
RESPONSES TO THE INJECTION OF EPINEPHRINE IN HEPATIC
DISEASE

Robert F. Loeb, … , Esther B. Reeves, H. Pelham Glasier

J Clin Invest. 1931;10(1):19-31. https://doi.org/10.1172/JCI100339.

Research Article

Find the latest version:

https://jci.me/100339/pdf

http://www.jci.org
http://www.jci.org/10/1?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://doi.org/10.1172/JCI100339
http://www.jci.org/tags/51?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://jci.me/100339/pdf
https://jci.me/100339/pdf?utm_content=qrcode


RESPONSESTO THE INJECTION OF EPINEPHRINE IN
0 HEPATIC DISEASE

By ROBERTF. LOEB, ESTHERB. REEVESAND H. PELHAMGLASIER

(From the Department of Medicine, College of Physicians and Surgeons, Columbia University,
and the Presbyterian Hospil, New York)

(Received for publication September 30, 1930)

INTRODUCTION

The important r6le of the liver in carbohydrate metabolism has been
repeatedly emphasized in recent years, and particular attention has
been paid to its function in the maintenance of the blood sugar level
and the storage of glycogen (1, 2).

Minkowski (3), in 1886, observed the hypoglycemia which developed in geese
following hepatectomy and also noted, in the same experiments, a great increase
in the urinary excretion of lactic acid. In 1912, Parnas and Baer (4) demonstrated
the r6le of the liver in synthesizing glycogen from lactic acid. In 1906, von
Noorden and Embden (5) suggested the existance of a "chemical carbohydrate
cycle" in which liver glycogen is converted into glucose, which in turn is poly-
merized in the muscles to glycogen, which then yields lactic acid, and the latter is
transported back to the liver to be converted again into carbohydrate. Barr,
Himwich, and Green (6) in 1923 demonstrated that lactic acid liberated from leg
muscles during exercise is temporarily stored in resting muscles elsewhere. Janssen
and Jost, (7), found that during the infusion of d-lactic acid, this substance is
removed by the muscles, but with the discontinuation of the infusion, enormous
quantities of lactic acid are poured into the venous blood from the muscles and are
then presumably synthesized into glycogen by the liver. In the past three years,
the carefully controlled experiments of Cori and Cori (9) on the mechanism of the
action of epinephrine have yielded quantitative evidence supporting the idea of
this carbohydrate cycle and have demonstrated the importance of the liver in the
cycle. These authors have pointed out that epinephrine decreases carbohydrate
utilization in the muscles, increases the mobilization of muscle glycogen, thus
augmenting lactic acid formation, which subsequently increases the glycogen
storage in the liver. They have also pointed out that epinephrine hyperglycemia
results from an initial but transient glycogenolysis in the liver and that the hyper-
glycemia is then maintained by the decreased glucose utilization on the part of
the muscles.
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EPINEPHRINE IN HEPATIC DISEASE

On the basis of the work described, numerous clinical studies have
been made on the behavior of the lactic acid and of the blood sugar in
the presence of liver disease (10-20). In general it has been slhown
that: (a) the lactic acid content of the blood is increased in patients
with severe liver disease; (b) there is a delay in the disappearance df
sodium lactate injected intravenously; (c) feeding of sodium lactate
occasionally raises the blood lactic acid level more in patients with liver
disease than in normal individuals; (d) the hyperglycemia following the
injection of epinephrine is less marked in cases of hepatic insufficiency
than in those with normal livers, probably because of decreased glyco-
gen stores.

In 1923, Tolstoi et al. (8) found an increase in the lactic acid content
of the blood of four normal individuals following the injection of 15
minims of adrenalin. Cori and Cori (9) have recently demonstrated
that following the injection of epinephrine in normal animals, there is
not only prolonged elevation of the blood sugar but that the lactic acid
content of the blood is also increased for some hours. They have ob-
served, furthermore, that the rise in concentration of lactic acid in the
venous blood is considerably greater than that in arterial blood. This
result is to be expected in view of experiments showing increased
glycogen storage in the liver one or more hours after the injection of
epinephrine.

