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A B S T R A C T Plasma concentrations of glucagon, in-
sulin, glucose, and individual plasma amino acids were
measured in normal nonobese and obese subjects before
and after 3 days of dexamethasone treatment (2 mg/
day) and in patients with Cushing's syndrome. The
subjects were studied in the basal postabsorptive state
and following the infusion of alanine (0.15 g/kg) or
ingestion of a protein meal.

In nonobese subjects dexamethasone treatment re-
sulted in a 55% increment in basal glucagon levels
and in a 60-100% increase in the maximal glucagon
response to alanine infusion or protein ingestion. In
obese subjects, basal glucagon rose by 110% following
dexamethasone, while the response to alanine increased
fourfold. In patients with Cushing's syndrome basal
glucagon levels were 100% higher and the glucagon
response to alanine infusion was 170% greater than in
normal controls.

Dexamethasone treatment in normal subj ects re-

sulted in a 40% rise in plasma alanine concentration
which was directly proportional to the rise in basal
glucagon. The remaining 14 amino acids were un-

changed. In the patients with Cushing's syndrome ala-
nine levels were 40% higher than in normal controls
and were directly proportional to basal glucagon con-

centrations. No other plasma amino acids were sig-
nificantly altered in the group with Cushing's syndrome.

It is concluded that (a) glucocorticoids increase
plasma glucagon concentration in the basal state and in
response to protein ingestion or aminogenic stimula-
tion; (b) this effect of glucocorticoids occurs in the
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face of obesity and persists in chronic hypercorticism;
(c) hyperalaninemia is a characteristic of acute and
chronic glucocorticoid excess, and may in turn con-
tribute to steroid-induced hyperglucagonemia; and (d)
increased alpha cell secretion may be a contributory
factor in the gluconeogenic and diabetogenic effects of
glucocorticoids.

INTRODUCTION
It is well recognized that glucocorticoids increase the
production of glucose by the liver (1). This gluco-
neogenic effect has generally been ascribed to ac-
celerated protein catabolism (2), resulting in aug-
mented availability of precursor amino acids (3).
Changes in hepatic gluconeogenic processes (4) and
resistance to the action of insulin (5) have also been
demonstrated following administration of corticosteroids.
Despite the evidence indicating enhancement of gluco-
neogenesis, information concerning the effects of gluco-
corticoids on the secretion of glucagon has only re-
cently become available (6). This is of particular in-
terest since a variety of in vitro (7) and in vivo
studies (8) indicate that the relative availability of
glucagon and insulin determines the net balance of
glucose exchange across the liver.

The present study was consequently undertaken to
determine the influence of glucocorticoids on alpha cell
secretion. This was done by examining the effects of
short term (3 days) administration of dexamethasone
on plasma glucagon concentration in the basal state
and following stimulation with known alpha cell secre-
togogues: infusion of alanine (9), and ingestion of
protein (8). The studies were carried out in normal
weight subjects as well as in obese individuals. The
latter group was investigated because obesity has re-
cently been demonstrated to have a suppressive influ-
ence on alpha cell function (9, 10). The effect of
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chronic hypercorticism was also examined by studying
glucagon secretion in patients with Cushing's syndrome.
Finally, individual plasma amino acid levels were mea-
sured to evaluate the effect of corticosteroids on en-
dogenous substrate availability and to determine if
hyperaminoacidemia is a contributory factor in gluco-
corticoid-induced changes in alpha cell secretion.

