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Abstract

To examine whether hyperinsulinemia associated with gluco-
corticoid treatment results solely from hypersecretion of insulin
or also involves altered fractional hepatic extraction, oral glucose
(1 g/kg body wt) was administered to dogs with or without dexa-
methasone treatment (2 mg/d for 2 d). Dexamethasone signifi-
cantly increased basal glucose and insulin concentrations in the
portal vein, hepatic vein, and femoral artery, reduced basal frac-
tional hepatic extraction of insulin from 43+4% to 22+4%, and,
after oral glucose, increased retention by the liver of net glucose
released into the portal system from 27+4% to 53+13%. Intra-
portal insulin infusion (1 and 2 mU/kg per min) after 7 d of
dexamethasone treatment (2 mg/d) caused less suppression of
endogenous glucose production, and less exogenous glucose was
required to maintain an euglycemic clamp than in control animals.
Dexamethasone treatment is associated with: (a) decreased basal
fractional hepatic insulin extraction contributing to hyperinsu-
linemia; and (b) less suppression of endogenous glucose produc-
tion and increase in peripheral uptake in response to insulin, but
no reduction in net hepatic glucose uptake after oral glucose.

Introduction

Glucocorticoids in excess cause hyperglycemia and hyperinsu-
linemia in the basal state and after oral glucose ingestion (1).
This insulin-resistant state primarily involves post-receptor de-
fects in peripheral tissues (impaired glucose transport) (2). How-
ever, some studies indicate that insulin resistance also exists at
the hepatic level, with elevated basal glucose production after 7
d of steroid administration (3), and increased hepatic glucose
output after cortisol infusion (4). The effect of steroids on hepatic
uptake of glucose after its oral administration has not been ex-
amined previously. Although glucocorticoids directly inhibit in-
sulin secretion (4-9), the hyperinsulinemia has been attributed
to enhancement of stimulation of the B cell by the elevated
glucose concentrations that result from insulin resistance (10).
The present study examined the possibility that dexamethasone
might alter the fractional hepatic extraction of insulin, thereby
contributing to the hyperinsulinemia and the effect of the steroid
on hepatic glucose metabolism after oral glucose administration.

Methods

Animals and surgery

Healthy adult male and female mongrel dogs weighing 18-30 kg were
anesthetized with intravenous sodium pentobarbitol (25 mg/kg body wt)
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after an overnight fast (18 h). After a midline incision, pulsed range-
gated ultrasonic Doppler flow probes were placed around the portal vein
and the hepatic artery as described previously (11). Sampling microbore-
siliconized plastic catheters (American Scientific Products Div., American
Hospital Supply Corp., McGaw Park, IL) were placed in the portal vein,
hepatic vein, and the femoral artery as reported previously (12). The
portal vein sampling catheter lay immediately below the portal vein bi-
furcation. The left common hepatic vein was catheterized through the
superficial jugular vein using subdiaphragmatic control by hand. The tip
of the two side-hole catheter was advanced into the hepatic vein 1.5-2.0
cm from the edge of the liver. In the experiments with insulin infusion
and glucose turnover, a catheter was placed in the superior mesenteric
vein for the infusion of insulin and another in the external jugular vein
for the infusion of the glucose tracer ([3-*H]glucose). The catheters were
flushed daily with 2 ml heparinized saline (50 U/ml) to prevent throm-
botic occlusion. After at least 2 wk of recovery from surgery, experiments
were conducted after an overnight fast in conscious, unrestrained dogs.
Experiments were done only on animals whose hematocrits were >30%
and who appeared in healthy condition with good appetite and normal
stools. Blood samples for glucose, insulin, and glucagon were obtained
simultaneously from the femoral artery, portal vein, and hepatic vein,
with continuous measurement of portal and hepatic artery blood flows.
In the glucose turnover experiments, blood samples were taken from the
portal vein and femoral artery only.

Experimental procedures

Protocol I: control oral glucose group. After a 30-min control period,
nine dogs each consumed 1.0+0.1 g/kg body wt glucose (10% solution)
within 1-2 min. Blood samples were obtained at —30, —20, —10, 0, 10,
20, 30, 45, 60, 75, 90, 105, 120, 150, and 180 min.

