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Summary. The portal vein was catheterized via the 
umbilical vein under local anaesthesia in 10 non- 
diabetic subjects about to undergo exploratory 
laparotomy and in 8 patients with liver cirrhosis. 
Immunoreactive insulin (IRI) and glucagon (IRG) 
were assayed in portal and peripheral blood before 
and during IV infusion of glucose (0.33 g/kg) or 
arginine (25 g). Basal peripheral plasma (IRI) levels 
were raised in cirrhotic patients (19 + 2 versus 10 _+ 
I gU/ml; P < 0.001). Basal portal insulin values, 
however, did not differ in the two groups. After glu- 
cose cirrhotic patients had higher peripheral insulin 
concentrations, compared to controls, significant at 
45 and 60 minutes. In contrast portal insulin levels 
were higher in controls than in cirrhotics by 1 minute 
(403 + 43 versus 158 • 38 ~tU/ml; P < 0.001) and 
remained so for the 60 minutes of study. Similarly, 
after arginine cirrhotics had significantly higher 
peripheral insulin concentrations and lower portal 
concentrations than controls. Peak portal vein insulin 
levels were delayed in cirrhotics (168 __+ 16 ~tU/ml at 
3 min) compared with controls (413 + 25 ,uU/ml at 1 
min). In the basal state both portal and peripheral 
glucagon levels were higher in cirrhotics than control 
subjects. Unlike in controls, 1V glucose did not sup- 
press glucagon secretion in cirrhotic patients. 
Peripheral plasma glucagon concentrations after 
arginine were also consistently higher in cirrhotics 
than controls, but unlike insulin portal venous gluca- 
gon levels were also raised (1800 _+ 360 pg/ml, cir- 
rhotics; 960 _+ 87 pg/ml, controls; P < 0.001; 1 min 
after arginine infusion). We conclude that insulin se- 
cretion is decreased in liver cirrhosis and that the 
peripheral hyperinsulinaemia observed reflects 
diminished hormone metabolism. The high plasma 
glucagon levels observed in cirrhotic patients are the 
result of pancreatic hypersecretion of glucagon. 

Key words: Insulin, glucagon, portal blood, glucose, 
arginine, liver cirrhosis. 

Most studies of insulin secretion in normal and cir- 
rhotic subjects have determined peripheral plasma 
insulin concentrations on the assumption that 
changes observed peripherally reflected identical 
changes in pancreatic insulin secretion. However fac- 
tors other than secretion may influence peripheral 
insulin concentrations. The liver has been shown to 
be the major site of insulin breakdown; about 50% of 
thc insulin secreted by thc pancreas is broken in the 
liver at a single passage [13, 20, 22, 23, 29, 32, 33, 
35, 36, 38]. In liver cirrhosis this hepatic degradation 
of insulin may be influenced by parenchymal damage 
and portacaval shunts. In addition, the liver contri- 
butes to glucagon removal, [1, 17, 21, 26, 36], 
although the kidneys seem to be of major importance 
[27, 39]. Impaired hepatic function could therefore 
also influence plasma glucagon levels independent of 
glucagon secretion. Data concerning plasma insulin 
patterns in liver cirrhosis are conflicting: some 
authors have described insulin resistance associated 
with hyperinsulinism [2, 6, 8, 12, 24, 31, 37, 42] 
while others have shown reduced insulin secretion [9, 
16, 18]. On the other hand, there is a general agree- 
ment that glucagon levels are increased in cirrhotic 
patients both at basal conditions and after arginine or 
alanine [14, 30, 40, 41] administration. All these 
investigations have been performed on blood speci- 
mens drawn from a peripheral vein either in basal 
conditions or after a variety of stimuli. 