METHODS
Subjects. Three groups of subjects were studied. The

first group consisted of 14 healthy, nonobese volunteers
within 10% of ideal body weight (based on Metropolitan
Life Insurance Table, 1959), with no history or evidence
of diabetes. The subjects ranged in age from 18-36 yr.
The second group consisted of five obese subjects with
normal glucose tolerance (11), 2044 yr of age, who were
25-103% (mean+SE 59+16%) above ideal weight (based
on Metropolitan Life Insurance Tables, 1959). The third
group was composed of four patients (21, 26, 38, and 48
yr of age) with clinical and laboratory evidence of Cush-
ing's syndrome of six months' duration or longer. Three
of the subjects subsequently underwent surgical exploration
and were demonstrated to have bilateral adrenal hyperplasia.
In the fourth subject Cushing's syndrome was iatrogenic in
origin, a consequence of long term administration of phar-
macological doses of glucocorticoids (prednisone, 40 mg/
day) for control of asthma. This subject had not experi-
enced an acute asthmatic exacerbation for one month prior

to study. In three of the Cushingoid subjects, glucose
tolerance was within normal limits by oral testing (11).
The fourth subject (D. G.) was mildly diabetic (fasting
blood glucose 110-120 mg/100 ml) and was controlled by
dietary measures. The nature, purpose, and possible risks
of the study were explained to all of the subjects prior
to obtaining their voluntary consent to participate.

Procedures. All subjects received a weight-maintaining
diet containing 2,200-3,000 cal, 40% of which was in the
form of carbohydrate, for at least 1 wk prior to study, and
while receiving dexamethasone. Dexamethasone (Decadron,
Merck Sharp & Dohme, West Point, Pa.) was administered
to the healthy nonobese and obese subj ects in a dose of
0.5 mg every 6 h (2 mg/day) for 3 days. The three sub-
jects with endogenous hypercorticism received no dexa-
methasone. The patient with iatrogenic Cushing's syndrome
continued to take prednisone in a dose of 40 mg/day until
the morning of the study.

Alpha cell responsiveness was determined by infusion of
alanine or ingestion of a protein meal. The studies were
performed in the morning after an overnight (12-14 h)
fast prior to institution of dexamethasone treatment, and the
same study (either alanine infusion or protein ingestion)
was repeated after completion of three days of dexametha-
sone administration. The subjects with Cushing's syndrome
received a single infusion of alanine after an overnight
fast. L-alanine (ICN Nutritional Biochemical Div., Cleve-
land, Ohio) was prepared as a 10% sterile, pyrogen-free
solution as described previously (9), and was infused intra-
venously over 34 min in a dose of 0.15 g/kg. Protein in-

TABLE I
Plasma Glucagon Concentration in the Basal State before and after 3 Days of Dexamethasone

(Dex) Treatment in Nonobese and Obese Subjects and in Patients with Cushing's Syndrome*

Nonobese Subjects Obese Subjects Cushing's syndrome:
Subj ect Pre-Dex Post-Dex Subj ect Pre-Dex Post-Dex Subj ect Conc.

pg/mi pg/mi pg/mi pg/mi pg/mi
R.K. 50 100 S.B. 20 65 D.G. 140
J. WN. 25 75 H. G. 150 170 M. D. 110
P. D. 50 150 F. K. 60 150 L. M. 185
A. R. 210 420 A. P. 20 200 G. G. 240
M. F. 75 105 D. N. 115 150
M. T. 90 90
M. V. 160 250
J. W. 35 45
J. H. 80 95
D. C. 115 135
R. K. 30 140
F. L. 90 45
R. A. 120 120
L. M. 115 140

Mean 89 136 73 147 169
±SE i 14 ±26 426 4±22 ±28
P <0.01§ <0.05§ <0.02511

* Each value represents the mean of two to three determinations in the basal, postabsorptive
state.
I The patients with Cushing's syndrome did not receive dexamethasone.
§ Significance of difference between pre- and post-dexamethasone values (paired t test).
11 Significance of difference between mean values in Cushing's syndrome and in healthy (non-
obese, pre-dexamethasone) subjects (unpaired t test).
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gestion consisted of a meal of boiled lean beef (3 g/kg of
body weight) consumed in its entirety over 30 min. Blood
samples were obtained from an indwelling needle in an
antecubital vein at 10-min intervals for 20-30 min before
the administration of alanine or protein, and at intervals
of 10-30 min thereafter for 2 h (alanine infusion) or 4 h
(protein ingestion).

