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Interest in adrenal medullary function has been
revived in recent years by the demonstration that
the adrenal medulla produces two hormones, epi-
nephrine and nor-epinephrine. Nor-epinephrine,
which is also produced by adrenergic nerves (1),
differs in its chemical structure from epinephrine
by the absence of an N-methyl group, and is the
probable precursor of epinephrine. The obser-
vation by Goldenberg, Faber, Alston, and Chargaff
(2) that adrenal medullary extract from cattle
(natural epinephrine, U.S.P.) contained up to 18
per cent nor-epinephrine was confirmed by Tullar
(3) and Auerbach and Angell (4). Subsequently,
nor-epinephrine was found in varying proportions
in the adrenal medullary extracts of several mam-
malian species, including man, and it has been
shown that the majority of pheochromocytomas
contain larger amounts of nor-epinephrine than of
epinephrine (5).

Although the cardiovascular effects of these
hormones in man have been well established (6),
there are few studies concerning their comparative
metabolic effects. It is highly probable that in
many of the early studies of the circulatory and
metabolic effects of epinephrine, mixtures which
contained varying proportions of nor-epinephrine
were used, since it was demonstrated in 1948 that
adrenal medullary extract from cattle produced a
rise in blood sugar in the rabbit comparable to that
obtained with a mixture of 75 per cent epinephrine
and 25 per cent nor-epinephrine, rather than that
obtained with pure epinephrine (7).

The similarity of the responses which occur
during insulin hypoglycemia to those produced

'The work described in this paper was aided in part
by grants from the Life Insurance Medical Research
Fund and the Georgia Heart Association.

2Present address: Veterans Administration Hospital,
Cincinnati, Ohio.

by the administration of epinephrine, and the pres-
ence of increased amounts of epinephrine in the
blood and urine during hypoglycemia (8, 9), have
led to the general belief that increased adrenal
medullary secretion during insulin hypoglycemia
is in part responsible for the symptoms produced
and for spontaneous recovery of the blood glucose
level. This is further suggested by the observation
in rats that a rise in blood lactic acid, similar to
that which results from the administration of epi-
nephrine, also occurs during insulin hypoglycemia.
The lactic acidemia induced by hypoglycemia can
be prevented by adrenal medullectomy (10).

This study was undertaken 1) to evaluate cer-
tain metabolic and circulatory effects of pure epi-
nephrine and nor-epinephrine in man and to com-
pare these effects with those induced by insulin
hypoglycemia, and 2) to determine the effect of
an autonomic blocking agent on certain circula-
tory and metabolic changes which occur during
insulin hypoglycemia in order to throw light on
the mechanisms involved in these changes.

MATERIAL AND METHODS

All subjects were free of metabolic or cardiovascular
disease and fasted for at least 12 hours without physical
activity or sedation. Throughout the study, blood pres-
sure was measured at one-minute intervals by the aus-
cultatory method. Pulse rate was measured every five
minutes and electrocardiograms were obtained at fre-
quent intervals. Lactic acid and glucose (as total re-
ducing substance) were determined in duplicate in cop-
per tungstate filtrates prepared from venous blood. Glu-
cose was measured by the Nelson method (11) and lactic
acid by a modification of the Barker-Summerson method
(12).

Solutions of pure 1-epinephrine and 1-nor-epinephrine3
were made from the powdered form and ascorbic acid

8 Supplied through the courtesy of Dr. M. L. Tainter,
Winthrop-Steams, Ind.
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TABLE I

The effect of epinephrine on blood lactic acid and blood glucose

Blood lactic acid Blood glucose
mg. Per 100 cc. mg. Per 100 cc.