Protocol II: oral glucose in dexamethasone-treated dogs. Nine dogs
were given oral dexamethasone (decadron, Merck Sharp & Dohme Div.,
Merck & Co., Inc., West Point, PA) 2 mg/d as a single dose for 2 d. On
the third day the same experiment was carried out as in Protocol I.

Protocol I1I: insulin infusion with an euglycemic clamp. After a 30-
min control period, insulin was infused intraportally into eight dogs at
1 mU/kg per min from 0-75 min and at 2 mU/kg per min from 75-
150 min. Hypoglycemia was prevented by infusion of dextrose (5%) into
the external jugular vein at rates appropriate to maintain the dogs’ basal
glucose concentration. Adjustments of the glucose infusion rates were
based upon plasma glucose determinations every 5 min. The infusion
of exogenous glucose was stopped simultaneously with the termination
of the hormone infusion. For isotopic determination of glucose appear-
ance, a priming dose (48 uCi) of [3-*H] glucose (New England Nuclear,
Boston, MA, specific activity 12.3 Ci/mmol) was administered at —150
min followed by infusion of 0.4 xCi/min during a 150-min equilibration
period and 180-min experimental period. The coefficient of variation of
glucose-specific activity during the final 30-min equilibration period (four
samples) was 2.1+0.5% (mean+SEM). Blood samples from the portal
vein and femoral artery were obtained at —30, —20, —10, 0, 15, 30, 45,
60, 75, 90, 105, 120, 135, 150, 165, and 180 min.

Protocol IV: insulin infusion with euglycemic clamp in dexametha-
sone-treated dogs. Protocol 111 was repeated in the same eight dogs after
they received dexamethasone 2 mg/d for 7 d.

Analysis

Blood flow was measured with an ultrasonic range-gated pulsed Doppler
flow meter designed by Hartley et al. (13, 14) and as described elsewhere
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(11). The blood flow measurements were corrected to plasma flow based
on hematocrits obtained every 30 min, since glucose, insulin, and glu-
cagon were measured in plasma. Blood samples were collected in chilled
tubes containing 500 U Trasylol (Mobay Chemical Corp., New York)
and 1.2 mg EDTA/m blood. Plasma immunoreactive insulin was assayed
using dextran-coated charcoal (15). Plasma immunoreactive glucagon
was assayed with Unger’s 30K antibody (16). Plasma glucose was mea-
sured by glucose autoanalyzer (Beckman Instruments, Inc., Fullerton,
CA) using a glucose oxidase method. The specific activity of [3-*H] glucose
was measured as previously reported (17) using plasma deproteinized
by the Somogyi method (18).

Calculations

The flux of glucose and hormones in each vessel was determined by
multiplying plasma flow by plasma concentration. Hepatic vein plasma
flow was the sum of the plasma flows in the portal vein and hepatic
artery. The amount of glucose and hormones presented to the liver was
the sum of the contribution from the portal vein and hepatic artery
(concentration X flow). The amount leaving the liver was the product
of hepatic vein concentration and hepatic vein plasma flow. The fractional
hepatic extraction of hormones was calculated according to the formula:
(hormone presented to the liver — hormone leaving the liver)/(hormone
presented to the liver) X 100. Net nonhepatic splanchnic insulin balance
was derived from the formula [(portal vein insulin concentration — arterial
insulin concentration) X portal flow]/body wt. This value represents
pancreatic insulin secretion minus insulin uptake in the nonhepatic
splanchnic bed. Calculations of the mean values of this variable and of
the hepatic extraction of hormones were based on the values obtained
in each individual dog and not the means of the concentrations and flow
rates presented in the figures.