From the foregoing discussion it is apparent that the injection of
epinephrine causes a prolonged out-pouring of lactic acid from the
musdes, which is normally removed by the liver and resynthesized to
glycogen. It seemed possible that this mechanism might be interfered
with in patients with disease of the liver, and that there would result a
greater accumulation of lactic acid in the blood than would be found in
normal individuals. For this reason we have studied the blood lactic
acid curves following the subcutaneous injection of adrenalin, and sim-
ultaneously the changes in blood sugar and blood pressure have been
observed.

EXPERIMENTAL

The studies were made on human subjects in the fasting state and
at rest in bed. The "normal" group of controls, except for one medical
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student who was ambulatory, consisted of ward patients in whomno
pathological condition could be demonstrated. The cases of jaundice
investigated included the following groups of conditions: (a) intra-
hepatic jaundice including catarrhal jaundice, toxic hepatitis and acute
yellow atrophy of the liver; (b) obstructive jaundice due to carcinoma
of the pancreas or bile ducts; (c) cirrhosis of the liver; (d) cholecystitis
with cholelithiasis. Observations were also made on a group of mis-
cellaneous disease conditions and on six patients suffering from dia-
betes mellitus.

Blood was withdrawn from an arm vein without stasis and the blood
pressure was measured. Following this, 0.7 to 1.0 cc. of epinephrine
(Armour and Co.) was injected subcutaneously. The blood pressure
was determined at intervals of 2 to 3 minutes for one-half hour and at
intervals of about 5 minutes during the next thirty minutes. Samples
of venous blood were removed one-half, one, and frequently two hours
after the adrenalin injection. Blood samples were treated with sodium
fluoride and were analyzed without delay for glucose and lactic acid.
In the earlier experiments, sugar alone was determined. In later
studies blood was not taken two hours after epinephrine injection,
because experience demonstrated that the maximum concentrations
of sugar and lactic acid were almost invariably reached in one hour.

In a few instances lactic acid was determined in the urine excreted
during the two hours following the administration of adrenalin, but as
there was no increase over the normal amount, this procedure was
discontinued. On the basis of the experiments of Jervell (14) and of
Hewlett, Barnett and Lewis (21), no increase in urinary excretion of
lactic acid was to be expected.

Lactic acid was determined by the method of Friedemann and Ken-
dall (22) modified in some of its details. The procedure gave excellent
results with pure lactate solutions, but was not reliable within z15 per
cent when applied to blood or urine samples. The determinations
were made on protein-free filtrates of whole blood. The method of
Folin and Wu (23) was used for blood sugar measurements. All
analyses were made in duplicate. The lactic acid and the glucose of
the blood have been recorded in terms of millimols per liter so that
comparative changes in molar concentrations might be observed.
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TAB

Effet of epinephrine in normal inidua

Blood sugar
Dose of

nmbera Sex Age Diagnosis ep-Blood sugarHpitearl neph- Time after epinephrine increase
rifle Initial __Initial

j hour 1 hour 2 hours

. c.mili-t mis- miii- mili- miXi- per m.seq.1
CC. moist mols mets mets mots e prlirper liter per liter per iter per liter per liter ce ter

219386 M. 20 Normal 1.0 5.27 7.66 8.66 6.22 3.39 65 1.19
M. 24 Normal 1.3 4.66 6.83 9.11 8.66 4.45 96 1.29

239481 F. 25 Neurosis 1.0 5. 56 8.72 9.40 7.39 3.84 69 0.87
6093 F. 48 Neurosis 1.0 5.66 9.38 10. 6 4.94 87 0.90

240839 F. 17 Hysteria 1.0 5.00 8.17 9.06 4.06 81 0.92
235105 F. 34 Healed lung abscess 1.0 5.67 8.22 9.84 9.40 4.17 74 1.07

Average ......................................5.5.30 8.16 9.45 7.92 4.16 79

75933 M. 60 Hypertension myocar- 1.0 6. 16 6.00 6.61 6.61 0.45 7 1.23
ditis

132607 F. 41 Picks disease 1.0 5.33 6.23 7.28 6.55 1.95 37 0.91
241332 M. 28 Tuberculous peritonitis 1.0 5.00 5.44 5.78 0.78 16 1. 72!