Epinephrine Time after infusion started (min.) Time after infusion started (min.)
dosage

Subject mcg./kg./min. 0* 15 30 45 60 75 0* 15 30 45 60 75

P. S. .085 7.8 17.4 23.7 30.2 75 129 159 154
R. R. .085 7.5 15.3 16.0 12.8 104 148 162 154
R. J. .085 11.2 11.8 15.0 15.7 15.4 15.1 92 106 113 120 117 99
S. W. .085 10.5 14.8 20.2 24.1 24.8 21.2 101 110 119 123 120 109
D. V. .085 8.6 13.8 13.5 15.6 16.0 12.6 105 124 142 147 145 129
I. C. .085 20.3 25.3 25.5 27.8 29.4 25.9 99 123 129 141 137 132
W. J. .085 8.5 9.9 12.4 14.5 13.6 101 112 122 132 124
R. T. .085 13.7 21.3 26.1 29.1 28.9 23.6 95 121 134 150 149 136

Mean rise at indicated time 4.0 7.2 9.8 10.4 6.8 17.2 33 45.3 41 23

P. S. .170 11.0 18.2 20.3 24.0 30.2 20.5 91 138 151 181 178 159
R. R. .170 8.8 25.3 28.9 18.7 102 142 178 178
R. J. .170 12.2 15.3 18.4 21.8 21.8 19.7 93 110 123 135 142 120
S. W. .170 12.5 20.1 27.3 38.0 38.2 37.1 101 113 148 132 122 110
D. V. .170 8.8 17.4 18.2 18.3 16.7 16.3 104 132 148 171 172 155
I. C. .170 17.2 26.1 33.0 36.1 35.4 31.8 102 127 151 156 156 133
W. J. .170 12.7 25.5 23.1 28.9 30.0 98 106 124 142 146
R. T. .170 11.2 24.9 30.2 36.1 36.5 21.7 107 141 152 172 172 155

Mean rise at indicated time 8.8 12.7 17.2 16.6 12.4 24.4 42.6 58.6 58.5 39.0
Mean difference in rise with

the two doses 5.1 5.5 7.4 6.3 6.1 3.5 9.6 13.4 17.5 10.6
S.E. 1.36 1.22 1.90 1.94 2.37 1.82 3.54 2.09 3.42 5.57
p <.02 <.01 <.01 <.02 <.1 <.2 <.05 <.001 <.01 <.2

* The values in 0 column are the mean of two determinations obtained during the control period.

was added as a preservative. Appropriate dilutions with
saline were made from these stock solutions.

Following a one-hour control period, .085 mcg. per
kg. per min. of epinephrine was administered intrave-
nously with a Bowman constant infusion pump to eight
subjects for a 50-minute period. Two blood samples
were obtained during the control period and single sam-
ples at 15-minutes intervals during and after the infu-
sion period. In order to evaluate dose responses, the in-
fusions were repeated in the same subjects on a subse-
quent day under similar conditions except that the quan-
tity of epinephrine was doubled (.170 mcg. per kg. per
min.) .4

The effects of nor-epinephrine .170 mcg. per kg. per
min. were studied in a similar manner in four subjects.
Double this dosage of nor-epinephrine was attempted, but
had to be discontinued because of severe side effects.

In order to determine whether the circulatory and
metabolic changes induced by administered epinephrine
were affected by an autonomic blocking agent, hexa-
methonium 5 (100 mg.) was administered intravenously
to three subjects before beginning an infusion of .085 mcg.
per kg. per min. of epinephrine. Three additional sub-

4The doses of epinephrine and nor-epinephrine origi-
nally planned for this study were 0.10 mcg. per kg. per
min. and 0.20 mcg. per kg. per min. Subsequent to com-
pletion of the study constant weighing and calculation er-
rors were discovered which necessitated correction to the
accurate dosage values.

5 Hexameton chloride, supplied through the courtesy
of Burroughs-Wellcome and Co.

jects were given a rapid intravenous injection of 400 mg.
of tetraethylammonium chloride 6 (TEAC) before and
again during the infusion.

Insulin hypoglycemia was induced in five subjects with
15 units of regular insulin intravenously after a one-hour
control period. Hypoglycemia was terminated with in-
travenous glucose 50 minutes later. Four blood samples
were obtained during the control period, and single sam-
ples at ten-minute intervals during the insulin period, and
at 15-minute intervals after glucose was begun. On a
subsequent day, insulin hypoglycemia was again in-
duced in the same subjects following the administration
of 100 mg. of hexamethonium intravenously during the
last ten minutes of the control period.