Analyses. Plasma glucose was determined by the glucose
oxidase technique (12). For the measurement of glucagon,
3 ml of whole blood was added to tubes containing 9 mg
EDTA to which 3,000 U of a kallikrein-trypsin inhibitor
(Trasylol, FBA Pharmaceuticals, New York) was added in
a volume of 0.3 ml. Glucagon was determined in plasma by
radioimmunoassay using an antibody (Lot 30 K, supplied
by Dr. Roger Unger) which cross reacts minimally with
extracts of gastrointestinal tissue (13). The coefficient of
variation with this assay system on replicate analysis of
quality control samples over a 6 month period was 8%.
All plasma samples from a given patient (pre- and post-
dexamethasone treatment) were analyzed for glucagon in
the same assay. Insulin was measured by radioimmuno-
assay employing talc to separate bound from free insulin
(14). Total alpha amino nitrogen in serum was determined
calorimetrically using ninhydrin (15). Individual neutral

TABLE I I
Plasma Glucose and Insulin in the Basal State and Maximal

Increments (Max A) after a Protein Meal or Infusion of
Alanine before and after 3 Days of Dexamethasone

(Dex) Treatment in Nonobese and Obese
Subjects and in Patients with

Cushing's Syndrome*

N$ Pre-Dex Post-Dex P

Nonobese Subjects
Glucose (mg/100 ml)

Basal 14 76±2 89 3 <0.005§
Max A (protein-meal) 8 242 8±3 <0.005§
Max A (alanine-infusion) 6 4±1 15±2 <0.002§

Insulin (OU/ml)
Basal 14 8±1 18±3 <0.002§
Max A (protein-meal) 8 18±2 32±4 <0.001I
Max A (alanine-infusion) 6 12±2 56±17 <0.02§

Obese Subjects
Glucose (mg/100 ml)

Basal 5 76±2 92 5 <0.05§
Max A (alanine infusion) 5 4±1 13±2 <0.01§

Insulin (oU/ml)
Basal 5 23±-7 61±-20 <0.05§
Max A (alanine infusion) 5 40 i13 1014±14 <0.005§

Cushing's Syndrome
Glucose (mg/100 ml)

Basal 4 83±10 - NSII
Max A (alanine infusion) 4 18±4 - <0.0111

Insulin (AU/ml)
Basal 4 31±10 - <0.0511
Max A (alanine infusion) 4 95 ±33 - <0.0511

* Values are expressed as mean ±SE.
Number of subjects.

§ Significance of difference between pre- and post-dexamethasone values
(paired I test).
11 Significance of difference between mean values in Cushing's Syndrome
and in healthy subjects (nonobese, pre-dexamethasone).
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FIGURE 1 Plasma glucagon and glucose concentrations
(mean-SE) following the infusion of alanine in six
healthy nonobese subjects before (solid lines), and after
(broken lines) 3 days of dexamethasone treatment. The
solid circles in the upper panel represent those points at
which glucagon levels rose to a significantly greater ex-
tent after dexamethasone treatment than before (P < 0.05,
paired t test). The specific increments in the glucagon
response to alanine after dexamethasone were 202±76
pg/ml at 10 min, 152+70 pg/ml at 20 min, 182+70 pg/ml
at 30 min, and 137+57 pg/ml at 40 min.

and acidic amino acids were measured by the automated ion
exchange chromatographic method (16) on plasma samples
deproteinized with sulfosalicyclic acid (17). Since the
plasma samples had been frozen prior to deproteinization,
cystine was not measurable (18). Samples for amino acid
analysis were available from eight of the nonobese subjects
and from the patients with Cushing's syndrome.

For the statistical analyses, the paired t test (19) was
employed in comparing observations pre- and post-dexa-
methasone treatment in the healthy nonobese and obese
groups, each subject thus serving as his own control. In
comparing the group with Cushing's syndrome to the
healthy nonobese group, the unpaired t test was used (19).
Data are presented as the mean±tSE.