75023 F. 18 Debility, hookworm 0.7 5.00 7.40 6.06 2.40 48 0. 52
229520 M. 25 Hookworm, incipient 1.0 5.00 6.78 7.50 2.50 50 1.38

tuberculosis
241666 M. 22 Duodenal ulcer 1.0 4.83 5.94 6.83 2.00 41 1.18:
228061 M. 43 Duodenal ulcer 1.0 4.33 5.05 5.78 5.22 1.45 34 0.82
231234 F. 39 Tuberculosis of skin 1.0 4.94 8.33 8.56 3.62 73 0.69
233248 F. 35 Addison's disease 0.7 4.77 7.17 6.78 5.22 2.40 50 0.81

235030 M. 32 Bronchial asthma 1.0 5.21 6.45 7.34 6.27 2.13 41 O.70
236702 M. 17 Convalescent rheumatic 1.0 4.94 6.27 7.00 5.94 2.06 42 0.90

fever
79533 F. 63 Polycythemia vera 1.0 6.50 9.95 10.4 8.06 3.90 60
81394 M. 21 Convalescent pneumonia 0.7 5.50 8.06 8.45 6.28 2.95 54
81537 M. 17 Convalescent pneumonia 1.0 7.89 12.3 12.1 7.67 4.41 56

Average ........................................ 5.39 7.24 7.61 6.42 2.36 43 0.99

66114 M. 70 Diabetes and cardiac in- 1.0 9.78 9.72 9.45 10.0 0.22 2 1.77
sufficicncy

229110 M. 38 Diabetes 1.0 5.78 6.45 6.61 0.83 14 0.911

81185 F. 22 Diabetes 1.0 14.6 15.4 17.1 2.50 17 0.781

82430 F. 34 Diabetes 1.0 4.28 5.22 8.05 3.77 88 0.83i

61945 M. 18 Diabetes 0.7 14.2 14.4 14.8 0.60 4 1.59

245567 M. 42 Diabetes and hyperthy- 1.0 18.5 19.2 19.5 1.00 5 1.03
roidism

Average .................................... 11.2 11.7 12.6 1.49 22 1.15

* Patient had severe collapse 40 minutes after epinephrine. Blood pressure dropped to 60/30 mm.
t 1 millimol of glucose = 180 mgm.

1 milli-equivalent of lactic acid = 90 mgm.
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Is and in misceUaneous disease conditions

,Blood lactic acid

Time after epinephrine

I hour 1 hour 2 hours

m.eq.
per liter

3.62
3.30
2.08
3.52
2.57
2.86

2.99

1.32 11.82

2.00
3.31
1.64
2.59

2.48
1.87
1.71
1.55

1.43
2.33

2.07

1. 38

2.29

2.03

1.64

1.81

2.93

m.eq.
per liter

1.87
2.93
1.43

2.11

2.09

Blood lactic
acid increase

m.eN. per
per ltter cent

2.43 204
2.01 156
1.21 139
2.62 291
1.65 183
1.79 167

1.95 190

1.89 l 0.66

1.46

2.07

1.10

1.09
1.59
1.36
1.21

1.30
1.25
1.02
1.30

54

120
93

262
88

110
153
148
161

1.12 0.73
1.39 1.43

1.51 1.18 132

1.78 0.01

Blood Pressure

I _.

Initial

mm. Hg.

124/70
128/84
114/73
110/70
100/70
108/75

220/112

108/66
110/80
105/0
112/55

105/60
116/78
110/72
103/78

Maxi-
mum

mm. Hg.

162/40
156/76
132/70
140/50
140/?
142/78

236/120

130/72
124/70
162/70
134/53

112/60
142/70
200/108
106/70

104 110/80 134/84
159 102/62 128/70

0

1.38 152

1.25

0.81

0.22

1.90

140/92
98/60

115/62

196/70
138/50
178/76

In-
crease

per
cent

31
22
16
27
40
22

26

2

20
11

-54
20

7
22
82

3

22
25

40
41
55

29

Time
after

epineph-
rmne

minutes

35
35
31
18
17
53

43

13
12
4

27

3
40
15
10

58
37

28
21

7

-I -I

160/96

98/68

192/106

112/65

160 1118/82 128/58

98 1120/75 1148/55

13

185

114/74

108/60

140/66

168/80

20

14

8

23

23

56

1.49 2.01 0.85 101 24

Hg. Recovery in 5 minutes.

