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Summary. In order to evaluate the role of glucagon in
blood glucose homeostasis in liver cirrhosis, ten nor-
mal subjects and ten cirrhotic patients were infused
with somatostatin (500 ug/h for 5h) with and with-
out glucagon (3 mg/kg/h) administration. Somatosta-
tin infusion brought about a fall in plasma glucose
both in normal (37%) and cirrhotic (41%) subjects
in the first 90 minutes. In normal subjects, this was
followed by a rise in plasma glucose (147 + 2 mg/dl
at 5h), while in cirrhotics no rise in plasma glucose
was observed (50 = 1mg/dl at 5h). Plasma insulin
and glucagon levels were suppressed in both normal
and cirrhotic subjects. Addition of glucagon to the
somatostatin infusion caused a two fold rise in plasma
glucose level to 183 £ 12mg/dl at 4 h in normal
subjects; a much smaller increase was found in the
cirrhotic group (105 = 3 mg/dl at 4 h). When the
infusion was stopped, plasma glucose fell both in
normal and cirrhotic subjects (102 = 14 and 87 * 2
mg/dl at 6h respectively). Subsequently, hyper-
glucagonaemia recurred in the cirrhotic patients (319
+ 31pg/ml). A rebound of plasma insulin was
observed in normal subjects (47 = 8 wU/ml) which
did not occur in the cirrhotics (16 £+ 2 uU/ml). Thus
when both insulin and glucagon were suppressed by
somatostatin infusion, euglycaemia occurred in cir-
rhotic subjects only when glucagon concentration
was restored exogenously. We conclude that gluca-
gon is important in glucose homeostasis in patients
with liver cirrhosis.
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The hypothesis that pancreatic glucagon plays an
important role in glucose homeostasis has been sup-
ported by studies with infusion of somatostatin [2, 7,

9, 15, 25], a powerful inhibitor of both insulin and
glucagon secretion [1, 2, 13, 17].

Hyperglucagonaemia is known to be present in
liver cirrhosis [11, 16, 18, 20, 22]; the effect and
importance of this with respect to metabolic regula-
tion is as yet not fully understood.

The present investigation was undertaken in
order to evaluate the contribution of glucagon to glu-
cose homeostasis in cirrhotic patients by studying
plasma glucose changes during prolonged somatosta-
tin infusion with and without administration of
glucagon.

Material and Methods

Two groups of subjects were studied, a control group of ten
healthy male volunteers aged 28-36, whose body weights were
within 15 per cent of the ideal value (Metropolitan Life Insurance
Tables, 1959) and a group of ten male non diabetic, non ascitic
cirrhotic patients aged 39-49 whose body weights, ranging from
53 to 68 kg (average 60 £ 7kg), 96 = 2% of ideal body weight.
The diagnosis of liver cirrhosis was confirmed by peritoneoscopy
and liver biopsy in every case. Characteristics of cirrhotic subjects
at selection are shown in Table 1.

All subjects were informed of the nature, purpose and possible
risks of the study and had given their consent to participate.

For at least one week before the test, the subjects were fed a
daily diet of about 3000 Calories with at least 280 g of carbohy-
drate. All tests were performed after an overnight fast. Catheters
were introduced into the antecubital veins of both arms, one for
drawing blood and the other for the infusion of somatostatin,
saline (0.154 mol/1) or glucagon. After baseline blood specimens
had been obtained over a 60 min period 250 pg of sterile synthetic
pyrogen-free cyclic somatostatin was injected; somatostatin infu-
sion was then continued at on hourly rate of 500 ug for 5h. In
addition, from the second to the fourth hour, all subjects were
infused with saline (0.154 mol/l) or glucagon (3 ng/kg/min) which
yielded plasma glucagon levels of approximately 300-350 pg/ml.
Blood specimens were drawn at 15-min intervals for the following
5h. Heparinized blood specimens for insulin assay were cen-
trifuged at 4 °C and subsequently frozen at —20 °C until assay; for
glucagon assay, 4 ml of blood were placed into chilled tubes con-
taining 0.2 ml of disodium edetate solution (1.2 mg/ml blood);
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Table 1. Laboratory values at selection in cirrhotic subjects. Normal ranges established for a large vgr:oup of physicians, laboratory personell

and nurses, none with any known disease

Fasting plasma Fasting

Alcoholic Oesophageal  Bilirubin Aspartate Albumin  Prothrombin Fasting
cirrhosis varices (umol/1) transaminase g/l time % glucose insulin glucagon
L. U mg/dl (IRI) yU/ml (IRG) pg/ml

1 + 26 36 16 56 91 20 323

2 + 52 20 32 62 92 . 18 254

3 + 38 54 40 58 101 16 264

4 - 46 51 29 70 86 8 198

5 + 16 26 18 65 89 34 340

6 + 57 64 20 50 94 12 126

7 + 24 38 22 58 87 44 364

8 + 63 70 36 78 88 21 304

9 - 38 66 32 70 93 20 258
10 - 44 50 24 38 78 24 228
Mean = SEM 405 48+5 2743 6343 90+2 22+3 266%23
Normal range 5-17 5-15 35-50 90-100 80-100 8-16 70-130

after centrifugation, the plasma was separated and frozen until
assay. Plasma glucose was determined by the glucose oxidase
method in a Beckman analyzer; plasma insulin (JRI) was esti-
mated radioimmunologically [12]; glucagon was measured
radioimmunologically with Unger’s 30 K antiserum [24].