RESULTS
Basal concentrations of glucagon, glucose, and insu-

lin. In Table I individual plasma glucagon concentra-
tions in the basal state are shown for the nonobese and
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TABLE III
Maximal Increments in Plasma Glucagon in Response to a Protein Meal or Infusion of A lanine before

and after 3 Days of Dexamethasone (Dex) Treatment in Nonobese and Obese
Subjects and in Patients with Cushing's Syndrome

Nonobese Obese Cushing's syndrome*

Protein meal Alanine infusion Alanine infusion Alanine infusion

Subject Pre-Dex Post-Dex Subject Pre-Dex Post-Dex Subject Pre-Dex Post-Dex Subject Max A

pg/mi pg/mi pMi gmi
MI. V. 150 180 R. K. 60 120 S. B. 40 110 D. G. 340
J. XX. 180 320 J. XW. 50 120 H. G. 60 275 M. D. 160
J. H. 110 125 P. D. 115 300 F. K. 75 375 L. M. 420
D. C. 30 140 A. R. 200 400 A. P. 50 400 G. G. 250
R. K. 115 280 M. F. 75 115 D. N. 60 130
F. L. 20 75 M. T. 110 150
R. A. 100 85
L M 200 240

Mean 113 181 102 201 57 258 293
±SE ±23 ±32 ±22 +49 ±6 ±60 ±56
P <0.024 <0.024 <0.024 <0.0211

* The patients with Cushing's syndrome received no dexamethasone.
Significance of difference between pre- and post-dexamethasone values (paired t test).
Significance of difference between mean values in Cushing's syndrome and in healthy (nonobese, pre-dexamethasone)

subjects infused with alanine (unpaired t test).

obese subjects before and after dexamethasone ad-
ministration and for the subjects with Cushing's syn-
drome. The mean basal levels of glucose and insulin
for each of the groups are shown in Table II. Plasma
glucagon concentration was higher in 11 of 14 non-
obese subjects and in all five obese subjects following
dexamethasone treatment (Table I). The mean incre-
ment in plasma glucagon was 55% in the nonobese
group and 113% for the obese subjects. M\ean basal
glucagon concentration in the patients with Cushing's
syndrome was double the value observed in the un-
treated controls (P < 0.025), and was comparable to
the levels demonstrated following dexamethasone ad-
ministration (Table I). As anticipated (20), a small
(10-20 mg/100 ml), but significant increase in plasma
glucose, and a two- to threefold increment in basal
insulin were demonstrable following dexamethasone
treatment (Table II). Basal hyperinsulinemia was also
observed in the group with Cushing's syndrome (Table
II).

Response to alanine infusion and protein ingestion.
The individual maximal increments in plasma glucagon
in response to alanine or protein administration are
shown in Table III for each of the subject groups. The
absolute glucagon and glucose concentrations following
the infusion of alanine are shown in Fig. 1 for
the nonobese group, in Fig. 2 for the obese subjects,
and in Fig. 3 for the group with Cushing's syndrome.
In the nonobese group, dexamethasone resulted in a

doubling of the mean maximal increment in plasma
glucagon following alanine administration and in a
60% increment in the response to protein ingestion
(Table III). That the augmented glucagon response
was not short-lived is indicated by the fact that after
dexamethasone administration, a significantly greater
increment in plasma glucagon was observed for 40
min during the postinfusion period (Fig. 1).

In the obese group the effect of dexamethasone treat-
ment on the response to alanine was even more striking.
The mean maximal increment in glucagon rose four-
fold (Table III), while mean glucagon levels were
significantly higher throughout the two hour period
of observation (Fig. 2). In the group with Cushing's
syndrome, the maximal glucagon increment in re-
sponse to alanine was 170% higher than in untreated
controls and was comparable to the dexamethasone-
treated subjects (Table III). Furthermore, the absolute
concentration of plasma glucagon after the infusion of
alanine remained significantly higher throughout the
2 h period of observation in the group with Cushing's
syndrome as compared with untreated controls (Fig. 3).