107

3

44

38

53

28*

Remarks

Not in bed

Temperature 1010 to 1020
No anemia. Debilitated
No anemia or fever

Receiving Sippy diet
Receiving Sippy diet

Bilateral adrenal tuberculosis at
autopsy

Lactic acid
mgm.

excreted in urine = 15.9

Not using insulin. Sugar free.

Insulin on night before test. Urine
sugar free

Insulin on night before test. Urine
sugar ++

Insulin on night before test. Sugar
free

Insulin on night before test. Urine
sugar ++

Insulin on night before test. Urine
sugar +++

23

m.eq.
per liter

2.98
2.63
1.85
2.92
2.14
2.02

1.85
3.23
1.88
2.11

2.03
1.57
1.71
2.11

1.39
1.93

1.92

1.26

1.54

0.84

~~~I l~~~ ~II~ -1 ..l~~~I~~~~l ~~~~l ~~~~ ~~~~ I.~
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EPINEPHRINE IN HEPATIC DISEASE

RESULTS

In the first section of table 1 it may be seen that in response to the
subcutaneous injection of epinephrine into normal individuals, the
blood sugar increases about 80 per cent above the fasting level, the
lactic acid rises about 200 per cent and an increase of about 25 per cent
occurs in the systolic blood pressure. The values for sugar and lactic
acid reach a peak at the end of one hour, whereas the blood pressure
begins to fall before this time. This chronological relationship for
maximal effects is approximately the same in all of the groups of pa-
tients studied. While there is a rather striking uniformity in the de-
gree of blood sugar increase among the members of the normal group,
the same can not be said of the blood lactic acid although the rise of the
latter is in all cases greater than 130 per cent.

In the second section of table 1 are shown the results obtained in a
miscellaneous group of disease conditions. The results are qualita-
tively like those found in normal individuals, but it may be observed
that the average increase in blood sugar and lactic acid is about half as
great as in the normals. The average blood pressure response is ap-
proximately the same as in the healthy subjects. The variations in
this miscellaneous group are naturally great.

The blood sugar and lactic acid curves of the diabetic patients, seen
in the last section of table 1, show a still greater deviation from the
normal. The average response of the blood sugar in these cases is only
about 25 per cent as great as in the normal group, although the fasting
level is naturally high, and lactic acid increases, on the average, only
half as much as in healthy individuals. The effect on blood pressure is
approximately normal. All of these patients were in a state of good
nutrition.

The reactions of the blood sugar, blood lactic acid and blood pres-
sure to the injection of epinephrine in patients with jaundice are sum-
marized in table 2. In the first group, which embraces the cases ot
intrahepatic jaundice, it will be observed that the blood sugar response
is about one third of the normal, while the average increases in lactic
acid concentration and in systolic blood pressure are approximately
the same as those found in healthy subjects. The individual varia-
tions in this group are great, and many of the patients showed a defi-
nite elevation of the initial lactic acid values as has been observed by
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Adler and Lange (11), Beckmann (12), Schumacher (10) and others.
The cases of obstructive jaundice (the second group in table 2) due to
carcinoma without liver metastases showed still less response on the
part of the blood sugar and lactic acid to adrenalin, and in this group
the elevation of the systolic blood pressure is distinctly less than in
any other group. The high initial blood sugar values result from the
presence of mild diabetes in some of the patients.

The studies of patients with cirrhosis are unfortunately incomplete,
but in this group the blood sugar response is of the same order as in all
the other types of liver disease and jaundice investigated.

In the last section of table 2 are presented the results obtained in the
study of three cases of cholecystitis and cholelithiasis. The group is