Results are presented as means = SEM. Student’s t test for
unpaired data was employed for statistical analysis.

Results

Figure 1 shows the results obtained with somatostatin
and glucagon infusion in normal and cirrhotic sub-
jects.

Fasting plasma glucose levels were similar in both
groups (Table 2). In normal subjects after 90 minutes
of somatostatin infusion plasma glucose had fallen by
37% to 55 = 3mg/dl; the level then rose again
reaching 147 * 2 mg/dl at 5 hours. When somatosta-
tin was stopped, plasma glucose returned to normal.

Cirrhotic subjects showed a similar fall in plasma
glucose during the first 90 minutes (50 £ 3 mg/dl)
but thereafter plasma glucose levels remained low,
values differing significantly from those observed in
normal subjects (Table 2). Once the infusion was
stopped, plasma glucose concentration returned to
normal.

Basal plasma insulin values (Table 3) did not dif-
fer significantly between normal and cirrhotic sub-
jects; during somatostatin infusion, insulin levels
were markedly suppressed. Basal plasma glucagon
values (Table 4) were significantly higher in cirrhotic
patients as compared to normal controls (351 & 15 as
against 99 =+ 2 pg/ml; P < 0.001). After somatostatin
infusion, glucagon levels were markedly suppressed
and the difference between the two groups disap-
peared.

IV glucagon infusion (3 ng/kg/min) 2 hours after
the beginning of somatostatin infusion brought the

glucagon levels to 293 + 11 pg/ml in normals and
368 = 6pg/ml in cirrhotics respectively within 90
minutes. At the same time, a gradual rise in plasma
glucose was observed which after 120 minutes of
glucagon infusion reached 183 = 12 mg/dl in nor-
mals and 105 £ 3 mg/dl in cirrhotics (P < 0.001).
When glucagon was stopped, plasma glucose values
in cirrhotics dropped to a level significantly lower
than that of normal subjects (83 = 2 compared to
146 + 15 mg/dl; P < 0.001).

After somatostatin infusion was stopped, a fall in
plasma glucose was observed (120 + 14 mg/dl); in
the cirrhotic patients, basal plasma glucose values
were reached in about an hour (87 * 2mg/dl).
Plasma glucagon returned to basal values rapidly
both in normals and cirrhotics; this, in the latter led
again to a condition of hyperglucagonaemia (320 +
32 pg/ml). In normal subjects, an insulin rebound
was observed at 6 hours (47 + 8 uU/ml) contrary to
what was found in cirrhosis (16 = 2 uU/ml).

Discussion

The group of control subjects had a different mean
age than the cirrhotics but that did not seem to influ-
ence our results significantly. Berger et al. [4] stated
that plasma insulin levels did not change appreciably
with age. Plasma glucagon levels change slightly from
20 to 40 years of age and glucose shows variations of
1-2 mg/dl per decade.

It has been clearly established that glucagon plays
a physiological role in maintaining fasting eugly-
caemia in man [2, 5, 6, 9, 14, 15, 23]. Somatostatin
infusion initially lowers basal plasma glucose in nor-
mal and diabetic man and it is suggested that this
hypoglycaemic effect is a consequence of glucagon
suppression [8-10, 17]. This fall is a reflection of
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Table 2. Plasma glucose levels (mg/dl) before and after infusion with somatostatin (SRIF) (500 pg/h) + saline or glucagon (3 ng/kg/min)

in normal and cirrhotic subjects. Values are mean = SEM

Statistical significance (P < 0.01) between *A and B; "A and C; °A and D; 9B and C; °B and D; iC and D

Minutes —-30 0 15 30 45 60 90 120 150 180 210 240 270 300 330 360
Normals

(SRIF + 87 8 81 72 64 60 55 65 78 89 108 117 125 147 153 127
saline) +3 +3 +4 +4 £3 +£3 +3 4 +2 +2 +4 +7 +4 +2 +2 +4

A.

Normals

(SRIF + 87 83 78 70 64 60 55 67 90 1512 1672 1832 159 146 120 102
glucagon) =6 +6 £5 &6 4 +4 3 =7 +12 +16 +13 +12 +13 +15 +14 +14
Cirrhotics

(SRIF + 84 8 80 79 62 33 50 50 49 51bd 51bd 52b4 51bd 5004 81bd 87"
saline) +3 +2 44 +£2 £1 #+2 +3 +3 *1 *1.5 +2 +3 +2 +1 +3.5 +3

C.