The net amount of glucose released into the portal system was cal-
culated according to the formula: [(portal vein glucose — arterial glucose)
X portal flow]/body wt. A positive result indicates net release into the
portal system, whereas a negative one indicates net extra hepatic
splanchnic glucose uptake. Total net absorption was the area above the
zero line over 180 min. The net hepatic glucose balance was determined
as follows: (glucose leaving the liver — glucose presented to the liver)/
body wt. A positive balance indicates hepatic glucose output, whereas a
negative one connotes hepatic glucose uptake. Total net hepatic glucose
uptake was the integrated area below the zero line from the time net
hepatic glucose uptake occurred until the time it ceased. Net splanchnic
glucose balance was calculated by the following formula: [(hepatic vein
glucose — arterial glucose) X hepatic flow]/body wt. During the eugly-
cemic clamp, total glucose appearance was obtained by the radioisotopic
determination (19, 20). Because the total glucose appearance is the sum
of the amount of glucose infused and the residual endogenous glucose
production, the latter was derived by subtracting the amount infused
from the total appearance (all expressed in milligrams per kilogram per
minute).

Statistics

The data are presented as the mean+SEM. The basal value was the
mean+SEM of the four values obtained from —30 to 0 min. Significant
changes from basal were determined by two-way analysis of variance,
followed by Duncan’s new multiple range test. Differences between the
data sets from control and steroid-treated groups were evaluated by one-
way analysis of variance. Comparison of two means was by unpaired
Student’s ¢ test. P < 0.05 was considered to indicate a significant difference.

Results

Plasma flows. Basal portal vein plasma flow was 18.0+1.3 ml/
kg per min in the control group as compared with 15.2+1.2 ml/
kg per min in the steroid-treated dogs. This difference was not
statistically significant. (Fig. 1). In both groups oral glucose sig-
nificantly increased portal vein plasma flow, but the incremental
area was significantly less in the steroid-treated dogs (130+20
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Figure 1. Plasma flows before and after oral glucose (1 g/kg body wt)
in the portal vein (0), hepatic vein (0), and artery (a), in control (4)
and dexamethasone-treated (2 mg/d for 2 d) (B) dogs.

ml/kg per 3 h vs. 340+44 ml/kg per 3 h). Because the hepatic
artery plasma flows did not change significantly, the hepatic vein
plasma flows changed in parallel with those in the portal vein.

Plasma glucose levels. In the control group, the basal hepatic
vein glucose level (8914 mg/dl) significantly exceeded those in
the femoral artery (80+3 mg/dl) and portal vein (783 mg/dl)
(Fig. 2). Steroid treatment significantly increased each of these
values (104+3, 94+3, and 93+3 mg/dl in the hepatic vein, fem-
oral artery, and portal vein, respectively). After oral glucose was
administered, glucose levels in all three vessels rose significantly
above basal in both groups. Peak values were achieved at 30-
45 min in the control group and 45-60 min in steroid-treated
dogs. In the dexamethasone-treated group, glucose levels signif-
icantly exceeded those in control animals at 60, 75, 90, and 105
min in arterial plasma and at 75 and 90 min in portal and hepatic
venous samples. The incremental areas in glucose concentrations
above basal did not differ significantly between control and
dexamethasone-treated animals. In arterial samples the values
were 5,289+1,445 and 6,450+1,058 mg-min/dl per 3 h for
the control and dexamethasone-treated groups, respectively.
Corresponding portal vein values were 9,129+1,378 and
10,204+1,008 mg-min/dl per 3 h and in the hepatic vein
6,538+1,488 and 6,125+1,355 mg- min/dl per 3 h.

Net glucose release into the portal system. Although the same
size of glucose load was given in both experiments, less glucose
was released into the portal system in the dexamethasone-treated
dogs (Fig. 3). Of the total glucose administered, 76+4% was re-
leased into the portal system in the control animals as compared
with 55+4% in the steroid-treated dogs. The peak absorption in
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Figure 2. Plasma glucose levels before and after oral glucose in the
portal vein (0), hepatic vein (), and artery (), in control (4) and
dexamethasone-treated (B) dogs.

the controls was 9.2+1.6 mg/kg per min at 20 min as compared
with 7.0£0.9 mg/kg per min at 45 min in the steroid-treated
dogs. Despite the lower absorption of glucose in the latter group,
the hyperglycemia achieved was comparable (Fig. 2).

