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Nor-epinephrine, a pressor amine known to ex-
ist normally in the mammalian body, is identical
with epinephrine except for the absence of a methyl
group in its chemical structure. Since methyla-
tion occurs readily in the body, it has been sug-
gested that nor-epinephrine functions chiefly as
a precursor to epinephrine (1-5). Nevertheless,
it possesses potent pharmacologic properties which
differ in many respects from those of epinephrine
(6-9). Epinephrine raises systolic blood pressure,
increases cardiac output and accelerates the heart
rate; it constricts blood vessels in certain areas of
the circulatory bed, dilates them in others, with
an over-all effect of dilatation and a decrease in total
peripheral vascular resistance. Nor-epinephrine
increases systolic and diastolic blood pressure, has
little or no effect on cardiac output and decreases
cardiac rate. It constricts blood vessels in all areas
of the circulation in which its effect has been
studied.

Little is known, however, of the effects of nor-
epinephrine and epinephrine upon the cerebral
circulation in man. A clear understanding of their
effects on this important segment of the circula-
tion should provide information bearing on a num-
ber of physiologic, pathologic, and therapeutic
questions. Because of the similarity of the hemo-
dynamic changes in essential hypertension to those
induced experimentally by the administration of
l-nor-epinephrine, it has been suggested that i-nor-
epinephrine may play an important role in the
pathogenesis of essential hypertension (6). A
measure of support for this hypothesis would be
gained if nor-epinephrine-induced hypertension

1 Reviewed in the Veterans Administration and published
with the approval of the Chief Medical Director. The
statements and conclusions published by the authors are
the result of their own study and do not necessarily reflect
the opinion or policy of the Veterans Administration.

could be shown to be associated with changes in
the cerebral circulation similar to those accompany-
ing essential hypertension. If, on the other hand,
I-nor-epinephrine affects the cerebral circulation
in some unique or distinctive way, this information
might be of some value in the clinical recognition
and detection of certain hypertensive states associ-
ated with abnormally high concentrations of i-nor-
epinephrine in the adrenal gland, i.e., pheochromo-
cytoma (10, 11). Furthermore, nor-epinephrine
has been employed therapeutically as a pressor
agent in a variety of conditions characterized by
acute hypotension including operative, hemor-
rhagic, and traumatic shock; to maintain blood
pressure after thoracolumbar sympathectomy;
and in the circulatory collapse that may accompany
acute myocardial infarction (12, 13). A clear
understanding of its effect on the cerebral cir-
culation would be essential to a proper assess-
ment of its over-all therapeutic value in these con-
ditions. Obviously, if the increase in systemic
arterial blood pressure is accompanied by a dis-
proportionate increase in cerebral vascular re-
sistance, a further reduction in blood flow to the
brain would ensue. Such an effect would, no
doubt, detract from its usefulness in the treatment
of these hypotensive states.

This report deals with studies made to deter-
mine the effect of l-nor-epinephrine, and I-epineph-
rine on the cerebral circulation in normal, healthy
males. Since U.S.P. epinephrine has been shown
to contain significant amounts of i-nor-epinephrine
(14, 15), it was necessary to determine the effect
of both U.S.P. epinephrine and uncontaminated
synthetic I-epinephrine.

METYHOD

The cerebral blood flow (CBF) was determined by the
nitrous oxide method of Kety and Schmidt (16), as modi-
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TABLE I

The effect of 1-nor-epinephrine on cerebral circulatory functions

CBF CVR CMR Os MABP
cc./min./100 gms. mm. Hgfcc./min./100 gms. cc./min./100 gms. mm. HgDosage

Subject Age pg. Control Exper. Control Exper. Control Exper. Control Exper.