RESULTS

Striking differences in both the circulatory and
metabolic effects of epinephrine and nor-epineph-
rine were observed. Epinephrine produced an
increase in the pulse pressure accompanied by tachy-
cardia and T-wave changes in the electrocardio-
gram. These circulatory changes were accom-
panied by an increase in blood glucose and lactic
acid as summarized in Table I. Neither hexa-
methonium nor TEAC had any effect on either

6 Etamon chloride supplied by Parke, Davis and Com-
pany, through the courtesy of Dr. E. C. Vonder Heide.
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TABLE II

The effect of nor-epinephrine on blood lactic acid and blood glucose

Nor- Blood lactic acid Blood glucose
epinephrine Time after infusion started (min.) Time after infusion started (min.)

dosage
Subject mcg./kg./min. 0 15 30 45 60 75 0 15 30 45 60 75

J. H. .170 7.9 9.6 9.4 9.2 10.4 10.2 77 99 84 82 77 75
Al. M. .170 16.1 16.1 11.1 12.0 10.8 10.6 109 131 135 141 121 105
B. S. .170 21.3 14.7 10.2 9.8 9.3 9.3 103 119 127 122 111 99
J. B. .170 8.3 8.6 8.4 8.5 8.5 8.2 115 120 127 124 120 113

Mean 13.4 12.3 9.8 9.9 9.8 9.6 101 117 118 117 107 98
Mean rise -1.2 -3.6 -3.5 -3.6 -3.8 16 17 16 6 -3
S.E. 1.86 2.86 2.90 3.23 3.18 4.94 4.61 6.02 2.53 2.66
p <.6 <.3 <.4 <.4 <.4 <.05 <.05 <.1 <.1 <.4

the circulatory or metabolic changes induced by Epinephrine
infused epinephrine.inor-ed epinephrine. The effect of epinephrine on blood pressureNor-epinephrine produced a rise in both sys-

anpusrteieghsbjcsssow inFg
tolic and diastolic blood pressure, associated with and pulse rate in eight subjects is shown in Fig-
bradycardia. There was a slight rise in blood glu- ure 1. The infusion of .085 mcg. per kg. per min.
cose but no change in lactic acid (Table II). The resulted in a mean increase in systolic pressure of
effects of TEAC on the blood pressure changes 10 mm. Hg and a mean fall in diastolic pressure
induced by nor-epinephrine are presented in an- of 13 mm. Hg; the mean pulse rate rose from 84
other report (13). per minute to 97 per minute. Infusion of double

Circulatory and metabolic changes similar to this amount of epinephrine (.170 mcg. per kg. per
those which occurred during the infusion of epi- min.) produced a mean increase of 19 mm. Hg in
nephrine were observed during insulin hypogly- systolic pressure and a mean decrease of 12 mm.
cemia. These changes were prevented by hexa- Hg in diastolic pressure, with a rise in pulse rate
methonium, as shown in Table III. from 86 to 107 per minute. When the infusion

TABLE III

Effect of hexamethonium on response of blood lactic acid and blood glucose to insulin hypoglycemia

Blood lactic aci(l Blood glucose
mg. per 100 cc. mg. per 100 cc.

Time after insulin (min.) Time after insulin (min.)

Subject 0 10 20 30 40 50 65 80 0 10 20 30 40 50

Insulin 15 units I. V.
A. C. 14.8 12.6 15.8 17.7 25.3 29.9 27.1 24.9 123 105 71 53 47 62
J. S. 10.1 12.9 14.2 13.5 15.2 20.1 20.4 19.8 87 81 63 60 48 59
M. N. 15.2 13.8 17.1 16.4 16.6 20.7 19.0 17.0 97 79 47 35 33 39
R. J. 9.0 9.1 10.1 10.4 10.1 19.0 15.4 17.5 85 91 63 50 42 52
B. W. 8.4 10.5 9.2 10.0 11.7 13.7 13.2 15.2 87 93 73 47 34 48

Mean change at
indicated time +0.26 +1.77 +2.10 +4.29 +9.19 +7.51 +7.37 -6.0 -32.4 -46.8 -55.0 -43.8