Net hepatic and splanchnic glucose balances. The directly
measured basal net hepatic glucose balance was 2.2+0.3 mg/kg
per min in the basal state of the control dogs and 2.4+0.3 mg/
kg per min in the steroid-treated dogs (Fig. 4); these values were
not significantly different. The splanchnic glucose balances were
1.920.2 and 2.0+0.3 mg/kg per min in the control and dexa-
methasone-treated dogs, respectively and were not significantly
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Figure 3. Net glucose release into the portal system in control (0) and
dexamethasone-treated (2 mg/d for 2 d) (O) dogs.
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Figure 4. Net hepatic (0) and splanchnic (0) glucose balances in con-
trol (4) and dexamethasone-treated (B) dogs.

different. The difference between the hepatic and splanchnic
balances indicates an uptake of 0.3-0.4 mg/kg per min glucose
by the extrahepatic splanchnic tissues in the basal state. After
oral glucose administration, the liver changed from net output
to net uptake. Despite the reduced release of glucose into the
portal system, the net hepatic uptake by the dexamethasone-
treated dogs was somewhat greater than in the control dogs,
although the difference did not reach statistical significance. Of
the total glucose released into the portal system, 27+4% was
retained by the liver in the control dogs as compared with
53+13% in the steroid-treated dogs. On an absolute basis the
control dogs retained 4.5+0.9 g glucose in the liver as compared
with 7.0+1.9 g in the steroid-treated dogs. Accordingly, the net
splanchnic glucose output after oral glucose was significantly
greater in the control dogs as compared with the steroid-treated
animals (Fig. 4). While the peak value of the splanchnic glucose
output was 7.7+ 1.4 mg/kg per min at 20 min in the controls, it
reached only 3.4+1.2 mg/kg per min at 45 min in the steroid-
treated dogs.

Insulin levels and balance. The basal insulin levels in the
portal vein of the control dogs (32+7 pU/ml) exceeded those in
the hepatic vein (15+3 pU/ml) and femoral artery (11+2 uU/
ml) and were significantly less than in the steroid-treated dogs
(63£6, 44+5, and 32+5 uU/ml, respectively) (Fig. 5). After oral
glucose administration, portal vein insulin levels rose to a max-
imum of 211£32 pU/ml at 45 min in the steroid-treated dogs
and to 147+51 pU/ml at 10 min in the controls. Arterial insulin
levels were also higher (666 uU/ml vs. 48+10 pU/ml at 20
min). Net nonhepatic splanchnic insulin balance (Fig. 6) was
0.37+0.11 mU/kg per min in the control groups in the basal
state and reached a peak value of 2.01+0.4 mU/kg per min 30
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Figure 5. Plasma insulin levels before and after oral glucose in the
portal vein (0), hepatic vein (0), and artery (a), in control (4) and
dexamethasone-treated (B) dogs.

min after oral glucose. The basal value in dexamethasone-treated
animals was 0.48+0.11 mU/kg per min, rising after oral glucose
to 2.51+0.62 mU/kg per min at 45 min. Neither in the basal
state nor at any time point after oral glucose were the values
significantly different between the control and experimental
groups.

Increments of net nonhepatic splanchnic insulin balance
above basal were 132+35 mU/kg per 3 h in control animals and
180+44 mU/kg per 3 h in dexamethasone-treated dogs. These
values were not significantly different.

The basal fractional hepatic extraction of insulin was 43+4%
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Figure 6. Net nonhepatic splanchnic insulin balance before and after
oral glucose in control (0) and dexamethasone-treated (0O) dogs.
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in the control dogs, significantly greater than in the steroid-treated
dogs (22+4%) (Fig. 7). After oral glucose administration, a similar
increase in fractional hepatic extraction occurred in both groups.
However, in view of their lower basal values, the increase re-
mained significantly less in the steroid-treated dogs than in the
control dogs at 10, 75, and 105 min.

