,
was begun for 1 hour in four subjects. In four
of the five subjects, a single blood sample taken 5
minutes after the single injection of 5 mg of pro-
pranolol showed no change in basal FFA, IRI,
or glucose, nor were basal values altered in two
subjects measured at 15 minutes. During the
infusion of epinephrine in four subjects, lipolysis
stimulated by epinephrine was almost completely
inhibited by the simultaneous administration of
propranolol (Figure 2). Hyperglycemia still oc-

curred and was of the same order of magnitude
as found previously with epinephrine alone (1) or

during nicotinic acid treatment. Serum IRI levels
fell during the combined infusions to approxi-
mately 50% of the mean control levels in fasting
subjects (Table III). This fall resulted in IRI
levels significantly lower than basal and lower
than those found with nicotinic acid in the present
report or than those previously reported with
epinephrine alone (1). After cessation of the
combined infusions, there was the usual prompt

Epinephrine. Propranolol 5mg STAT
6jg/min. and 0.8 mg/min.

FREE
FATTY
ACID

At PLASMA
; GLUCOSE

0k

LI

IMMUNO-
REACTIVE
INSULIN

0 60 120 180
Minutes

FIG. 2. THE EFFECT OF INTRAVENOUS PROPRANOLOL ON
THE FREE FATTY ACID, PLASMA GLUCOSE, AND SERUM IM-
MUNOREACTIVE INSULIN RESPONSES TO EPINEPHRINE IN-
FUSION. Four subjects. See Figure 1. Stat. =at once.

rise in IRI levels. During the combined proprano-

lol-epinephrine infusion all subjects were found
to have mild hypertension and bradycardia rather
than tachycardia and widened pulse pressure.
Butoxamine. Butoxamine was given to five

subjects orally. The first subject received 3 mg

TABLE III

The effect of propranolol on the immunoreactive insulin response to an epinephrine infusion

Minutes: -60 -45 -30 -15 5 10 15 30 45 60 75 90 105 120 135 150 165

Subject Sex Propranolol* Epinephrinet

pU/mi
J.L. F 10 10 9 10 10 10 10 8 6 7 21 14 24 12 9

Epinephrinet
and

propranololt
R.R. M 15 14 15 12 7 5 5 5 59 66 40 29 14
M.M. M 8 8 9 8 8 5 4 4 4 36 43 31 24 21 20
M.G. F 7 8 6 7 6 5 4 3 3 40 19 16 12 10
K.C. F 8 7 6 7 7 7 7 6 5 5 4 18 15 14 14
Mean 10 9 9 9 8 7 5 5 5 35 31 27 18 13

* Propranolol, 5 mg, at 0 time.
t Epinephrine, 6 ug per minute, for 60 minutes from 16 through 75 minutes.
t Propranolol, .08 mg per minute, for 60 minutes from 16 through 75 minutes.
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FIG. 3. THE EFFECT OF ORAL (P.O.) BUTOXAMINE ON
THE FREE FATTY ACID, PLASMA GLUCOSE, AND SERUM IM-

MUNOREACTIVE INSULIN RESPONSES TO EPINEPHRINE. Four
subjects. See Figure 1.

per kg, and although this dose was adequate for
blockade of the cardiovascular effects of epineph-
rine, stimulation of lipolysis and glycogenolysis
still occurred. Therefore, the next four subjects
were given 10 mg per kg. Two hours after the
ingestion of the drug each subject was infused
with 6 pg of epinephrine per minute for 1 hour.
During the 2-hour preinfusion period, there was

a small fall in both glucose and free fatty acids
in the four subjects shown in Figure 3. Both
measurements dropped to 80%o of control values,

but only the glucose drop was statistically sig-
nificant from control (p < 0.05) for the 120- and
150-minute points. The fifth subject given the
smaller dose showed the same fall in both parame-

ters. IRI showed a small and variable rise for
the 30-and 60-minute specimens after Butoxamine.
Although four of the five subjects showed this
change, the mean response was not significant
because of its variability in time and magnitude
(Table IV). During the infusion of epinephrine,
lipolysis was blocked by about 509o%; blood sugar

levels were slightly lower than those found with
epinephrine alone (1) or with epinephrine and
nicotinic acid or propranolol blockade. IRI levels
decreased to approximately 50% of control and
were similar to those found during propranolol
blockade of epinephrine. These levels were sig-
nificantly lower than those found during the nico-
tinic acid study or with epinephrine alone (1).
After the epinephrine infusion, there was the
usual prompt rebound in serum IRI. Pretreat-
ment of these subjects with Butoxamine prevented
the usual tachycardia and widened pulse pressure

produced by epinephrine. Instead, mild brady-
cardia and slight hypertension were found. The
patients had no subjective sensations of nervous-

ness or tremor as is usually found during epineph-
rine infusions.