Hexamethonium 100 mg. I. V. + insulin 15 units I. V.
A. C. 13.2 12.6 13.7 16.8 18.3 18.0 19.9 23.8 98 75 38 20 22 21
J. S. 15.1 13.7 12.5 12.6 13.3 18.5 16.8 17.6 91 81 48 37 32 31
M. N. 13.6 13.5 14.2 18.8 15.9 14.5 15.7 16.4 95 92 55 34 23 22
R. J. 12.0 12.4 17.8 19.5 13.1 16.1 12.7 14.8 92 90 69 55 46 43
B.W. 9.5 10.0 9.4 10.2 10.0 6.7 9.0 11.1 121 114 84 62 49 41

Mean change at
indicated time -0.25 +0.87 +2.90 +1.44 +2.09 +2.13 +4.08 -9.0 -40.6 -57.8 -65 -67.8

Mean diff. in
change with
andwithoutC6 +0.51 +0.90 -0.81 +2.84 +7.10 +5.38 +3.29 +3.0 +8.0 +11.0 +10.0 +24.0

S.E. 1.09 1.83 2.06 1.48 0.98 1.09 1.69 4.76 6.0 5.26 4.09 5.30
p <.7 <.7 <.8 <.2 <.01 <.01 <.2 <.6 <.3 <.2 <.1 <.02
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FIG. 1. THE MEAN- BLOODPRESSURE(MM. HG) AND PULSE RATE (PER
MINUTE) RESPONSESTO EPINEPHRINE IN EIGHT SUBJECTS WHORECEIVED
.085 MCG. PER KG. PER MIN. ONEDAY AND .170 MCG. PER KG. PER MIN. ON A

SUBSEQUENTDAY
The shaded area represents the infusion period.

was stopped, the blood pressure and pulse
promptly returned to control values.

The electrocardiograms taken on six subjects
during the infusion showed a decreased amplitude
of the T-waves in four and inversion of the
T-waves in two; the QT interval was prolonged
in five. These changes were more marked with
the larger dose, and disappeared in from thirty
to sixty minutes after the infusion was discon-
tinued.

The effects of epinephrine on blood glucose and
lactic acid are shown in Figure 2. The peak rise
in glucose occurred 45 minutes after the infusion
was started; a mean rise of 45 mg. per cent was
observed with .085 mcg. per kg. per min. and 59
mg. per cent with the larger dose. Comparisons
of the rise in glucose above individual control val-
ues at the two-dose levels show a significant dif-
ference at 45 and 60 minutes, indicating a dose
response relationship with respect to blood glucose.

The maximum rise in blood lactic acid occurred
ten minutes after the infusion of .085 mcg. per kg.
per min. of epinephrine was ended and five min-

utes before the infusion with the larger dose was
ended. The smaller dose produced a mean in-
crease of 9.8 mg. per cent above the control value,
while the large dose resulted in a mean increase
of 17.2 mg. per cent above the control value. The
differences between the elevations of lactic acid
obtained with the two doses of epinephrine are
statistically significant at the 15, 30, 45 and 60-
minute periods after the start of the infusion, and
suggest a dose response relationship with re-
spect to lactic acid.

Hexamethonium and TEAC had no effect on
the circulatory or metabolic effects of epinephrine.
In the three subjects who received hexamethonium
prior to the infusion, blood glucose (average) in-
creased 62 mg. per cent above the control level,
and blood lactic acid 10.8 mg. per cent. Similar
results were obtained in the three subjects who
received TEACbefore and during the infusion.

Nor-epinephrine

In Figure 3 are shown the mean changes in
blood pressure and pulse rate in the four sub-
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ects§ who received .170 zncg. per kg.: pert
pnor-epnephrine. The mean rise in syslicpres'-
sure was 38 mm. Hg and 26 mm. Hg rise in dia-

t--dk pressure. The pulse rate decreased from 83

to 63 per minute. Changes in the T-waves and
- QT nWtervals seen with epinephrine did not oc-

-_.ur. In one subject, nodal premature contractions
awpeared shortly after the infusion was begun but

isa;ppeared spontaneously after minutes of infu-
sion.