H. W. 29 1,000 54 49 1.35 2.02 4.28 4.35 73 99
A. R. H. 21 1,000 58 45 1.36 2.00 4.80 4.22 79 90
H.L. B. 27 1,400 61 52 1.44 2.09 4.10 5.16 88 109
W. C. C. 40 1,000 67 54 1.10 1.94 4.11 4.16 74 105
C. W. 26 800 42 33 1.90 3.06 3.02 2.86 80 101
A. M. M. 33 800 83 51 0.81 1.86 4.43 3.85 67 99
R. B. 23 800 50 34 1.72 3.09 4.02 2.96 86 105
W. L. P. 32 1,000 45 43 1.46 1.95 2.98 2.85 66 84
J. F. C. 27 1,000 60 43 1.15 2.58 3.68 3.07 69 111
R. H. H. 23 1,000 62 57 1.16 1.77 3.81 4.78 72 101
J. W. B. 21 700 83 56 0.96 1.64 4.93 3.84 80 92
G. D. 36 800 68 54 1.16 1.83 4.07 3.47 79 99
R. A. P. 24 800 63 59 1.11 1.47 3.91 3.85 70 86

Mean 28 61 48* 1.28 2.10* 4.01 3.80 76 99*
S.D. 11.94 8.05 .28 .48 .55 .71 6.73 8.07
S.E. 3.44 2.32 .08 .13 .15 .20 1.94 2.33
P value <0.01 <0.01 >0.20 <0.01

* Indicates statistically significant change.

fied by Scheinberg and Stead (17). The cerebral oxygen flows were measured in the morning with the subject
consumption (CMRo,) was calculated from the CBF and fasting and in the recumbent position. Immediately fol-
the arterio-cerebral venous oxygen difference. The cere- lowing a control determination, l-nor-epinephrine, syn-
bral vascular resistance (CVR) was calculated from the thetic l-epinephrine,2 or U.S.P. epinephrine in oil was ad-
CBF and the mean arterial blood pressure, which was ministered intramuscularly in amounts varying from
measured directly in a peripheral artery, usually the fem- 600 ug. to 1,400 iAg. Fifteen or twenty minutes later, when
oral, with a damped mercury manometer. Arterial
and cerebral venous blood samples were drawn simul- 2Generous quantities of l-nor-epinephrine (Levophen)
taneously immediately before each blood flow determina- and l-epinephrine (Suprarenin) were supplied by Ken-
tion. Blood oxygen and carbon dioxide content were neth M. Smoot, Dept. of Medical Research, Winthrop-
determined manometrically (18). The cerebral blood Stearns, Inc.

TABLE II

The effect of l-nor-epinephrine on arterial and cerebral venous blood constituents

Arterial blood Internal jugular venous blood
Oxygen extraction

C02 content 0s content CC) content 02 content A-V 0 ratio
Di. % wol. % Vol. % ol. % Vol. % ER 02,%

Dosage
Subject Age Pg. Control Exper. Control Exper. Control Exper. Control Exper. Control Exper. Control Exper.

H. W. 29 1,000 42.23 40.13 20.07 20.94 49.63 48.81 12.15 12.07 7.92 8.87 39 42
A. R. H. 21 1.000 44.50 42.54 22.72 22.75 52.13 51.10 14.44 13.38 8.28 9.37 36 41
H. L. B. 27 1,400 45.48 39.13 20.38 22.37 51.31 48.73 13.58 12.43 6.80 9.94 33 44
W. C. C. 40 1,000 46.10 44.39 17.60 19.16 52.86 53.76 11.46 11.44 6.14 7.72 35 40
C. W. 26 800 44.91 43.39 21.25 21.82 51.68 51.37 14.05 13.14 7.20 8.68 34 40
A. M. M. 33 800 46.95 43.78 18.13 19.14 51.05 51.10 12.79 11.59 5.34 7.55 29 39
R. B. 23 800 49.26 48.09 20.38 20.74 56.96 56.99 12.34 12.01 8.04 8.73 39 42
W. L. P. 32 1,000 49.10 46.22 18.69 19.65 55.47 54.00 12.06 12.43 6.63 7.22 35 37
J. F. C. 27 1,000 47.94 45.45 17.97 19.17 53.38 51.69 11.84 12.02 6.13 7.15 34 37
R. H. H. 23 1,000 51.88 47.94 19.16 20.26 53.40 55.67 13.00 11.87 6.16 8.39 32 41
J. W. B. 21 700 51.41 48.50 18.94 19.54 55.54 55.08 14.15 12.69 4.79 6.85 25 35
G. D. 36 800 48.85 48.82 18.67 19.08 54.24 54.76 12.68 12.66 5.99 6.42 32 34
R. A. P. 24 800 47.86 46.95 18.36 18.36 53.07 53.45 12.15 11.82 6.21 6.54 34 36