In each of the subject groups the augmented glucagon
response to alanine or protein associated with dex-
amethasone administration or chronic hypercorticism
was accompanied by a greater increment in plasma
glucose (Table II, Figs. 1-3). For the entire population
of studies performed, a highly significant direct linear
correlation was observed between the maximal incre-
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FIGURE 2 Plasma glucagon and glucose concentrations
(mean+.SE) following the infusion of alanine in five obese
subjects before (solid lines), and after (broken lines) 3
days of dexamethasone treatment. The glucagon levels
were significantly higher after dexamethasone at all points
shown (P <0.02 at - 10, 0, 10, 20, 30, and 90 min; P
<0.05 at 40, 50, 60, and 120 min; paired t test).

ment in glucose and glucagon following alanine infusion
(r = 0.76, P < 0.01).

The plasma insulin response to alanine and protein
was also two- to fourfold greater following dexametha-
sone treatment and was elevated in the group with
Cushing's syndrome (Table II).

Plasma amino acid concentrations. In Table IV, the
basal concentrations of 15 individual neutral and acidic
amino acids in the nonobese group are shown before
and after dexamethasone treatment. A 40% increment
was observed in plasma alanine after 3 days of dex-
amethasone administration (P < 0.01). In marked con-

trast, no significant changes were observed in the re-

maining 14 amino acids measured. To evaluate the

possible role of endogenous alanine as a glucagon
secretogogue, the relation between the changes induced
by dexamethasone in plasma alanine and plasma glu-
cagon in the basal state were examined. As shown in

Fig. 4, a significant direct linear correlation was ob-
served (r= 0.75, P < 0.05).

Plasma amino acid concentrations in the patients
with Cushing's syndrome are also shown in Table IV.
As indicated, plasma alanine concentration in patients
with chronic hypercorticism was 40% higher than in
healthy subjects studied before dexamethasone treat-
ment (P < 0.01), and was comparable to the value ob-
served in the normal subjects after dexamethasone
administration. In contrast, no significant differences
were observed between the Cushing group and normal
subjects with respect to any of the remaining 14 amino
acids measured. Despite the small number of subjects in
the group with Cushing's syndrome, a striking rela-
tionship was observed between endogenous alanine and
glucagon concentrations. As shown in Fig. 5, a highly
significant direct linear correlation was observed be-
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FIGURE 3 Plasma glucagon and glucose concentrations
(mean±SE) following the infusion of alanine in four
patients with Cushing's syndrome (broken lines) and in
six healthy nonobese controls (solid lines). The glucagon
levels were significantly higher in the group with Cushing's
syndrome at all points except 90 and 120 min (P < 0.05 at
-10, 0, 10, 50, and 60 min; P<0.02 at 20, 30, 40 min;
unpaired t test),

2778 J. K. Wise, R. Hendler, and P. Felig

[
[
[

I



TABLE IV

Basal Plasma Amino Acid Concentrations in Normal Subjects before and after Dexamethasone
(Dex) Administration and in Patients with Cushing's Syndrome*

Normal subjectst Cushing's syndrome

Pre-Dex Post-Dex P§ Conc. P11

pmol/liter pmol/liter jimol/liter
Taurine 414±3 36±-3 NS 48±16 NS
Aspartic acid 19±4 23±4 NS 20±3 NS
Threonine 164±13 172±11 NS 134±23 NS
Serine 163±t9 154±5 NS 137±10 NS
Proline 213±419 288±29 NS 230±54 NS
Citrulline 34±2 33±3 NS 30±2 NNS
Glycine 235±18 236419 NS 213±34 NS
Alanine 347±26 482±-41 < 0.01 488±31 < 0.01
a-aminobutyric acid 22±4 30±5 NS 23±2 NS
Valine 206±8 210±11 NS 331±85 NS
Methionine 28±2 36±4 NS 27±4 NS
Isoleucine 67±3 68±5 NS 68±4 NS
Leucine 121+7 126±8 NS 147±15 NS
Tyrosine 56±5 64±6 NS 62±5 NS
Phenylalanine 60±3 67±6 NS 76i7 NS

* Data are presented as the mean+SE.
I The normal subjects were eight nonobese individuals.
§ Significance of difference between pre- and post-dexamethasone values (paired t test).
11 Significance of difference between mean values in patients with Cushing's syndrome and
in untreated (pre-dexamethasone) normal subjects (unpaired t test).

tween basal concentration of plasma alanine and plasma
glucagon (r = 0.97, P < 0.01).