Within a few minutes after beginning an infu-

-fion-d .340 mcg. per kg. per min. of nor-epineph-
i ne in these subjects, the mean blood pressure
rose from a control level of 108/63 mm. Hg to

185/115 mm. Hg, an increase of 77 mm. systolic
and 52 mm. diastolic. Simultaneously, severe

htrobbing headache and a sense of tightness in the
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FIG. 2. MEANVALUES OF THE RESPONSEOF THE BLOOD GLUCOSEAND

LACTIC AcID DURING THE INFUSIONS OF EPINEPHENE IN THE EIGHT SUB-
JECTS SHOWNIN FIGURE 1

In addition mean glucose and- lactic acid responses during the infusion of

nor-epinephrine are pictured. Again the shaded areas represent the infu-

sion period.

chest developed, and the inf was distiued.
The blood pressure rapidly returned to normal,
although the headache persisted for as long as

thirty minutes.
The effects of .170 mcg. per kg. per min. of

nor-epinephrine on blood glucose and lactic acid
are also shown in Figure 2 and Table II. The
effects of the larger dose could not be evaluated
because the infusion was discontinued after only
a few minutes. A maximum mean increase in
blood glucose of only 17 mg. per cent above the
control value occurred 30 minutes after the infu-
sion was begun; this rise was not significant and
was only one-fourth that obtained with a similar
dose of epinephrine. Nor-epinephrine had no ef-
fect on the blood lactic acid in any of the four sub-
jects.
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The mean blood glucose and lactic
depicted in Figure 2.

Insiulin hypoglycemia

The circulatory changes which occurred during
insulin hypoglycemia and the effect of hexametho-
nium on these changes are shown in Figure 4.
Between 20 and 30 minutes after the administra-
tion of insulin, profuse sweating, hunger sensa-
tions and mild palpitation occurred in all sub-
jects; simultaneous with these symptoms, the sys-
tolic blood pressure began to rise, the diastolic be-
gan to fall, and the heart rate increased. The
T-wave in the electrocardiogram decreased in
amplitude or inverted. The maximum changes in
blood pressure and pulse were observed a few
minutes before glucose was given, and pulse in-
creased from 75 to 90 per minute. The circula-
tory changes and symptoms disappeared, rapidly
after the hypoglycemia was terminated; however,
the T-wave changes persisted for as long as one
hour.

During and following the intravenous adminis-
tration of hexamethonium, all subjects developed
signs of autonomic blockade as manifested by dry-
ness of the mouth. dilatation and fixation of the

acid responses in these subjects are

pupils to light, absence of sweating, and increase
in the pulse rate and a slight fall in blood pressure.
Following the administration of insulin and during
the hypoglycemic period the signs of autonomic
blockade were maintained. The blood pressure,
which continued to fall and reached its lowest level
at the time when widening of the pulse pressure
occurred with insulin alone, showed a mean maxi-
mumfall of 28 mm. Hg systolic and 20 mm. Hg
diastolic from the control level. There was no
further increase in pulse rate from that produced
by the hexamethonium. Changes in the electro-
cardiogram similar to those observed with insulin
alone also occurred. Hunger sensations were not
abolished but were milder.

In Figure 5 are shown the metabolic changes
which occurred during insulin hypoglycemia to-
gether with the effect of hexamethonium on these
changes. Following insulin alone, the mean glu-
cose level showed a steady fall during the first 40
minutes of the hypoglycemic period and then rose
spontaneously before intravenous glucose was
given. Blood lactic acid rose to 20.7 mg. per cent
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(a significant rise from the control value) at the
same time the spontaneous rise in glucose occurred.

After autonomic blockade with hexamethonium,
insulin produced a greater hypoglycemic effect.
During the last ten minutes of the insulin period,
the blood glucose continued to fall, in marked con-
trast to the spontaneous rise observed at this time
with insulin alone. Despite the further fall in
glucose, the mean maximum rise in lactic acid dur-
ing the hypoglycemic period was only 2.0 mg. per
cent above the control value. As shown in Table
III, individual variations in the lactic acid re-
sponses following blockade with hexamethonium
showed considerable latitude in comparison with
the changes in blood glucose, which were more
consistent.