small but it may nevertheless be observed that in these cases too, there
is an abnormally small increase in blood sugar and lactic acid after
epinephrine as in the cases of obstructive jaundice, while the blood
pressure rise is approximately normal.

In none of the groups of cases studied was there definite molecular
correlation between changes in blood sugar and blood lactic acid result-
ing from the administration of adrenalin. Furthermore, no constant
relationship was established between the concentration of bilirubin
in the serum and the response of the carbohydrate metabolism to
epinephrine.

DISCUSSION

Brill and Fitz-Hugh (16) first showed that the blood sugar curves
resulting from epinephrine injection are lower in the presence of liver
disease than those obtained in healthy individuals, but believed that
this test is of little clinical value. Kugelmann (19) in 1929 confirmed
the findings of Brill and Fitz-Hugh and concluded that the test is
of importance in differentiating parenchymatous liver damage from
obstructive jaundice, as three cases of carcinoma of the pancreas
showed a normal blood sugar response. This latter observation is at
variance with our results which showed that the slope of the sugar
curve in obstructive jaundice is just as low as in the cases of intrahepa-
tic jaundice. There was no definite correlation between the severity
of the liver damage and lack of blood sugar response to adrenalin. It
is significant that not only in hepatic disease but also in a group of
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TAB:
Effect of epinephrine in va

Ag

15
27
42

39
50
26

Diagnosis

Catarrhal jaundice
Catarrhal jaundice
Catarrhal jaundite

Catarrhal jaundice*
Catarrhal jaundice*
Catarrhal jaundice*

45 Catarrhal jaundice*
34 Arsphenamine jaundice

64
33
32

40 Arsphenamine jaundice

Arsphenamine jaundice
Arsphenamine jaundice
Arsphenamine jaundice

54 Acute yellow atrophy

36 Acute yellow atrophy

Srm Dos of
bili- nep-rubin -

mgm.
per cent

6.7
7.1

12.1
25.0
18.8

10.7
4.1

6.8

8.3
10.7
15.0

20.5

5.4

cc.

0.7
1.0
1.0

1.0
1.0
1.0

1.0
1.0

0.7

1.0
1.0
1.0

1.0

Blood sugar

Time after epinephrine
Initial

j hour 1 hour 2 hours

miUi- miii- miii- miii-
Moist mols mots mots

per liter perliter per liter per lier
5.44
5.44
5.72

5.72
6.17
5.10

6.11
4.89

8.44

4.61
4.55
4.39

6.67

1.0 1. 6.28

7.17
6.00
6.72

6.22
6.00
5.61

5.89
5.50

6.94
6.67
8.00

7.11
6.00
6.33

6.72
5.96

9.781 13.2

4.83
4.95
5.50

6.45

6.56

6.17
6.17
6.89

6.45

7 .4

6.67
6.72

6.50
5.83
6.00

6.72

5.27

Blood sugar
increase

miii-
mows per cent

per liter

1.73
1.23
2.28

1.39
-0.34

1.23

0.61
1.07

4.76

1.56
1.62
2.50

6.671-0.22

6.67 1.17

32
23
40

24
'-3

24

10
22

56

34
36
57

-3

19

Average ..................................... . .. 5.68 6.23 7.15 6.34 1.47 25

226203 M. 65 Cancerofpancreas 4.7 1.0 5.56 6.29 8.84 8.70 3.28 59

230777 F. 52 Cancer of bile ducts 3.2 1.0 9.45 10.0 11.1 10.6 1.65 18
244699 M. 59 Cancer of pancreas 10.9 1.0 13.1 14.8 15.2 2.10 16

80477 M. 54 Cancer of pancreas 7.6 1.0 9.22 8.56 8.12 8.90-1.10 -12
82030 M. 41 Cancer of pancreas 12.5 0.7 7.39 8.34 7.11 0.95 13

264809 M. 42 Cancer of pancreas 21.0 0.8 5.44 5.89 7.05 5.94 1.61 30

Average.,........................................ 8.36 8.98 9.57 8.54 1.42 21

245483 F. 44 Hypertrophic cirrhosis + 1.0 5.06 7.95 9.73 4.68 93
81487 M. 51 Atrophic cirrhosis + 1.0 6.06 7.06 6.95 6.06 1.00 16
81855 M. 45 Cirrhosis (?) syphilitic 6.8 1.0 6.50 6.56 7.17 6.67 0.67 10
69567 M. 62 Atrophic cirrhosis 12.5 1.0 6.12 6.72 6.72 7.06 0.94 15
82774 M. 62 Atrophic cirrhosis 1.0 6.84 7.44 8.67 8.95 2.11 31

Average ........................................ 6.12 7.15 6.85 7.19 1.88 33

239167 M. 71 Cholecystitis and chol- 5.0 1.0 6.61 7.50 8.73 7.78 2.12 32
angitis

243940 F. 23 Cholecystitis and chol- + 1.0 6.06 7.40 7.06 1.34 22
elithiasis

244726 F. 58 Cholecystitis and chol- + 0.8 5.28 6.56 6.95 1.67 32
elithiasis

Average ......................................... 5.98 7.15 7.58 1.71 29

* Severe jaundice, i.e., "toxic hepatitis."