In the present study, insulin and glucagon were 
assayed in samples of portal blood, drawn via an 
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Table 1. Characteristics of cirrhotic patients. AST, aspartate aminotransferase 

Subject Age % ideal Glucose IRI IRG Plasma BSP 
body mg/100 ml gU/ml pg/ml bilirubin % 
weight grnol/1 

Plasma Plasma Prothrombin Portal 
AST Albumin time pressure 
I.U./1 g/1 % cm H20 

1 39 108 105 13 220 32 18 80 22 60 35 
2 47 101 97 25 210 65 16 87 39 71 26 
3 43 99 100 10 200 31 21 100 18 80 29 
4 59 104 73 25 375 67 27 70 35 59 90 
5 57 110 117 17 250 77 19 68 40 73 28 
6 55 108 96 24 350 56 28 94 29 65 48 
7 45 105 82 8 110 36 12 58 31 70 32 
8 49 107 85 18 285 82 15 68 25 68 40 

Mean 49 105 94 19 250 55 19.5 78 30 68 41 
cirrhotic _+2 _+2 +4 _+2 _+27 _+5 _+2 _+5 _+2.5 _+2 _+7 
value 
(_+ SEM) 

Mean 39 103 81 10 105 15 4.5 23 39 98 10 
control _+1 _+1 _+2 _+1 _+15 _+1 _+0.5 _+3 _+1 _+1 _+1 
value 
(_+ SEM) 

Table 2. Portal/peripheral vein insulin ratios (mean _+ SEM) for the integrated area under the curve above basal levels after glucose IV 
(0.33 g/kg) and arginine (25 g) in control (n = 10) and in cirrhotic subjects (n = 8). P* comparing portal/peripheral ratio of cirrhotics with 
controls 

Glucose 

Control Subjects Cirrhotic Subjects 

Minutes Portal area Peripheral area Ratio Portal area Peripheral area Ratio P* 

0-10 2003_+122 273_+ 18 7.4_+0.7 512_+ 72 169+_ 36 3.8_+0.8 < 0.025 
10-60 5 2 8 7 _ + 7 3 3  1062_+181 5.2_+1.1 1420-+151 1200-+112 1.1_+0.5 < 0.01 
0-60 6 2 9 1 _ + 5 3 3  1236_+180 5.8_+0.9 1 7 6 5 _ + 1 5 7  2500_+740 1.2_+0.7 < 0.001 

Arginine 

0-10 1938_+116 159_+ 19 13.4_+2.5 618_+ 55 267_+ 56 3.5_+1.2 < 0.005 
10--60 3487_+295 757_+ 94 5.0_+0.9 1 3 3 1 _ + 3 9 6  988_+334 2.1_+0.8 < 0.05 
0-60 5425_+278 916_+ 80 5.7_+1.1 1 9 4 9 _ + 3 1 4  1157_+266 2.8_+1.6 < 0.05 

umbilical vein catheter, and in peripheral blood, 
before and after glucose and arginine infusion, in 
order to establish whether portal measurements 
could give more accurate information concerning the 
pancreatic secretion of these hormones. 

Material and Methods 

Ten non-diabetic subjects (4 females) aged 33 to 57, 103 + 1 
(mean + SEM) % ideal body weight, who were about to undergo 
abdominal surgery, were selected as controls; 2 had gastric ulcera- 
tion, 2 had gastric carcinoma, 6 had calculous cholecystitis. Fasting 
blood glucose levels, oral glucose tolerance and liver function tests 
were normal. All treatment was discontinued during the 48 hours 

preceding the test; exploratory laparotomy confirmed the absence 
of liver metastases in patients with gastric carcinoma. The patients 
were not anaesthetized when the catheter was inserted into the 
umbilical vein although some had received 5 mg valium prior to 
the procedure. Eight subjects (2 females) with alcoholic cirrhosis 
were studied. Weight was 105 + 2% ideal body weight; none had 
ascites; none was diabetic; their ages varied from 36 to 58 years. 
All patients had normal plasma urea nitrogen, creatinine and 
radionephrography. The diagnosis of cirrhosis was based on 
laboratory findings and on the appearance of a hobnail liver during 
laparoscopy; diagnosis was confirmed by histology. Subjects were 
hospitalized at the Istituto di Patologia Medica, Catholic Univer- 
sity, Rome. They were informed of the purpose of the investiga- 
tion and had given their consent. 