Changes in blood glucose similar to those ob-
served in the present study with insulin alone and
insulin with hexamethonium have been reported
in man by Laurence and Stacey (14) and by
Schachter in dogs (15).
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DISCUSSION

In the first published report on the comparative
hemodynamic effects of epinephrine and nor-epi-
nephrine in man Goldenberg, Pines, Baldwin,
Greene, and Roh (6) demonstrated that the pres-
sor properties of these hormones result from dif-
ferent mechanisms. Epinephrine in doses suffi-
cient to affect the blood pressure causes overall
vasodilatation, a decrease in the peripheral re-
sistance, a striking increase in the cardiac output
and an increase in the heart rate due to direct
cardiac stimulation. As a result, the systolic blood
pressure becomes elevated but the diastolic pres-
sure remains unchanged or falls. In contrast, nor-
epinephrine causes overall vasoconstriction with
consequent increase in the peripheral resistance,
and no change in the cardiac output. Thus ele-
vation of both systolic and diastolic pressure oc-
curs. The heart rate is slowed by nor-epinephrine,
presumably because of increased vagal tone, since
the bradvcardia may be abolished by atropine.

-.0.- -- ""' --
- -.. -

0 0 10 20 30
TIME-MINUTES

40 50 60 70

FIG. 4. THE MEANBLOODPRESSUREAND PULSE RATE CHANGESWHICH
OCCURREDIN FIVE SUBJECTS DURING INSULIN HYPOGLYCEMIAARE DEPICTED
ON THE UPPER PORTION OF THE FIGURE. IN THE LOWERPORTION ARE THE
CHANGESOBSERVEDIN THESE SAME SUBJECTS WHENTHE SAME DOSE OF
INSULIN (15 UNITS) WASPRECEDEDBY AUTONOMICBLOCKADEWITH HEXA-
METHONIUM(100 MG. INTRAVENOUSLY)

The shaded "insulin" areas indicate the period from injection of insulin
to the termination of hypoglycemia by the administration of glucose.
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Note that after hexamethonium the hypoglycemic effect was greater, the
blood glucose failed to rise at 50 minutes and the blood lactic acid rise was

inhibited.

Electrocardiographic changes similar to those
observed with epinephrine in this study have been
reported by other investigators (16, 17) and may

be related to changes in serum potassium or to the
effects of this hormone on the myocardium (18,
19).

The circulatory and metabolic changes produced
by infused epinephrine are quite similar to those
observed here during insulin hypoglycemia, sug-

gesting that adrenal medullary secretion of epi-
nephrine is stimulated during hypoglycemia in

man. Rise of the blood lactic acid and spontaneous
recovery of the blood sugar curve are thereby ac-

counted for on the basis of an induced epinephri-
nemia. The release of epinephrine in significant
amounts from the adrenal medulla appears to be
related to the degree of hypoglycemia. To judge
from the blood lactic acid responses here pre-

sented, the secretion of epinephrine has begun
when the blood glucose concentration reaches
levels of approximately 50 mg. per cent.

In the rat, mild insulin hypoglycemia does not
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affect the blood lactic acid; however, there is a
very definite increase during moderate or severe
hypoglycemia. In the adrenal demedullated rat,
lactic acid does not increase during hypoglycemia
and the degree of hypoglycemiiia produced by a
given dose of insulin is greater than in the in-
tact animal (10). Although the blood glucose
level ultimately recovers, the recovery period is
considerably prolonged in comparison with that
of the intact animal. Quantitatively, the changes
which occurred during insulin hypoglycemia in
the subjects in the present study were approxi-
mately the same as those observed during the first
fifteen minutes of the intravenous administration
of .170 mcg. per kg. per min. of epinephrine (Fig-
ures 2 and 5).