t 1 millimol of glucose = 180 mgm.
I 1 milli-equivalent of lactic acid = 90 mgm.

+ = trace of bilirubin.
A-blood pressure observed for 20 minutes only.
B-blood pressure fell to 72/22 mm. Hg. 70 minutes after epinephrine

26

Hospital Snumber ex

162207
241391
236877

230476
247298
249288

M.
M.
M.

M.
M.
M.

81288 M.
801301 F.

1877691 F.

189511
228219
217054

M.
M.
F.-

821401 F.

763011 F.
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trz,US ypes of livier disease
Blood lactic acid

Time after epinephrine
initial

i hour 1 hour 2 hours

.Eq. + m.Eq. m. Eq. m.Eq.
per liter per liter per liter per liter

0.87 2.39 2. 4
1.53 3.70 3. 7/7 2.33
0.86 2.22 2.31 1.47

1.22 2.70 3.04 2.19
1.97 3.23 4.17 3.38
0.84 1.53 1.97 1.52

2.88

1.49

1.22
0.77
1.26

1.36

1.00

1.11
1.06
1.20

0.98

1.07

1.18

1.28

0.80

1.26

1.10

3.84

2.39

1.23
1.83
3.61

2.61

1.72

2.94
2.06
1.24

1.26

3.00

3.21

2.11
2.33
5.59 4.26

3.11 2.53

1.81 2.27

2.72 1.39
2.19
1.11 1.70

1.98 1.55

1.84 1.96
I3.13 3.57

2.16 2.68

1.31 1. 72

1.76 2.24
1

1. 74 2.21

1.73

2.00

Blood lactic
acid increase

m.Eq.
per liter

1.87
2.24
1.45

1.82
2.20
1.13

0.96

1.72

0.89
1.56
4.33

1.83

1.27

1.83
1.13
0.50

1.00

per
cent

214
147
168

149
112
135

33

115

73
202
343

154

1

165
107
42

102

1.15 109

2.39 203

1.40 109

0.92 115

0.98 78

1.10 101

Initial

mm. ig

99/50
97/62
94/64

105/62
98/60

114/70

98/60
136,80

90/60

130/70
105/65
111/70

Blood pressure

Time
Maxi- Systolic after
mum increase epineph-

rine

mm. Hg

133/46
134/54
110/64

140/80
116/50
156/60

116/50
220/120

110/60

136/50
120/75
142/74

per cent

33
38
17

33
18
37

18
62

22

5
14
28

10O/70 115/75 1OA

26

160/501160/50 B

108/70 130,/70 20
102/66 112/64' 10
112/75 126/70 13
96/681100/58 4

132/70 140,'58 6

112/70170/84 52
105/75 110/75 5A
128/82 130,/78 2A
115,/64 140,/60 22
122/50 150/58 23

97/56 102,66 5

122/68 160/70 31

15S/60 184/50 19

18

minutes

17
15
50

10
32
34

42
5

5

24
10
11

13

20
17
2

19
51

Remarks

Lactic acid excreted in urine =
17 mgm.

Arsphenamine 13 months before
admission

Operated upon 4 days later and
died

Infusion of 10 per cent glucose
night before test

A tourniquet was used in obtain-
ing blood

Comatose and died next day.
Autopsy

Operated upon. Test done in
convalescence

Lactic acid excreted in urine =
12.7 mgm.

Operated upon
Operated upon
Died 5 days later. Autopsy
Died. Autopsy
Lactic acid excreted in urine =

8.5 mgm. Operated upon

10
18

2
77 Operation
60

24 'Operation

40 Proven by x-ray examination

30

27

.1 1- 1~



EPINEPHRINE IN HEPATIC DISEASE

miscellaneous diseases in which there was no evidence of liver disorder,
the blood sugar response to epinephrine is subnormal.

In five of the six cases of diabetes studied, the blood sugar response
to adrenalin was smaller than in any of the groups of liver disease
investigated. It is possible that this is the result of the antagonistic ac-
tion of insulin injected 15 hours before the experiment (9), but this time
interval seems entirely too long to serve as an explanation, and further-
more, the same observation was made in one patient who did not re-
ceive insulin. In those cases in which sugar was present in the urine
at the time of test, any excess sugar liberated by glycogenolysis may
have been excreted in the urine without influencing the blood sugar
level. The reaction of diabetic patients to adrenalin injection should
be further studied.

Adler and Lange (11), Schumacher (10) and Beckmann (12) (18) as
well as Wakefield and Greene (20) have demonstrated the increase in
the fasting lactic acid content of the blood of patients with liver dis-
ease. Our experiments confirm this finding, but this abnormality of
the blood is also found in some of our miscellaneous cases and is known
to exist in cardiac disease, secondary anemias and in other diseases
(14). Furthermore we observed no consistent parallelism between
the severity of the liver disease and the height of the initial lactic acid
level. On the basis of the theoretical considerations discussed in the