Table 1 summarizes the characteristics of cirrhotic patients. 
For at least one week before the test, the subjects were fed a daily 
diet of about 3000 calories with at least 280 g carbohydrate. After 
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Fig. 1. Immunoreactive plasma insulin (IRI) (mean + SEM) in the 
portal vein of controls (o . . . .  o) and of cirrhotics (e . . . .  e) and in the 
peripheral vein of controls ( o - - o )  and of cirrhotics ( .  o), 
after IV glucose (0.33 g/kg) 
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Fig. 2. Immunoreactive plasma glucagon (IRG) (mean _+ SEM) in 
the portal vein of controls (o . . . .  o) and of cirrhotics (e . . . .  e) and in 
the peripheral vein of controls ( o - - o )  and of cirrhotics ( e - - e ) ,  
after IV glucose (0.33 g/kg) 

Table 3. Portal and peripheral plasma glucose (mg/100 ml) (mean 
+ SEM) during and after arginine infusion (25 g) in control (n = 
10) and cirrhotic subjects (n = 8) 

Control Subjects Cirrhotic Subjects 

Time (min) Portal Peripheral Portal Peripheral 
vein vein vein vein 

Baseline 81+3 75_+4 91+4 83+4 
after 
arginine 

1 87-+4 76__+6 86+5 86__+5 
3 88-+3 77-+5 90+5 85__+4 
5 87__+3 78+4 92-+5 89+4 

10 89__+2 82-+3 94_+5 92+3 
15 83_+4 88_+4 93+4 90_+5 
30 86_+4 87_+3 94_+4 88_+3 
60 87_+5 85_+5 88_+4 88_+3 

an overnight fast, they were taken to the operating theatre and 
prepared as for a laparotomy. An extraperitoneal median abdomi- 
nal incision was made under 1% xylocaine local anaesthesia to 
expose the umbilical vein, and a central venous pressure catheter 
(Abbott) was introduced under fluoroscopy into the left branch of 
the portal vein immediately beyond its point of entry into the liver. 
Throughout the test, the catheter was maintained patent with 
0.154mol/1 saline. A second catheter for the drawing of blood 
specimens was inserted into the median antecubital vein and also 
kept patent with 0.154 mol/1 saline. 

After basal blood specimens had been obtained from both the 
portal and antecubital veins, patients were given an 1V infusion of 
glucose (0.33 g/kg in 2 min) or of arginine (25 g in 30 min). Blood 
samples were drawn at 1, 3, 5, 10, 30, 45 and 60 minutes. 
Heparinized blood specimens for insulin assay were centrifuged at 
4:C, frozen and stored at - 2 0  until assay. For glucagon assay, 
4 ml of blood were collected into chilled tubes containing 2000 U 

of aprotinin (10,000 K.I.U./ml) and 0.2 ml of 2.4 g/100 ml ethy- 
lenediaminetetracetic acid disodium (EDTA) (1.2 g/1 blood); after 
centrifugation the plasma was separated and frozen until assay. 

Plasma glucose was determined enzymatically with a Beckman 
analyzer. The fractional clearance rate for glucose (Ks) was calcu- 
lated according to the method of Conard et al. (7). Plasma insulin 
(IRI) was estimated by radioimmunoassay (23). Glucagon (IRG) 
was measured by radioimmunoassay with the 30 K antibody of 
Unger (43). Sensitivity of the assay was about 25 pg/ml; an intras- 
say coefficient of variation of 11% and an interassay variation of 
15% was obtained at 150 pg/ml. 

During the test, portal pressure was measured manometrically; 
values below 15 cm H20 were considered normal. 

Data are presented as the mean _+ SEM. Results were evalu- 
ated by Student's unpaired and paired t tests. 

Results 

A l l  c i r r h o t i c  p a t i e n t s  h a d  h i g h  p o r t a l  v e i n  p r e s s u r e  
(41 _+ 7 c m  H 2 0  ). 

Intravenous Glucose Tolerance Tests 

A f t e r  I V  i n j e c t i o n  of  g l u c o s e  (0 .33  g / k g )  f r a c t i o n a l  

c l e a r a n c e  r a t e  was  l o w e r  in c i r r h o t i c  p a t i e n t s  (0 .67  +_ 

0.20% / m i n )  t h a n  in n o n - c i r r h o t i c  sub j ec t s  (1 .91  + 
0 . 1 8 % / m i n ;  P < 0 .001) .  