Cirrhotics

(SRIF + 85 89 81 79 66 56 55 50°  96%t  100%ef 102¢4 10681 g5cef 83¢ef 112¢¢ 87¢
glucagon) *4 £2 *£4 1 £3 1 +3 02 =£2 +3 +4 +3 +4 +2 +3 *2

D.

Table 3. Plasma insulin levels (uU/ml) before and after infusion with somatostatin (SRIF) (500 pug/h) + saline or glucagon {3 ng/kg/min)

in normal and cirrhotic subjects. Values are mean £ SEM

Statistical significance (P < 0.01) between *A and C; PA and D; °B and C; 9B and D

Minutes =30 0 15 30 45 60 90 120 150 180 216 240 270 300 330 360

Normals

(SRIF + 17 16 7 5 4 5 4 4 6 5 5 5 3.5 4 47 47

saline) *1 +1 +0.5 =*1 +0.3 +0.5 +0.8 £09 =07 £02 =£0.8 0.8 04 0.3 +5 +9

A.

Normals

(SRIF + 14 15 9 6 4 3 3 4 5 3 5 5 3 4 48 30

glucagon) =*1 +1 +0.6 +1 +0.5 0.3 =04 =£0.6 +06 *02 +08 +08 +04 =02 +5 *5

B.

Cirrhotics

(SR}F + 20 22 10 7 4 4 5 4 3 4 4 4 5 4 24a¢ 163¢

saline) +1 +2 *1 +0.5 *1 +0.3 =1 *1 +0.7 0.3 =04 *0.5 *05 =1 *5 +2

C.

Cirrhotics

(SRIF + 20 21 11 8 6 5 5 4 3 3.5 5 5 4 5 2104 220
+2.5 +£1 *1 *1 +1 +1 +0.5 05 =1 +1 +0.5 £04 5 +5

glucagon) =*=3  £3

decreased splanchnic glucose output [3, 5, 6] mostly
due to a decline in glycogenolysis [25].
Somatostatin-induced hypoglucagonaemia elic-
ited the same effects in patients with cirrhosis, and
presumably glucagon plays a similar role in fasting
blood glucose homeostasis. In our studies, glycaemia
fell by 37% in normals and by 41% in cirrhotics du-
ring the first 90 minutes of somatostatin infusion.
When somatostatin and saline infusion was con-
tinued beyond two hours in normal subjects, plasma
glucose increased to hyperglycaemic values; when
the infusion was interrupted, blood glucose returned
to basal values. Somatostatin-induced hypergly-
caemia is the result of decreased glucose utilization
and return to normal [7] or even an increase [21] in

hepatic glucose production. In cirrhotic patients we
did not observe a rise in plasma glucose after the first
2 hours of somatostatin and saline infusion. This dif-
ferent plasma glucose pattern of cirrhotics, as com-
pared to normal subjects, may be accounted for by
the different concentration of metabolic substrates in
liver tissue. In cirrhosis, glucose output from the liver
is likely to depend on gluconeogenesis since the
hepatic glycogen stores are virtually exhausted [20].

The addition of glucagon to somatostatin infusion
in normal subjects enhanced the hyperglycaemic
effect of prolonged somatostatin infusion producing a
prompt twofold rise in plasma glucose due to
increased glucose production [21]. In cirrhotics, the
simultaneous infusion of somatostatin and glucagon
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Fig. 1. Effects of somatostatin (SRIF) infusion (500 pg/h) com-
bined with infusion of saline or glucagon (3 ng/kg/min) on plasma
glucose, insulin and glucagon in normal subjects and cirrhotic
patients, -------- SRIF + saline in normals; SRIF +
glucagon in normals; 000000 SRIF -+ saline in cirrhotics;
eeeee SRIF + glucagon in cirrhotics. Vertical lines represent
SEM values

from the 2™ to the 5™ hour brought about an increase
in plasma glucose which lasted throughout the exper-
iment but never reached the values observed in nor-
mal subjects. When the infusion was stopped, plasma
glucose fell. Various factors may be thought to con-
tribute to this response to glucagon in the cirrhotic
patients: reduced liver glycogen content, porta-caval
shunts which prevent the hormone from bringing its
full action to bear on the cellular mass, or possible
damage to liver glucagon receptors.
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Our findings in cirrhotics submitted to prolonged
somatostatin infusion show that when both insulin
and glucagon were suppressed to unmeasurable con-
centrations, euglycaemia occurred only when the
glucagon concentration was restored either exogen-
ously or endogenously after 5 hours of somatostatin
infusion.

Cirrhotic patients appear to lack the non-gluca-
gon-dependent mechanisms of blood glucose control.
In fact, the infusion of somatostatin alone did not
bring about the rise in blood glucose observed in nor-
mal subjects, whereas the subsequent infusion of
somatostatin and glucagon together had a hypergly-
caemic action, albeit to a lesser extent than in nor-
mals. Thus, hyperglucagonaemia appears to be an
active mechanism for the maintenance of blood glu-
cose levels in cirrhosis.
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