Mean 28 47.42 45.03* 19.41 20.23* 53.13 52.81 12.82 12.27* 6.59 7.96* 34 39*
S.D. 2.66 3.02 1.41 1.33 1.96 2.46 .92 .55 1.00 1.07 3.62 2.92
S.E. .76 .87 .40 .38 .56 .71 .26 .16 .28 .31 1.04 .84
P value <0.01 <0.01 >0.30 <0.01 <0.01 <0.01

* Indicates statistically significant change.
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TABLE III

The effect of synthetic l-epinephrine on cerebral circulatory functions

CBF CVR CMR 02 MABP
cc./min./100 gms. mm. Hgfcc.fmin.f100 gms. cc./min./100 gms. mm. Hg

Dosage
Subject Age pg. Control Exper. Control Exper. Control Exper. Control Exper.

B. G. T. 25 1,000 43 45 1.76 1.66 4.20 3.61 76 75
J. W. F. 27 1,000 57 64 1.33 1.07 3.82 4.34 76 69
E. B. 29 600 60 59 1.27 1.24 3.77 4.08 76 73
M. L. A. 33 1,000 50 56 1.62 1.32 3.84 4.35 81 74
J. E. B. 33 800 68 67 1.04 0.95 5.20 4.95 71 66
J. L. P. 27 1,400 49 49 1.31 1.27 4.01 64 62
B. W. M. 28 1,000 68 54 1.04 1.22 3.82 2.42 71 66
T. R. E. 33 1,000 68 58 1.07 1.24 4.09 3.34 73 72
J. W. N. 28 1,000 68 76 1.10 0.88 4.39 5.02 75 68
E. R. B. 32 1,000 60 54 1.32 1.35 4.57 3.77 79 73
C. E. B. 30 1,400 69 69 1.23 1.13 3.80 4.28 85 78
E.L.M. 35 1,200 40 38 1.70 1.60 2.68 2.56 68 61
J. M. H. 22 1,000 98 97 0.72 0.69 4.51 4.37 71 67
I. W. 23 600 95 78 0.65 0.78 5.28 4.18 62 61
E. L. 24 1,200 95 79 0.87 1.01 4.40 5.79 83 80

Mean 29 66 63 1.20 1.16 4.16 4.08 74 70*
S.D. 17.57 14.73 .31 .26 .60 .87 6.30 5.76
S.E. 4.69 3.93 .08 .07 .16 .24 1.68 1.54
P value >0.10 >0.30 >0.50 <0.01

* Indicates statistically significant change.

the blood pressure had become stabilized, the cerebral lized at an essentially constant level for an additional 10 to
blood flow measurement was repeated. Previous experi- 20 minutes, and then gradually returns to normal. The
ence with the intramuscular administration of l-nor-epi- second cerebral blood flow in each case was measured
nephrine had shown that a consistent pressor response during the stable plateau period. The mean of four blood
occurs when the site of injection is massaged immediately pressure measurements made immediately preceding and
after the administration of the drug. The blood pres- four made immediately following the blood flow determina-
sure gradually rises for 15 to 20 minutes, becomes stabi- tion was used as the mean arterial pressure during the

TABLE IV

The effect of synthetic l-epinephrine on arterial and cerebral venous blood constituents

Arterial blood Internal jugular venous blood
Oxyrgen extraction

COg content 0s content C02 content 02 content A-V 02 ratio
oi.% Vol. % Vol. Vol. % Vol. % ER 02, %

Dosage
Subject Age pg. Control Exper. Control Exper. Control Exper. Control Exper. Control Exper. Control Exper.

B.G.T.
J.W.F.
E. B.
M.L.A.
J.E.B.
J.L.P.
B. W. M.
T. R. E.
J. W. N.
E. R. B.
C. E. B.
E.L. M.
J. M. H.
I.W.
E. L.