Both hexamethonium and TEAC block trans-
mission through autonomic ganglia. Hexametho-
nium was given before insulin because the block-
ade persists for well over one hour, whereas that
produced by TEAC is much shorter in duration.
The prevention by hexamethoniulmi of the epi-
nephrine-like changes induced by insulin hypo-
glycemia may be interpreted as indicating inhibi-
tion of adrenal medullary secretion of epinephrine.
since neither hexamethonium nor TEAC af-
fected the responses to administered epinephrine.
The most likely site of block is the medulla itself.
since it may be considered a moidified ganglion
and is supplied by pre-ganglionic fibers.

Billington, Paton, Reynolds. and Sherlock (20)
in similar studies used initramuiiiscular hexametho-
nium bromide (1 mg. per Kg.) and intravenous in-
sulin (0.1 unit per kg.) given simtultaneously.
They were unable to prevent arterial lactic aci-
demia and did not observe either enhancement of
hypoglycemia or failure of spontaneous recovery
of the blood sugar. However, they did note inhi-
bition of the expected rise in hepatic glucose out-
put and splanchnic oxygen consumption and
thereby postulated a partial block of epinephrine
release by hexamethonium. It appears likely that
the smaller dose of hexamethonium they employed
or slower absorption from the intramuscular in-
jection (whereas insulin was given intravenously
at the same time) produced an incomplete block
or allowed epinephrine to be released from the
adrenal medulla before effective hexamethonium
blockade was achieved.

The similarity of the electrocardiographic
changes following insulin alone and insulin pre-
ceded by hexamethonium are of interest. The
fact that these changes were not affected following
hexamethonium despite the prevention of other
changes (luring hypoglycemia suggests that epi-
nephrine was not responsible and that some other
mechanism may be involved.

The release of epinephrine by the adrenal me-
dulla as an immediate or emergency response to
moderate or severe hypoglycemia in man seems
demonstrated by our data. The further fall in
blood glucose and inhibition of the lactic acid re-
sponse by hexamethonium indicate that this emer-
gency response was prevented by blockade of the
adrenal medulla. It is probable that ultimate re-
coverv of the blood glucose level by other mecha-
nisms would have occurred had the hypoglycemia
not been terminated. It has been suggested that
one such mechanism may be a direct glycogenolytic
response of the liver to hypoglycemia (21) this
may be the major factor which determines spon-
taneous recovery of the glucose level (22).

The observation that the blood lactic acid levels
rise in response to epinephrine but are not influ-
enced by nor-epinephrine may be of aid in evalu-
ating the relative amount of epinephrine produc-
tion b1 pheochromocytomas.

SUMNIMARYANDCONCLUSIONS

1. A comparative study of the effects of epi-
nephrine and nor-epinephrine on the blood pres-
sure, pulse rate, electrocardiogram, blood glucose
and lactic acid is presented.

2. Epinephrine influences the circulation
mainly through its cardiac effects, while nor-
epinephrine acts mainly on the peripheral vessels.

3. Epinephrine induces a significant rise in
blood glucose and lactic acid while nor-epinephrine
does not affect these significantly.

4. The reported circulatory and metabolic
changes induced by insulin hypoglycemia are
qualitatively similar to these seen with the ad-
ministration of epinephrine.

5. Whereas the circulatory and metabolic ef-
fects of administered epinephrine are not influ-
enced by ganglionic blockade of the autonomic
nervous system with hexamethonium or TEAC,
these same effects are prevented by hexametho-
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nium followed by insulin hypoglycemia, suggest-
ing that the main pharmacologic action of these
agents on the adrenal medulla is a blocking one.

6. The electrocardiographic effects induced by
epinephrine, nor-epinephrine and insulin hypo-
glycemia are presented.

7. Blood lactic acid levels may be of aid in rec-
ognizing the presence of pheochromocytomas
which produce mainly epinephrine.

REFERENCES
1. von Euler, U. S., Identification of the sympathomi-

metic ergone in adrenergic nerves of cattle (sym-
pathin N) with levo-noradrenalin. Acta physiol.
Scandinav., 1948, 16, 63.