Phentolamine. After a control period of 1

hour, five subjects were given a single rapid injec-
tion of 5 mg of phentolamine followed by a con-

tinuous infusion of phentolamine, 0.5 mg per

minute, and epinephrine, 6 mg per minute for 1
hour. The glucose rise during these infusions
was less than was found without phentolamine
(1) or during nicotinic acid blockade. Free fatty

TABLE IV

The effect of oral Butoxamine on the immunoreactive insulin response to an epinephrine infusion

Minutes: -30 -15 30 60 90 120 135 150 165 180 195 210 225 240
Butoxamine* Epinephrinet

Subject Sexc

D.P. M 10 10 12 11 9 8 5 7 6 7 28 23 20 17
T.H. M 18 13 15 22 12 16 9 10 10 12 37 26 16 17
R.R. M II 11 23 24 16 13 7 6 6 7 32 18 11
J.M. M 24 24 31 32 26 24 13 16 16 17 48 38 24 22
K.W. F 22 20 20 22 23 22 16 15 15 15 27 22 19 20

Mean 17 15 20 22 17 16 10 11 10 12 34 27 19 17

* Butoxamine, 3 mg per kg in D.P., 10 mg per kg in other subjects at 0 time.
t Epinephrine, 6 gsg per minute intravenously, from 121 through 180 minutes.
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FIG. 4. THE EFFECT OF INTRAVENOUS PHENTOLAMINE

(REGITINE) ON THE FREE FATTY ACID, PLASMA GLUCOSE,
AND SERUM IMMUNOREACTIVE INSULIN RESPONSES TO EPI-

NEPHRINE. Five subjects. See Figure 1.

acid stimulation of lipolysis was comparable to
that found with epinephrine alone (1). IRI levels,
however, were strikingly different .and were ele-
vated in all subjects at all times during the infu-
sions (Figure 4, Table V). After the infusions
there was not the usual rebound in IRI but a
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25
70-
60-
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reactive 40-

Insulin 30-
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°-- | Phhentolamine 0.5 mg/ min.

-15 0 60 120 180 240 300 360

Minutes

FIG. 5. THE EFFECT OF INTRAVENOUS PHENTOLAMINE

ON THE CONCENTRATIONS OF FREE FATTY ACID, PLASMA GLU-

COSE, AND SERUM IMMUNOREACTIVE INSULIN IN FASTING

SUBJECTS. After phentolamine had been infused for 1
hour, epinephrine was given together with phentolamine
for an additional 4 hours. Subject R.R.

progressive fall similar to that found after glucose
infusions. The magnitude of the IRI rise was

quite variable (Table V), and this is reflected in
the wide 95% confidence intervals found in Fig-
ure 4.
Four other subjects were given phentolamine

alone. Two of them received infusions for 30
minutes and one for a full hour in a manner similar
to the infusion of epinephrine. The fourth sub-
ject was given phentolamine for an hour preceding

TABLE V

The effect of phentolamine on the immunoreactive insulin response to an epinephrine infusion

Minutes: -60 -45 -30 -15 15 30 45 60 75 90 105 120
Phentolamine* Epinephrinet

Subject Sex and
phentolaminet

pU/ml
R.O. M 7 9 7 6 21 22 25 24 14 6 7 4
H.L. M 16 23 15 14 26 35 42 35 27 27 22 19
R.G. M 18 19 19 21 34 33 37 50 31 26 25 24
S.S. F 11 10 10 9 43 67 70 70 37 25 25 32
J.L. F 11 7 10 7 21 34 29 30 10 8 6 7
Mean 13 12 12 11 29 38 41 42 24 18 17 17

* Phentolamine, 5 mg, at 0 time.
t Epinephrine, 6 jug per minute for 60 minutes.
t Phentolamine, 0.5 mg per minute for 60 minutes.
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and also during a 4-hour epinephrine infusion
(Figure 5). None of the subjects given phentol-
amine alone showed any change in plasma glucose
or serum IRI. In two there was a small and
variable rise in FFA. All showed tachycardia and
widened pulse pressure with phentolamine alone,
and similar tachycardia and widened pulse pres-
sure was found in all subjects given the combined
phentolamine and epinephrine infusion. Although
the combined phentolamine and epinephrine infu-
sions had decreased the plasma glucose response
to epinephrine somewhat, the one subject (R.R.)
given phentolamine, both before and during epi-
nephrine (Figure 5), showed a much greater in-
hibition of glucose rise. In this subject, the maxi-
mal concentration of plasma glucose was 113 mg
per 100 ml after 1 hour of epinephrine infusion,
whereas it was 180 mg per 100 ml with nicotinic
acid blockade and 166 mg per 100 ml with epi-
nephrine alone (1).