Mean
S.D.
S.E.
P value

25 1,000
27 1,000
29 600
33 1,000
33 800
27 1,400
28 1,000
33 1,000
28 1,000
32 1,000
30 1,400
35 1,200
22 1,000
23 600
24 1,200

29

44.20
43.59
47.23
47.73
45.31
47.18
46.20
43.34
49.30
46.33
48.46
44.37
47.21
48.25
42.54

45.35
41.27
46.77
47.81
46.19

45.52
46.01
50.10
46.27
47.50
43.16
48.35
49.58
42.28

46.08 46.15
2.01 2.47
.53 .68

>0.50

21.80
18.35
18.15
20.09
21.15
21.27
20.31
17.95
18.01
20.98
17.26
15.50
17.73
17.72
17.85

21.72
18.53
18.42
19.72
21.46

20.57
17.95
17.88
21.01
17.52
16.25
17.69
17.89
18.22

18.94 18.92
1.77 1.61
.47 .44

>0.05

53.23
49.73
52.73
55.05
52.66
55.49
51.10
49.48
55.64
53.43
53.89
50.79
52.11
53.12
47.59

53.25
48.26
53.76
55.70
53.59

50.87
51.12
56.44
53.18
53.80
49.50
53.44
55.18
50.17

52.40 52.73
2.23 2.32
.59 .64

>0.10

12.03
11.65
11.87
12.40
13.50
13.07
14.68
11.93
11.54
13.36
11.75
8.80

12.92
12.16
13.21

13.69
11.75
11.51
11.95
13.77

16.08
12.19
11.28
14.03
11.31
9.50
13.19
12.52
10.89

12.32 12.40
1.26 1.58
.33 .43

>0.50

9.77
6.70
6.28
7.69
7.65
8.20
5.63
6.02
6.47
7.62
5.51
6.70
4.81
5.56
4.64

8.03
6.78
6.91
7.77
7.69

4.49
5.76
6.60
6.98
6.21
6.75
4.50
5.37
7.33

6.62 6.51
1.33 1.08
.35 .30

>0.50

45 37
37 37
35 38
38 39
36 36
38
28 22
34 32
36 37
36 33
32 35
43 42
27 25
31 30
26 40

35 35
5.22 5.47
1.39 1.51

>0.50

* Indicates statistically significant change.
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TABLE V

The effect of U.S.P. epinephrine on cerebral circulatory functions

Doe
Age pg.

36 800
39 1,000
30 800
38 800
34 1,200
32 1,200
30 1,000
31 1,000
28 1,000
41 1,000
25 1,000
34 1,000
25 1,000

33

CBF
cc./min./100 gms.

Control Exper.

79 59
42 50
58 61
69 51
97 84
67 69
80 84
85 94
71 63
76 73
69 64
50 49
82 73

71 67
14.24 13.52
4.11 3.90

>0.10

* Indicates statistically significant change.

procedure. Blood pressure values before and after meas-
urement of CBF did not vary more than a few millimeters
in any case.

RESULTS

i-Nor-epinephrine. The data (Tables I and II)
indicate that l-nor-epinephrine is a potent cerebral
vasoconstrictor. The disproportionate increase (64
per cent) in calculated mean CVR (p = < 0.01)

above MABP (31 per cent), eventuates in a 21
per cent reduction in CBF (p = < .01). Never-
theless, the CMRO, is unaffected because the fall in
CBF is compensated by an increase in the oxygen
extraction ratio (34 to 39 per cent) and in mean
arterio-cerebral venous oxygen difference (6.59
vol. per cent to 7.96 vol. per cent) (p = <.01).
The increase in A-V oxygen difference is the re-

TABLE VI

The effect of U.S.P. epinephrine on arterial and cerebral venous blood constituents

Subject Age

C.E.L. 36
J.B.H. 39
.C.H. 30k E.C. 38
W.M.J. 34
J.J. 32
R.A.A. 30
E.F.J. 31
E.L.C. 28
N.G.W. 41
J.M.M. 25
A.A.B. 34
C.D.D. 25

CO2 content
VaI. %

Control Exper.