In Table V, plasma alanine concentrations following
the infusion of this amino acid are shown for the
nonobese subjects before and after dexamethasone
treatment. No significant differences were noted at any
of the times examined. Thus the augmented glucagon
response to alanine infusion induced by dexamethasone
could not be attributed to higher ambient alanine con-
centrations during the postinfusion period. Similarly,
the mean maximal increment in total alpha amino
nitrogen concentration following protein ingestion was
not affected by dexamethasone treatment (2.4±0.2
/Lmol/liter, pre-dexamethasone; 2.3+0.2 jumol/liter post-
dexamethasone.

DISCUSSION
The present data provide evidence that glucocorticoids
increase glucagon secretion in man. An elevation in
plasma glucagon concentration was demonstrable fol-
lowing short-term (3 day) administration of dexa-
methasone as well as in association with chronic en-
dogenous or iatrogenic hypercorticism. In a recent
study, Marco et al. reported an increased alpha cell
response to infusion of arginine in patients treated with
prednisolone, but noted only a minimal rise in basal
glucagon levels (6). The current findings indicate that
glucocorticoids increase plasma glucagon concentration
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FIGURE 4 Relation between changes in the basal concentra-
tions of alanine and glucagon following dexamethasone ad-
ministration in healthy, nonobese subjects; r = 0.75, P
<0.05.
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FIGURE 5 Relation between basal concentrations of plasma alanine and
with Cushing's syndrome; r = 0.97, P < 0.01.

in the basal state as well as in response to aminogenic
stimulation by infusion of alanine. Furthermore, the
results also demonstrate augmented alpha cell secretion
in response to ingestion of a protein meal (Table III).
The significance of the latter observation is under-
scored by the recent suggestion that protein ingestion
may constitute the most important physiologic stimulus
for glucagon secretion (21, 22).

The response to glucocorticoids in obese subjects
was of particular interest since truncal, and often
generalized obesity is a characteristic finding in chronic
hypercorticism (23). In addition, obesity per se has

TABLE V
Plasma Alanine Concentrations after the Infusion of

Alanine in Nonobese Subjects*

Plasma alanine

Time Pre-dexamethasone Post-dexamethasone

min jmol/liter

10 4,275± 190 4,520±369
20 2,470±i110 2,787+292
30 1,980± 120 1,856±'-231
60 1,066±81 986±52

* Data are presented as the mean±SE.

560

glucagon in patients

recently been demonstrated to have a suppressive effect
on glucagon secretion in response to starvation (10,
24) or infusion of alanine (9, 10). Furthermore, even
in the face of overt diabetes, a blunted alpha cell re-
sponse has been noted in obese subjects (9, 25). The
present data indicate that obesity does not interfere
with the enhancement of glucagon secretion induced
by glucocorticoids. In fact, the rise in basal as well
as alanine-stimulated glucagon levels following dexa-
methasone administration was even more marked in
obese than in nonobese subjects (Tables I and III).