Discussion

The concept that catecholamines produce effects
by stimulating two types of receptors was origi-
nally proposed by Ahlquist (6) in studies involv-
ing skeletal, smooth, and cardiac muscle. His con-
clusions have been amply confirmed, but until
recently there has been considerable confusion
about the applicability of this concept to the known
lipolytic and glycogenolytic stimulation by cate-
cholamines. This confusion appears to have been
resolved by more recent studies which show that
both lipolysis in adipose tissue and glycogenolysis
in liver and muscle can also be explained by a
two receptor theory. Specifically, free fatty acid
mobilization from adipose tissue and glycogenoly-
sis in muscle appear to be beta-adrenergic effects
(16-18), whereas glycogenolysis in liver appears
to be primarily a specific alpha-adrenergic re-
ceptor effect (18), although beta receptor function
has not been completely excluded in some species.
The inhibition of insulin release by epinephrine
was reversed only by simultaneous infusion of
phentolamine. Most previous studies of this drug
have been consistent with an alpha blockade action
(19). There was no inhibition of the lipolytic
properties of epinephrine and no blockade of the
usual tachycardia and widened pulse pressure.
Although the latter observation is somewhat diffi-

cult to interpret, because phentolamine infusion
alone will cause tachycardia and widened pulse
pressure, both are consistent with an alpha re-
ceptor blockade, since free fatty acid mobilization,
cardiac stimulation, and vasodilation are consid-
ered to be beta-stimulating effects of epinephrine
(vida supra). The elevated IRI during phentol-
amine and epinephrine infusions was associated
with significantly lower plasma glucose levels than
were found during epinephrine infusions with
nicotinic acid or propranolol, or during epineph-
rine infusion alone (1). The lower glucose level
presumably in part reflects the higher IRI re-
sponse, but could be partly or entirely related to
other effects of phentolamine upon epinephrine-
stimulated glycogenolysis in muscle or liver. The
study does not allow an independent evaluation
of these possibilities.

Propranolol, which has been reported to produce
a specific beta-adrenergic blockade (20), was as-
sociated during epinephrine infusions with IRI
levels that fell significantly below basal, rather
than remaining unchanged as found with epineph-
rine alone (1) or epinephrine and nicotinic acid.
The present studies are completely compatible with
a beta-adrenergic mechanism for propranolol
blockade, since free fatty acid release was almost
totally inhibited and tachycardia and widened
pulse pressure were replaced by bradycardia and
hypertension. Pretreatment with Butoxamine
produced similar changes in both IRI and FFA,
although the free fatty acid blockade was less
complete. These effects were to be expected if
the beta-adrenergic properties of epinephrine were
blocked by both drugs, leaving the alpha-adrener-
gic-stimulating effects unhindered. The similar
depression of basal insulin values (an exaggera-
tion of the inhibiting effect of epinephrine) by
these two drugs suggests either that stimulation
of beta receptors releases insulin or that blockade
of the beta-stimulating properties of catechola-
mines in some way enhances the IRI-inhibiting
alpha-adrenergic effects. In other studies (21)
isoproterenol, an apparently specific beta-stimulat-
ing catecholamine, has been found to stimulate
insulin release in the absence of hyperglycemia.
This observation would favor the latter hypothesis
that beta stimulation by epinephrine results in
stimulation of insulin release. Blockade of this
beta stimulation would then be one possible ex-
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planation for the fall of IRI during epinephrine
infusions with Butoxamine and propranolol. In-
travenous propranolol had no acute effect on fast-
ing free fatty acids, glucose, or IRI (five subjects
at 5 minutes, two at 15 minutes), but oral Butoxa-
mine reduced both free fatty acids and glucose in
fasting subjects. The- mechanism for the fall in
basal free fatty acid and glucose after Butoxamine
is not clear from our study, but it is of interest
that four of the five subjects showed small in-
creases in IRI 30 and 60 minutes after the drug
had been given. Although the magnitude of these
IRI changes was quite variable, it seems possible
that insulin release by Butoxamine might be re-
lated to an initial beta-adrenergic stimulation by
the drug, causing effects similar to isoproterenol
infusion (21). Further studies seem necessary to
evaluate this possibility.

Nicotinic acid has been shown to localize in
adipose tissue and to block many hormonally in-
duced stimuli to free fatty acid mobilization (22).
The present studies reaffirm this blocking effect in
normal man. If the effect of epinephrine on in-
sulin release were due to a specific adrenergic
mechanism, one would not expect that blocking
lipolysis would in any way change the response
of IRI to epinephrine infusion. Since this was
observed, it would appear that the lipolytic effect
of epinephrine is totally unrelated to its inhibition
of IRI release. The additional observation that
lowering free fatty acids to 25% of their usual
levels had no effect on fasting glucose or IRI, or
on the IRI response to a small glucose challenge,
is of particular interest. Randle, Garland, Hales,
and Newsholme proposed from extensive in vitro
studies that free fatty acid levels were important
regulators of glucose entry into cells (23). If
this hypothesis were applicable to man, one would
expect that marked changes in FFA in fasting
subjects would be reflected by changes in either
fasting glucose or IRI or both. One might also
expect that the IRI or glucose response to a glu-
cose load would be altered. The present observa-
tions do not confirm this hypothesis, since glucose
and IRI concentrations were comparable to those
observed previously without nicotinic acid block-
ade of FFA mobilization (1). Further studies
seem necessary, therefore, before the Randle hy-
pothesis can be applied without modification to
normal man.
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