47.37 46.24
47.75 49.48
46.74 47.50
47.83 48.73
48.17 49.68
39.38 40.27
52.10 50.54
47.39 48.55
44.16 46.91
48.32 49.09
48.46 49.00
46.75 46.90

48.03

02 content
vo. %

Control Exper.

17.93 18.63
18.80 18.46
17.03 16.71
20.36 20.38
17.85 17.70
15.65 15.67
18.38 20.02
20.00 19.95
16.34 15.37
16.75 16.32
16.68 16.63
20.23 20.13

21.10

Internal jugular venous blood

COh content
Sol. %

Control Exper.

53.77 52.73
54.77 56.06
51.88 53.72
55.93 56.45
53.62 55.34
45.74 45.53
56.75 56.55
54.02 54.40
51.20 52.60
54.80 56.00
54.49 55.93
53.77 54.46

53.82

53.40 54.12*
2.72 2.79
.82 .80

<0.02

02 content
Ml. %

Control Exper.

11.88 11.91
12.30 11.71
12.01 10.84
12.47 12.30
12.62 12.82
9.78 10.56
13.67 13.60
13.79 14.00
9.94 9.69

10.71 10.28
10.84 10.10
13.03 13.48

14.70

11.92 12.00
1.28 1.57
.38 .45

>0.30

A-V 02
Vol. %

Control Exper.

6.05 6.72
6.50 6.75
5.02 5.87
7.89 8.08
5.23 4.88
5.87 5.11
4.71 6.42
6.21 5.95
6.40 5.68
6.04 6.04
5.84 6.53
7.23 6.65

6.40

6.08 6.24
.85 .77
.25 .22

>0.50

Oxygen extraction
ratio

ER Os, %
Control Exper.

34 36
35 37
29 35
39 40
29 28
38 33
26 32
31 30
39 37
36 37
35 39
36 33

30

34 34
4.07 3.58
1.22 1.03

>0.40

* Indicates statistically significant change.

CVR
mm. Hg/cc./min./100 gms.

Control Exper.Subject

C. E. L.
J. B. H.
JC.H.
B E. C.
W. M. J.
J. J.
R. A. A.
E. F. J.
E. L. C.
N. G. W.
J. M. M.
A. A. B.
C. D. D.

Mean
S.D.
S.E.
P value

0.89
1.83
1.28
1.04
0.76
1.00
1.01
0.99
0.95
1.09
1.28
1.74
0.96

1.20
1.34
1.05
1.43
0.82
0.90
0.88
0.84
1.00
0.99
1.28
1.69
1.05

CMR 02
cc./min./loo gms.
Control Exper.

4.78 4.52
2.73 3.38
2.91 3.58
5.44 4.12
5.07 4.10
3.93 3.53
3.76 5.39
5.28 5.59
4.54 3.57
4.59 4.41
4.02 4.18
3.62 3.26

4.67

4.22 4.18
.84 .70
.25 .20

>0.50

MABP
mm. Hg

Control Exper.

70 71
77 67
74 64
72 73
74 69
67 62
81 74
84 79
68 64
83 72
89 92
87 83
79 77

77 73*
6.91 8.10
1.99 2.33

<0.01

1.14 1.11
.30 .25
.08 .07

>0.50

Arterial blood

Dosage
p.

800
1,000
800
800

1,200
1,200
1,000
1,000
1,000
1,000
1,000
1,000
1,000

33Mean
S.D.
S.E.
P value

47.04
2.87
.86

47.76
2.46
.71

>0.05

18.00 18.24
1.52 1.88
.45 .54

>0.50
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sult of a significant increase in arterial 02 con-
tent (19.41 vol. per cent to 20.23 vol. per cent) and
a decrease in cerebral venous oxygen content
(12.82 vol. per cent to 12.27 vol. per cent). Mean
arterial CO2 content decreased significantly (47.42
vol. per cent to 45.03 vol. per cent) apparently as
a result of mild hyperventilation.