2. Goldenberg, M., Faber, M., Alston, E. J., and
Chargaff, E. C., Evidence for the occurrence of
nor-epinephrine in the adrenal medulla. Science,
1949, 109, 534.

3. Tullar, B. F., The separation of 1-arterenol from nat-
ural U.S.P. epinephrine. Science, 1949, 109, 536.

4. Auerbach, M. E., and Angell, E., The determination
of arterenol in epinephrine. Science, 1949, 109,
537.

5. Goldenberg, M., Serlin, I., Edwards, T., and Rap-
port, M. M., Chemical screening methods for the
diagnosis of pheochromocytoma. I. Nor-epineph-
rine and epinephrine in human urine. Am. J. Med.,
1954, 16, 310.

6. Goldenberg, M., Pines, K. L., Baldwin, E., Greene,
D. G., and Roh, C. E., The hemodynamic response
of man to nor-epinephrine and epinephrine and its
relation to the problem of hypertension. Am. J.
Med., 1948, 5, 792.

7. Holtz, P., Schumann, H. J., Langenbeck, W., and Le
Blanc, H., t'ber das Vorkommen von Arterenol in
den Nebennieren. Naturwiss, 1948, 35, 191.

8. Cannon, W. B., McIver, M. A., and Bliss, S. W.,
Studies on the conditions of activity in endocrine
glands. XIII. A sympathetic and adrenal mecha-
nism for mobilizing sugar in hypoglycemia. Am.
J. Physiol., 1924, 69, 46.

9. von Euler, U. S., and Luft, R., Effect of insulin
on urinary excretion of adrenalin and noradrenalin.

Studies in ten healthy subjects and in six cases of
acromegaly. Metabolism, 1952, 1, 528.

10. Bloom, W. L., and Russell, J. A., To be published.
11. Nelson, N., A photometric adaptation of the Somogyi

method for the determination of glucose. J. Biol.
Chem., 1944, 153, 375.

12. Hawk, P. B., Oser, B. L., and Summerson, W. H.,
Practical Physiological Chemistry, 12th ed. Phila-
delphia, The Blakiston Co., 1947.

13. Brust, A. A., DiSalvo, R. J., Evan, J. D., and Ferris,
E. B., The effect of tetraethylammonium chloride
on the pressor response to epinephrine and nor-
epinephrine. In preparation for publication.

14. Laurence, D. R., and Stacey, R. S., Effect of hexa-
methonium on the response to insulin in animals
and man. Brit. J. Pharmacol., 1952, 7, 255.

15. Schachter, M., Hexamethonium and insulin hypo-
glycaemia. J. Physiol., 1951, 115, 206.

16. Clough, H. D., Studies on epinephrine. III. Effect of
epinephrine on the electrocardiograms of patients
with "irritable heart." Arch. Int. Med., 1919, 24.
284.

17. Katz, L. N., Hamburger, W. W., and Lev, M., The
diagnostic value of epinephrine in angina pectoris.
Am. Heart J., 1932, 7, 371.

18. Parrish, A. E., Sugar, S. J. N., and Fazekas, J. F.,
A relationship between electrocardiographic changes
and hypokalemia in insulin-induced hypoglycemia.
Am. Heart J., 1952, 43, 815.

19. Raab, W. R., Hormonal and Neurogenic Cardiovascu-
lar Disorders; Endocrine and Neuro-endocrine Fac-
tors in Pathogenesis and Treatment. Baltimore,
Williams and Wilkins Company, 1953.

20. Billington, B. P., Paton, A., Reynolds, T. B., and
Sherlock, S., The effect of hexamethonium bro-
mide on the circulatory and metabolic response to
insulin hypoglycemia in man. J. Lab. & Clin. Med.,
1954, 43, 880.

21. Lazarus, S. S., and Volk, B. W., Studies on hypo-
glycemia responsiveness. Metabolism, 1953, 2, 500.

22. Engel, F. L., and Scott, J. L., The insulin-glucose
tolerance test. A modified procedure for the de-
tection of hypoglycemia unresponsiveness in pitui-
tary and adrenal insufficiency. J. Clin. Invest.,
1950, 29, 151.

577