Glucagon levels and balance. Basal plasma glucagon levels
were similar in the control and dexamethasone-treated dogs in
all three blood vessels: 337+44 and 395+106 pg/ml in the portal
vein; 265142 and 257+62 pg/ml in the hepatic vein; and 215+29
and 228+54 pg/ml in the femoral artery (Fig. 8). After oral glu-
cose administration, glucagon levels in the portal vein decreased
to a nadir of 146+34 pg/ml at 90 min. The suppression in the
steroid-treated dogs was slightly less, to a nadir of 214147 pg/
ml at 105 min. A similar trend was observed with the absolute
amounts reaching and leaving the liver. The fractional hepatic
extraction of glucagon was 14+6% and 22+4% during the basal
state, in the control and steroid-treated dogs respectively, and
did not change significantly throughout the experiments in either
group (data not shown).

Steady-state insulin infusion with euglycemic clamp studies.
As in the dogs treated with steroids for 2 d, 7 d of dexamethasone
significantly increased the basal arterial glucose levels (91+2 mg/
dl, as compared with 76+3 mg/dl in the controls) (Fig. 9). The
basal portal vein insulin levels were significantly higher in the
dogs treated with dexamethasone for 7 days (54+11 pU/ml as
compared with 21+5 pwU/ml before that treatment (Table I).
The arterial insulin levels were 215 and 8+4 uU/ml, respec-
tively. Basal net nonhepatic splanchnic insulin balance was
0.2+0.05 mU/kg per min in the control group. The value in the
experimental group (0.4720.12 mU/kg per min) was not sig-
nificantly different from the controls nor from the corresponding
basal balance in the dogs treated with dexamethasone for 2 d.
Isotopically estimated basal glucose appearance, 5.0+0.2 mg/kg
per min in the steroid-treated dogs significantly exceeded that
in the controls, 4.1+0.3 mg/kg per min (Fig. 8 B). During the
sequential infusion of insulin (1 mU/kg per min from 0 to 75
min and 2 mU/kg per min from 75 to 150 min), portal vein
insulin increased to 81+3 pU/ml and 13942 pU/ml in the ste-
roid-treated dogs and to 68+1 and 127+2 pU/ml in the control
study. The arterial levels increased to 39+1 and 65+2 pU/ml
and to 27+1 and 511 pwU/ml, respectively. The levels achieved
during both infusion periods were significantly higher in the

0r Oral Glucose

© @ p<0.05 vs. Basal
* p<0.05 vs. Control

HEPATIC EXTRACTION OF INSULIN (%)

1 ] ] 1
30 60 90 120

TIME (Minutes)

Figure 7. Fractional hepatic extraction of insulin before and after oral
glucose in control (0) and dexamethasone-treated (0) dogs.
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Figure 8. Plasma glucagon levels before and after oral glucose in the
portal vein (0), hepatic vein (O), and artery (), in control dogs (4) and
dexamethasone-treated (B) dogs.

dexamethasone-treated dogs than in the control group. However,
the increments above the respective basal values were not sig-
nificantly different. Significantly less glucose was infused after
dexamethasone treatment to maintain euglycemia than in the
control state (555+30 vs. 765+75 mg/kg per 150 min) (Fig. 9
A). Endogenous glucose appearance was suppressed more in the
control state, to —0.5+0.4 mg/kg per min at 150 min as com-
pared with 1.7+0.2 mg/kg per min after steroid treatment (Fig.
9 B). The increment in glucose disposal (amount infused — de-
crease in endogenous glucose output) above basal values during
the insulin infusion was greater in the control (383180 mg/kg
per 150 min) than in the dexamethasone-treated state (191+64
mg/kg per 150 min), despite lower arterial glucose concentration
in the control animals.

Discussion

The present studies provide additional evidence for insulin re-
sistance and diminished carbohydrate tolerance as a consequence
of steroid administration (1). Thus despite higher insulin con-
centrations in the portal vein and the periphery, plasma glucose
levels were higher in the dogs treated with dexamethasone for
both 2 and 7 d. While the incremental insulin response to oral
glucose was equivalent in the control and glucocorticoid-treated
dogs, the hyperglycemia persisted longer in the latter animals.
Finally, during the euglycemic clamp studies less glucose had
to be infused into the steroid-treated dogs to maintain their
plasma glucose level even though plasma insulin concentrations
achieved during the insulin infusion were somewhat higher than
those in the control animals. Despite the higher insulin levels,