Synthetic l-epinephrine. In contrast to i-nor-
epinephrine, this substance had no significant ef-
fect on mean cerebral hemodynamics or metabolism
(Table III); nor were any changes in blood gases
noted (Table IV). The only change of signifi-
cance was a small but consistent reduction in
MABP from 74 mm. Hg to 70 mm. Hg (p= <
0.01).
U.SP. epinephrine. The results of studies made

with U.S.P. epinephrine are listed in Table V and
Table VI. With one exception they are identical
with the findings in the synthetic epinephrine se-
ries, i.e., a slight but significant reduction in
MABP (77 mm. Hg to 73 mm. Hg; P = < .01)
without changes in CBF, CVR, CMRo0, arterial
or venous oxygen content. With both synthetic
and U.S.P. epinephrine there was an increase in
mean cerebral venous CO2 content which on
statistical analysis proved to be of significance
only with U.S.P. epinephrine.

DISCUSSION

These experiments demonstrate that the ad-
ministration of l-nor-epinephrine results in power-
ful cerebral vasoconstriction in normal healthy
males. The increase in cerebral vascular resist-
ance induced by this substance exceeds the ac-
companying increase in perfusion pressure; as a
consequence, the blood flow to the brain is dimin-
ished. This decrease in CBF, however, does not
eventuate in a reduction in cerebral oxygen con-
sumption because of the compensatory increase in
the extraction of oxygen from arterial blood by
the brain, i.e., the arterio-cerebral venous oxygen
difference increases.
The increase in cerebral vascular resistance is

most likely due to a direct vasoconstricting effect
of l-nor-epinephrine upon cerebral vessels. How-
ever, this vasoconstricting action could be aug-
mented by changes in 02 tension, CO2 tension or
pH of the arterial blood (19). King, Sokoloff,
and Wechsler (20) have shown that the intra-

venous infusion of l-nor-epinephrine is not ac-
companied by a change in pH of the blood. How-
ever, a rise in arterial oxygen content and a fall
in arterial carbon dioxide content occurs when
the drug is administered by either the intramus-
cular or intravenous route. These changes in blood
gases are attributed to the mild hyperventilation
that was observed in most of the subjects. How-
ever, they are not of sufficient magnitude to ac-
count for the marked increase in cerebral vascular
resistance and could contribute only in a small
way, if at all, to the total increase in cerebral vas-
cular resistance (19). It seems very unlikely that
reduced arterial CO2 tension is causally related to
the cerebral vasoconstriction induced by i-nor-
epinephrine although it is possible that slight
changes in blood CO2 tension incident to hyper-
ventilation might tend to augment the direct vaso-
constricting effect of the drug. There is the fur-
ther possibility that acute hypertension resulting
from the administration of l-nor-epinephrine may
be associated with an increase in intracranial pres-
sure, and in this way further augment the resist-
ance to blood flow in the brain.
These studies disclosed a striking difference be-

tween the cerebral circulation in essential hyper-
tension and the acute hypertension induced by
i-nor-epinephrine. In the former there are parallel
increases in cerebral vascular resistance and blood
pressure; the CBF, therefore, remains unaltered
(21). In the latter, the augmentation of CVR is
out of proportion to the increase in blood pressure;
the blood flow is reduced. This does not, how-
ever, constitute strong evidence against the sug-
gestion that i-nor-epinephrine may be involved in
the pathogenesis of essential hypertexiion, since
the hypertension noted in this study was acute
and the state of the cerebral circulation under
these circumstances not necessarily comparable
to that in chronic essential hypertension. Fur-
thermore, there is the possibility, indicated above,
that indirect and secondary factors not present in
essential hypertension may augment the increase
in cerebral vascular resistance consequent to the
acute administration of i-nor-epinephrine.
The demonstration that the pressor response of

i-nor-epinephrine is accompanied by a reduction
in cerebral blood flow in normotensive subjects
suggests that this drug should be used with cau-
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tion as a therapeutic agent in acute hypotensive
states when a reduction in blood flow to the brain
may not be desirable.