G l u c o s e  space  was  i n c r e a s e d  in c i r r h o t i c  p a t i e n t s  
(c i r rhot ics ,  15.2  + 1.2;  con t ro l s ,  9 .9  _+ 0 .2 ;  P < 
0 .001) .  

T h e  insu l in  p a t t e r n  in c i r rho t i c s  was  d i f f e r e n t  
f r o m  tha t  of  t h e  c o n t r o l s  (Fig.  1). P e r i p h e r a l  insu l in  

l eve l s  w e r e  s ign i f i can t ly  h i g h e r  in t h e  c i r r h o t i c  g r o u p  

at 45 (P < 0 . 0 0 1 )  a n d  60  (P < 0 . 0 0 1 )  m i n u t e s .  P o r t a l  
insu l in  c o n c e n t r a t i o n s  in c i r r h o t i c  p a t i e n t s  w e r e  
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Fig. 3. Immunoreactive plasma insulin (IRI) (mean • SEM) in the 
portal vein of controls (o . . . .  o) and of cirrhotics (r . . . .  e) and in the 
peripheral vein of controls ( o - - o )  and of cirrhotics (e o), 
after arginine infusion (25 g in 30 min) 
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Fig. 4. Immunoreactive plasma glucagon (IRG) (mean • SEM) in 
the portal vein of controls (o . . . .  o) and of cirrhotics (e . . . .  o) and in 
the peripheral vein of controls ( o - - o )  and of cirrhotics ( e - - e ) ,  
after arginine infusion (25 g in 30 min) 

lower than in controls. This is expressed as area 
under the insulin curve in Table 2. Portal: peripheral 
insulin ratios were consistently lower in cirrhotic sub- 
jects than controls. There was no significant correla- 
tion between peripheral vein insulin concentration 
and portal pressure. 

Figure 2 shows the portal and peripheral vein 
IRG response to a 2-minute glucose infusion. Portal 
IRG values were higher than those in peripheral 
plasma in both groups. Basal plasma glucagon con- 
centration was higher in cirrhotic than control sub- 
jects both in portal (385 _+ 76 versus 250 + 65 pg/ 
ml; N.S.) and peripheral venous blood (250 + 27 
versus 105 _+ 15 pg/ml; P < 0.001). A rapid decrease 
in portal and peripheral vein IRG concentrations 
occurred during glucose infusion in normals but not 
in cirrhotic subjects. 

Arginine Tolerance Tests 

Portal vein glucose concentration (Table 3) did not 
change with arginine infusion in controls and cir- 
rhotics. Peripheral plasma glucose concentration 
rose, however, in controls (P < 0.0005, paired t test), 
but not in cirrhotic subjects. 

Figure 3 shows the portal and peripheral vein 
insulin responses to a 25 g arginine infusion in 30 
minutes. In control subjects basal portal vein insulin 
concentration was four times higher (41 _+ 5 ,uU/ml) 
than in the peripheral vein (10 + 3 ~tU/ml) while in 
cirrhotics basal portal concentration was only twice 
as high (36 + 2 ~tU/ml versus 19 +_ 4 ~tU/ml). Peak 

portal vein IRI concentration was reached more 
rapidly (1 rain) in controls (413 + 25 gU/ml) than in 
cirrhotics (3 min) (168 + 16 ~tU/ml); peak peripheral 
IRI levels were attained within 3 minutes in both 
controls (31 + 2 ~tU/ml) and cirrhotics (57 _+ 8 ~tU/ 
ml). Portal insulin concentrations in cirrhotics were 
significantly lower than in controls (P < 0.01, paired 
t test); whereas, peripheral insulin levels were higher 
in cirrhotics than in controls (P < 0.0005, paired t 
test). 

Table 2 shows the portal to peripheral insulin 
ratios for the integrated area under the curve. Again 
the portal: peripheral insulin ratio was consistently 
lower in cirrhotics than in control subjects. 