1
100

ARTERIAL GLUCOSE (mg/dl)

GLUCOSE INFUSION
(mg/kg/min)

Rate (mU/kg/min)

B satin ]33 Infusi

0—0 Control (n=8)
O -0 Dexamethasone (n=8)
1 Glucose Infusion (Control)
™7 Glucose Infusion
(Dexamethasone)

§ Mean + SEM
B @ p<0.05 vs. Basal

% p<0.05 vs. Control

ENDOGENOUS GLUCOSE
PRODUCTION (mg/kg/min)

Py
1 1 1 1 & J
30 60 90 120 150 18!
TIME (Minutes)

Figure 9. Insulin infusion into the portal system with euglycemic
clamp. Rate of exogenous glucose infusion (4) and endogenous glu-
cose production (B) in control and dexamethasone-treated (2 mg/d for
7 d) dogs.

glucose disposal was diminished in the dogs treated with dexa-
methasone and hepatic glucose production was suppressed to a
lesser degree than in the control animals. Such results confirm
the previous observation that the insulin resistance of glucocor-
ticoid excess involves both reduced use of glucose and decreased
suppression by insulin of hepatic glucose output (2).

The peripheral insulin resistance has been attributed to post-
receptor defects, based on reduced insulin responsiveness (2).
Sensitivity has also been shown to be impaired, which suggests

Table I. Insulin Levels in Control and Dexamethasone-treated
Dogs before and during Insulin Infusion

Plasma insulin (xU/ml)

Control Dexamethasone-treated
Vessel Basal  Period I* Period IIf Basal Period I*  Period 11}
Portal vein 21+5 68+l 127+2 54+11 81x3 139+2
Artery 8+4 27+1 Si£l 21+£5  39+1 65+2

Dexamethasone was given orally (2 mg/d for 7 d). Values for dexa-
methasone-treated dogs are P < 0.05 vs. control values.

* Period I: the mean+SEM of five time points during the infusion of 1
mU/kg per min of insulin from 0 to 75 min.

1 Period II: the mean+SEM of five time points during the infusion of
2 mU/kg per min of insulin from 75 to 150 min.
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possible additional abnormalities of receptor binding (3). Sim-
ilarly, at the hepatic level, the insulin resistance could be due to
reduced insulin binding, or to intracellular events reducing the
effectiveness of the insulin-receptor complex. In the present
studies, hepatic insulin resistance was apparent in that during
the basal period net hepatic glucose production was not sup-
pressed in the dexamethasone-treated dogs despite significantly
higher portal vein insulin concentrations. Methyl prednisolone
has been shown to potentiate the ability of both epinephrine
(21) and glucagon (22) to increase hepatic glucose output. In
our studies epinephrine was not measured but glucagon levels
were similar in control and dexamethasone-treated animals.

The apparent increased absolute rate of glucose appearance
after 7 d of dexamethasone treatment as measured isotopically
may reflect further development of resistance as compared with
2 d of dexamethasone, or alternatively may simply reflect in-
creased futile cycling. Methyl prednisolone has been reported
to increase futile cycling in dogs (23) and [3-*H] glucose is subject
to this effect (24). Direct evaluation of the effect of glucocorticoid
administration on hepatic insulin receptors has produced varied
results. In cultured rat hepatocytes, dexamethasone stimulated
insulin receptor synthesis, and depending on the conditions used,
either inhibited or potentiated insulin action (25). However, ad-
ministration of ACTH or dexamethasone to rats significantly
decreased hepatic insulin receptor binding (26, 27), with some
indication that the effect was tissue specific (26). Rizza et al. (2)
found little change in insulin binding to erythrocytes or mono-
cytes after cortisol infusion for 24 h but a significant shift to the
right of the insulin dose response curve for suppression of hepatic
glucose production.