Other vital segments of the circulation have
been shown to be similarly affected by the adminis-
tration of this substance. Renal and hepatic blood
flow are diminished and calculated renal and
splanchnic vascular resistance increased during
the administration of nor-epinephrine (22-25).
Until it can be shown that the cerebral, as well as
the renal and hepatic, circulations in patients with
acute hypotension respond differently to I-nor-
epinephrine than in normotensive subjects, its use
here should be considered potentially harmful.
These studies with epinephrine confirm the

previous assumption that the quantities of nor-
epinephrine present in U.S.P. epinephrine do not
alter the effect of the latter (5), and they demon-
strate yet another difference in the hemodynamic
effects of nor-epinephrine and epinephrine. The
intramuscular administration of epinephrine leads
to a slight reduction in mean arterial blood pressure
but does not alter cerebral vascular resistance,
cerebral blood flow or cerebral oxygen consump-
tion. These findings are in disagreement with
those of King, Sokoloff, and Wechsler (20) who
found that the intravenous infusion of epinephrine
was accompanied by an increase in blood pressure,
cerebral blood flow and cerebral oxygen consump-
tion; cerebral vascular resistance was not changed.
The differences in blood flow and blood pressure
responses can be adequately accounted for by the
difference in mode of administration of epinephrine
in the two studies. Our experimental blood flows
were determined 25 to 30 minutes after the in-
tramuscular administration of epinephrine when
there were clear-cut clinical manifestations of its
effect such as tremulousness, tachycardia, palpi-
tation, pallor, excitement, and apprehension; no
special attempt was made to produce a pressor re-
sponse in the subjects. In the studies of King,
Sokoloff, and Wechsler (20) epinephrine was
administered by intravenous infusion, the rate of
which was adjusted to provide a pressor response
before the experimental studies were done. The
concentration of circulating epinephrine obtained
as a result of the slow absorption from an intra-
muscular deposit of epinephrine in oil was no doubt
inadequate to cause an increase in cardiac output of

sufficient magnitude to overcome the over-all vaso-
dilating effect of epinephrine. Since epinephrine
by either route of administration does not alter
cerebral vascular resistance, its effect upon the
blood flow to the brain will depend directly upon
its effect upon blood pressure.
The results of the two studies regarding cerebral

oxygen utilization, however, cannot be attributed
to the difference in mode of administration. Ex-
citement, apprehension, palpitation, tremulousness,
pallor, etc., occurred in most of the subjects after
the intramuscular administration of I-epinephrine
and U.S.P. epinephrine, and in many instances
these manifestations were quite prominent. Cere-
bral oxygen consumption, however, was unaffected
by these agents. No change in mean CMRo2 was
observed in groups who received either I-epineph-
rine or U.S.P. epinephrine. Nor were there indi-
vidual instances in either group in which there
appeared to be a relationship between changes in
cerebral oxygen consumption and the severity of
the subjective sensations experienced by the
subjects.
The results in this respect are similar to those

of Scheinberg and Stead (17) who found that
cerebral blood flow and cerebral oxygen consump-
tion were unaltered by apprehension and anxiety
in normal young males, and they tend to sup-
port the suggestion of Scheinberg (26) that cere-
bral metabolism normally functions at nearly its
maximum rate. Apprehension and anxiety,
whether occurring spontaneously or induced by
the intramuscular administration of epinephrine,
do not appear to be associated with changes in
cerebral oxygen consumption.

SUMMARY

1. The effect of the intramuscular administra-
tion of I-nor-epinephrine, synthetic I-epinephrine,
and U.S.P. epinephrine on cerebral circulatory and
metabolic function has been determined in normal
healthy males.

2. I-Nor-epinephrine increases mean arterial
blood pressure and reduces cerebral blood flow in
normotensive males by virtue of its potent con-
stricting effect upon cerebral blood vessels. Cere-
bral oxygen utilization is not altered.

3. Epinephrine, when administered intramuscu-
larly in dosage of from 600 plg. to 1,400 pAg.,
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slightly lowers mean arterial blood pressure; does
not affect cerebral blood flow, cerebral vascular
resistance or cerebral oxygen utilization.

4. The cerebrovascular effects of synthetic l-epi-
nephrine and U.S.P. epinephrine are identical.
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