Figure 4 illustrates the portal and peripheral vein 
IRG response to arginine. In controls, basal portal 
venous IRG values were 46% higher than peripheral. 
The peak portal vein IRG concentration was reached 
rapidly i.e. within one minute (1026 + 208 pg/ml) 
and subsequent peripheral vein IRG concentrations 
were one half to one third of the portal values. Basal 
plasma glucagon was raised in cirrhotics compared 
with controls both in the portal (395 _+ 40 versus 210 
_+ 36 pg/ml; P < 0.005) and peripheral veins (350 _+ 
37 versus 98 _+ 13 pg/ml; P < 0.001). After arginine, 
the portal vein glucagon peak also occurred within 
one minute in cirrhotics (1800 + 360pg/ml) and 
portal IRG levels remained high throughout the 60 
minutes of the test. Peripheral venous plasma gluca- 
gon concentrations in cirrhotic patients, as in con- 
trols, were 50% of those found in the portal vein. 
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Discussion 

Insulin concentrations are higher in the portal  than in 
the peripheral  circulation in normal  man  and animals 
[3-5,  11, 25, 28, 34]. The liver is a major  site of 
insulin b reakdown and it has been  suggested that up 
to 50% of secreted insulin is degraded in a single 
transhepatic passage [13, 20, 22, 23, 29, 32, 33, 35, 
36, 38]. Peripheral  insulin concentrations therefore 
reflect a balance between insulin secretion and 
degradation and peripheral  hyperinsulinaemia may  
result not only f rom increased insulin secretion, but  
also f rom diminished degradation. 

Other  workers  have shown elevated peripheral  
insulin levels in chronic liver disease [2, 6, 8, 12, 14, 
24, 31, 37, 42] and this is confirmed in our  study. 
Direct  measurement  of portal  and peripheral  venous 
insulin concentrations in our control and cirrhotic 
patients gives more  direct information about  insulin 
secretion than peripheral  insulin measurement  alone. 
Our  finding of decreased portal  concentrations 
despite peripheral  hyperinsulinaemia after glucose 
and arginine in the cirrhotic subjects, suggests that 
high peripheral  insulin concentrations are the result 
of diminished insulin metabol ism by the diseased 
liver. This may  result f rom parenchymal  damage  
itself or portal  systemic shunting of blood. 

Support  in favour of this hypothesis comes f rom 
the work of Johnston et al., with simultaneous insulin 
and C-pept ide  measurements  in cirrhotic subjects 
[18] and patients with longstanding portal  venous 
block [19]. Their  data suggests that parenchymal  
damage may  be more  important  than portal  systemic 
anastomosis and this is also suggested by the lack of 
correlation in our cirrhotics between peripheral  insu- 
lin levels and portal  pressure. 

The low portal  insulin concentrations suggest that 
the pancreas  in cirrhotic patients is under-secreting 
insulin despite peripheral  hyperinsulinaemia. Insulin 
secretion in response to arginine was delayed as well 
as decreased. This is also seen in early diabetes mel-  
litus [10] and further suggests a pancreatic defect. 
The nature of this pancreatic abnormali ty  is uncer- 
tain. 

Glucagon in normal  man and animals is also 
degraded by the liver [1, 17, 21, 26, 36], but substan- 
tial glucagon metabol ism occurs in other  tissues, par-  
ticularly the kidney [27, 39]. High glucagon concen- 
trations in peripheral  blood of patients with chronic 
liver disease have been  demonst ra ted  by other work-  
ers [14, 30, 40-42]  with values highest in those with 
known portal  systemic anastomoses [30, 42]: This is 
again confirmed in our study, but, unlike insulin, por-  
tal glucagon concentrations were  also raised, suggest- 
ing hypersecretion of the hormone.  Without  meas-  

urement  of portal  blood flow, it is not possible to 
comment  on the efficiency of hepatic glucagon degra- 
dation. A recent study of Sherwin et al. [40] however,  
has demonstra ted  a normal  metabolic clearance rate 
of glucagon in chronic liver disease, despite 
peripheral  hyperglucagonaemia.  This supports our 
conclusion that a true hypersecretory state exists for 
glucagon. 
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