Dexamethasone treatment was associated with a significant
reduction in basal fractional hepatic extraction of insulin. This
represents the first time that we have observed any reduction in
basal fractional hepatic extraction of insulin. This does not ap-
pear to be a nonspecific effect because the fractional hepatic
extraction of glucagon was very similar to that which we have
previously reported (11). The reason for such lower fractional
hepatic extraction of insulin is unknown. Whereas the possibility
that fractional hepatic extraction of insulin may be related to
changes in portal vein blood flow has been considered (12, 28),
basal portal vein flow was not diminished in the dexamethasone-
treated dogs. It is possible that the reduced fractional hepatic
extraction of insulin reflects decreased insulin receptor number
or affinity (26, 27). Although hepatic extraction of insulin is not
the same as insulin degradation, with isolated hepatocytes, a
close relationship existed between total cell-bound insulin and
insulin degradation velocity (29, 30). However, Caro and Ama-
truda reported that after 1 wk of dexamethasone, isolated rat
hepatocytes exhibited increased insulin degradation, although
the relationship between degradation velocity and total bound
insulin persisted (31).

After oral glucose administration, the fractional hepatic ex-
traction of insulin significantly increased in the steroid-treated
dogs. The increase was very similar to that observed in the control
dogs but because it started from a lower basal value, the fractional
hepatic extraction was still lower compared with the control
dogs. The increased fractional hepatic extraction of insulin after
oral glucose is similar to what we have reported previously (12).
In contrast to those results, the increase in the dogs treated with
dexamethasone was not associated with the usual increase in
portal vein blood flow after oral glucose. This provides some
additional evidence that increased portal vein flow is not pri-
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marily responsible for the augmented fractional hepatic extrac-
tion of insulin (12, 25). These results are different from those in
which atropine administration inhibited both the increased portal
vein blood flow and augmented fractional hepatic extraction of
insulin after oral glucose (32). It is not known why oral glucose
failed to produce an increase in portal vein flow in the dexa-
methasone-treated dogs, similar to thse seen in the control group,
although this failure could be related to the smaller glucose ab-
sorption into the portal system.

Elevated insulin concentrations in conditions of glucocor-
ticoid excess are usually attributed to increase insulin secretion
in response to a rise in plasma glucose concentration (10). As
judged by net nonhepatic splanchnic insulin balance, dexa-
methasone treatment did not significantly increase insulin se-
cretion in these studies either in the basal state or after oral
glucose. Because basal arterial glucose levels were higher in the
dexamethasone treated groups, an increased secretion rate might
have been expected. It is possible that the increased stimulus to
secretion was opposed by a direct inhibitory effect of the corti-
costeroid at the B-cell level (4-9). The hyperinsulinemia observed
would appear to be more attributable in these dogs to the reduced
hepatic extraction of insulin than to an increased rate of secretion.

Administration of dexamethasone produced several other
changes in carbohydrate metabolism. The fraction of the oral
glucose ingested by the dogs that was released into the portal
vein was significantly less after 2 d of dexamethasone. The ex-
planation for this is not apparent although it could reflect di-
minished absorption of glucose from the gastrointestinal tract
or greater use of glucose by that tissue. The latter seems less
likely because the nonhepatic splanchnic glucose balance was
very similar in the basal state in both the steroid-treated and
control dogs. Although the absolute amount of glucose released
into the portal system was less in the dogs treated with dexa-
methasone, the fraction of glucose taken up by the liver was
greater. This is consistent with the observation that the net
splanchnic output of glucose was greater in the control dogs.
The finding that the incremental increase in fractional hepatic
extraction of insulin and hepatic uptake of glucose after oral
glucose were similar in the two groups does not necessarily in-
dicate a causal relationship between the two. The possible re-
lationship between fractional hepatic extraction of insulin and
hepatic glucose uptake has been discussed previously (12). The
increased hepatic uptake of glucose by the liver could reflect a
direct action of steroids on the deposition of glucose into gly-
cogen. Cortisol induced increased glycogen synthesis after glucose
feeding in rats (33) and activation of glycogen synthetase in mice
treated with prednisolone (34) has been reported. Although it is
now believed that hepatic glycogen synthesis is largely via three
carbon fragments rather than direct incorporation of glucose
(35), the effects of steroids on glycogen metabolism could be
independent of the pathway of synthesis. The effect could also
serve partially or totally to overcome reduced insulin receptor
function if such occurs with steroid treatment.
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