introduction, it might be anticipated that following the injection of
adrenalin, there would be an abnormally great accumulation of lactic
acid in the blood in patients with liver disease. The results showed,
contrary to expectation, that there is an abnormally small increase,
both actual and relative, in obstructive jaundice and also in disease
conditions not associated with pathological changes in the liver. In
diseases in which there is degeneration of liver cells (intrahepatic jaun-
dice) the findings approach the conditions which might be theoretically
anticipated, i.e., abnormally high blood lactic acid levels after epineph-
rine, but even here the concentration does not exceed that found in
normal individuals. This tendency toward lactic acid retention is,
however, indicative of a failure of the liver cells to synthesize glycogen.

The work presented shows clearly that in many pathological states,
including diseases of the liver, the response of the carbohydrate metab-
olism to the injection of epinephrine is quantitatively less than in
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normal individuals; i.e., the diseased subjects act as though they had
received a smaller dose of the hormone. It thus seems possible that
in certain diseases, some of the effects of adrenalin are inhibited by
factors still unknown. It is improbable that this is the result of poor
absorption from the subcutaneous tissues as the site of injection was
always thoroughly massaged and because-of the long duration of the
experiments. If this point of view is accepted as a working hypothe-
sis, it renders unnecessary the assumption that the low blood sugar
curves, observed in liver disease, are dependent upon depleted hepatic
glycogen stores. Moreover this working hypothesis will explain the
fact that the lactic acid curves in liver disease tend to be below normal
instead of being elevated.

While evidence suggestive of the inhibition of the epinephrine effect
on carbohydrate metabolism was found in all of the disease groups
studied, the pressor effect was normal except in the cases of obstructive
jaundice due to carcinoma of the head of the pancreas. In these
patients the blood pressure response was definitely below normal. It
is interesting to note in this group, that epinephrine also appeared to
have less effect upon the carbohydrate metabolism than in any other
of the disease conditions.

CONCLUSIONS

1. The effect of epinephrine upon the blood sugar, blood lactic acid
and blood pressure has been studied in liver disease, as well as in certain
other pathological conditions.

2. The rise in blood sugar is less marked in cases of liver disease,
diabetes and many other pathological states than in normal subjects.

3. The blood sugar curve after epinephrine injection is in no way
characteristic of liver disease and does not appear to correspond closely
to the type or degree of damage present.

4. The lactic acid content of the blood in the postabsorptive period
is occasionally increased in hepatic disease. This abnormality is not
limited to lesions of the liver, nor is it consistently related to the sever-
ity of the process or to the concentration of bilirubin in the blood.

5. Contrary to theoretical expectations, the lactic acid curves re-
sulting from the administration of adrenalin are frequently lower in
liver disease, diabetes and certain other pathological conditions than
in normal individuals.
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6. It is suggested that the abnormally small response of the blood
sugar and lactic acid in liver disease and certain other pathological
conditions, notably diabetes, results from an inhibition of the action of
epinephrine on carbohydrate metabolism.

7. The pressor effect of epinephrine tends to be the same in normal
individuals and patients suffering from liver disorders, except in cases
of carcinoma of the pancreas with obstruction of the bile ducts where
this effect is decreased.
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