The observations on the effects of short term ad-
ministration of dexamethasone and chronic hypercor-
ticism on plasma amino acid levels are of interest both
with respect to the mechanism of hyperglucagonemia
as well as in regard to the changes in gluconeogenic
substrate availability induced by glucocorticoids. Al-
though the protein catabolic effect of corticosteroids
has been well documented (2), and an augmented rise
in total alpha amino nitrogen has been demonstrated
in eviscerated animals (3), little information is avail-
able on the effect of glucocorticoids on individual
plasma amino acid concentrations in man. Considering
the important role of alanine as the key endogenous
gluconeogenic substrate (26, 27), one might anticipate
that adrenal steroids, in increasing availability of glu-
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cose precursors, would induce an elevation in plasma
alanine levels. However, Zinneman, Johnson, and Seal
reported no significant changes in the concentrations of
19 plasma amino acids measured in four subjects given
100 mg of cortisol daily for 5 days (28). Nevertheless,
examination of their data reveals higher mean plasma
levels during cortisol treatment only in the case of
alanine, at each of three time periods examined (24 h,
1-3 days, and 3-5 days). In acute experiments, a single
dose of glucocorticoid has been observed to increase
plasma alanine concentration in children (29) and in
rats (30). The present data demonstrate a specific
elevation in plasmia alanine after 3 days of dexametha-
sone treatment. Furthermore, hyperalaninemia of com-
parable magnitude was demonstrable in association with
chronic hypercorticism. These data thus further under-
score the unique role of alanine as an endogenous glu-
coneogenic substrate (26, 27) and provide direct evi-
dence of glucocorticoid-mediated changes in circulating
glucose precursors in intact man. The mechanism
whereby glucocorticoids bring about an elevation in
alanine levels may be related to their ability to raise
pyruvate concentration (31). A similar explanation has
been advanced to account for exercise-induced hyper-
alaninemia (32). Such a formulation is supported by
the direct linear relationship between alanine and py-
ruvate levels in intact man (32).

With respect to the mechanism of glucocorticoid-
induced hyperglucagonenmia, alanine has been demon-
strated to be a potent stimulus of glucagon secretion
(9, 33). On that basis, hyperalaninemia has been sug-
gested as the possible mediator of augmented glucagon
secretion in exercise (34). In addition, in dogs in-
creased glucagon secretion has been demonstrated to
accompany a 30-50% increment in plasma alanine (33),
an elevation comparable to that observed in the present
study. Furthermore, in the current investigation a direct
linear correlation was observed between the rise in
alanine and the increase in plasma glucagon in dexa-
methasone-treated subjects (Fig. 4), and between basal
alanine and glucagon levels in patients with chronic
hypercorticism (Fig. 5). These data thus raise the
possibility that hyperalaninemia may be a contributory
factor in glucocorticoid-induced hyperglucagonemia.
While this explanation may account for the elevation in
basal glucagon levels, it should be noted that the rise
in alanine following the infusion of this amino acid was
no higher after dexamethasone treatment than before
(Table V). Thus an increase in the responsiveness of
the alpha cell to marked elevations in plasma alanine
appears to be a contributing factor to the hypersecre-
tory state brought about by dexamethasone. Interfer-
ence by glucocorticoids with the uptake of glucose by
the alpha cell, an effect analogous to the insulin an-

tagonism observed in other tissues (5), has been sug-
gested as a possible mechanism for the increase in
reactivity to aminogenic stimulation (6).

With regard to the implications of hyperglucagon-
emia, an increased concentration of glucagon would be
expected to enhance hepatic glucose output. Moreover,
the interaction of corticosteroids and glucagon is such
that adrenal steroids markedly enhance the gluconeo-
genic response to glucagon (35). Thus in addition to
augmented availability of aminogenic substrate and
possible direct effects on hepatic gluconeogenic proc-
esses (4), hyperglucagonemiia constitutes an additional
miechanismn whereby glucocorticoids augment glucose
production and exert a diabetogenic effect. This mecha-
nism appears to be of importance in acute as well as
chronic hypercorticism.

Finally, it has been stressed that glucocorticoids are
far more effective in increasing gluconeogenesis in the
intact organism as compared to their in vitro action
when added to the isolated liver (1). In fact, addition
of dexamethasone to perfused liver obtained from
adrenalectomized animals fails to increase basal glucose
production (35). This discrepancy between in vivo and
in vitro effectiveness in enhancing glucose production
has been ascribed to accelerated amino acid mobiliza-
tion induced by glucocorticoids in the intact organism
(1). An additional explanation however, may be pro-
vided by the augmentation in glucagon secretion, an
effect which would not apply to the isolated liver.
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