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Summary. The serum of patients with liver cirrhosis 
inhibits glucose utilization in rat diaphragm. Inhibition 
is not caused by increased glycogenolysis or decreased 
glycogen synthesis. Lactate production and fructose utili- 
zation are not changed, indicating that the inhibition of 
glucose utilization is localized at the level of transmem- 
brahe transport of glucose or at the level of hexose phos- 
phates. The inhibitory activity of cirrhotic serum, frac- 
tioned by gel filtration moves with peptides and amino- 
acids, excluding the significance of FFA and of growth 
hormone. 

.Mgtabolisme anormal des hydrates de carbone chez des 
malades avee cirrhose du foie : dtude in vitro 

Rdsumd. Le sdrum des malades avee cirrhose du foie 
emp~che l'utilisation de glucose dans le diaphragme du 
rat. L'inhibition n'est pas provoqude par une augmenta- 
tion de la glycogdnolyse ou une r6duction de la synthbse 
du glycogbne. La production de lactate et l'utilisation de 
fructose ne changent pas, ce qui signifie que l'inhibition 
de l'utilisation de glucose reste loealisde au niveau du 
transport de glucose ~ travers la membrane ou bien au 
niveau de l'hexose phosphate. L'activit6 inhibitrice du 

sdrum eirrhotique fractionn6 par filtration sin" gel se dd- 
place avee des peptides et des acides aminds, ce qui exclue 
le r61e des acides gras libres et de l'hormone de croissance. 

Gest6rter Kohlenhydratmetabolismus bei _Patienten mit 
Leberzirrhose : Eine in-vitro Studie 

Zusammenfassung. Serum yon Patienten mit Leberzir- 
rhose vermindert die Glucosutilisation am Diaphragma 
der Ratte. Diese Verminderung wird nicht durch eine er- 
hShte Glykogenolyse oder eine verminderte Glykogen- 
synthese verursacht. Die Lactat- und Fructoseutilisation 
werdeu nieht ver~ndert, was daraufhin deutet, daiS die 
Verminderung der Glucoseutilisation auf dem Niveau des 
Membrantransportes der Glucose oder auf dem l~iveau des 
Hexosephosphats liegen muiS. Die Hemmaktivit~t des 
Cirrhoseserums wandert bei einer Sephadexgelchromato- 
graphic mit Peptiden und Aminos~uren, was einen Ein- 
fluiS der freien Fetts~uren und des YVachstumshormons 
ausschlieist. 

Key words: Liver cirrhosis, carbohydrate metabolism, 
serum fraetionation, glucose utilization in muscle, free 
fatty acids, peptides. 

A great number of patients with liver diseases 
suffer from abnormal glucose tolerance [4, 14]. De- 
creased glucose utilization at the periphery was de- 
monstrated repeatedly [3, 8, 4, 1] and the participation 
of muscle in this decrease was shown by measuring 
glucose uptake in the forearm of the cirrhotic patients 
[9]. 

Several factors were proposed to decrease peri- 
pheral glucose uptake in patients with liver diseases: 
1. Decreased glucose production in liver is counterba- 
lanced by the decreased glucose uptake in muscle [1]. 
2. Decreased utilization of various metabolites in liver 
causes their accumulation and preponderant utiliza- 
tion in muscle [9]. 3. Insulin resistance reflects in de- 
creased glucose utilization in muscle. The resistance 
may be caused either by the lack of insulin synergists, 
such as potassium [13, 2], uridine and cytidine [7], or 
by the accumulation of insulin antagonists, such as 
free fat ty acids [8, 13, 10, 11] and growth hormone [16, 
13]. 4. Insulin may be more closely bound to plasma 
constituents leading to the loss in biologic activity [4]. 

I t  would be rather complicated to study the signifi- 
cance of these, as well as other factors participating in 
abnormal carbohydrate metabolism, in vitro. There- 
fore, an in vitro technique was elaborated, which 

enables comparison of glucose utilization by rat  hemi- 
diaphragm incubated in cirrhotic serum with that  
found in hemidiaphragm incubated in control serum. 
This technique enables us to study the effect of modu- 
lators present in serum and excludes thesignificance 
of intracellular factors. This technique was found 
to be fruitful in the study of abnormal carbohydrate 
metabolism in uraemia [5, 6]. 

Material and Methods 

Study was performed with blood samples obtained 
from eight patients with fiver cirrhosis, established by 
laparoscopy and liver biopsy. Their pertinent labora- 
tory data are given in Table 1. All but  one had abnor- 
mal glucose tolerance tests, none of them was diabetic. 
Control blood samples were obtained from normal 
volunteers, with normal physical and laboratory 
findings. 

Blood samples were collected in the morning after 
an overnight fast and allowed to stand for 30 min at 
room temperature before centrifugation. The separated 
serum was diluted with an equal volume of Ringer 
bicarbonate, containing 5 mlVI glucose. Diluted sera 
were used for incubation as media. 
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Table 1. Clinical diagnosis and pertinent laboratory data of patients at the time of the study 
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Patient  age sex diagnosis serum potassium alkali BSP glucose blood 
No. albumin mE/1 reserve retention tolerance ammonia 

g/100 ml 45 rain test Fg/100 ml 

1 67 m cryptogenic 
cirrhosis 
splenorenM 
shunt-PSE 2.5 5.0 18.0 70.0 abnormal 200.0 

40 m postnecrotie 
cirrhosis 
portal  hyper- 
tension, splenec- 
tomy-PSE 3.5 4.2 18.0 36.6 abnormal 170.0 

48 m cryptogenic 
cirrhosis portal  
hypertension 2.8 4.4 18.0 7.0 normal 120.0 

48 m eryptogenie 
cirrhosis portal  
hypertension, 
splenectomy 3.1 3.9 22.0 18.3 abnormal 104.0 

57 m alcoholic 
cirrhosis portal  
hypertension 3.2 3.5 22.0 24.1 abnormal 79.0 

51 f postnecrotic 
cirrhosis portal  
hypertension, 
uraemia 3.3 3.4 14.0 18.8 abnormal 

57 m alcoholic 
cirrhosis 3.1 3.7 26.7 abnormal 

53 m alcoholic 
cirrhosis 3.4 4.7 19.0 17.6 abnormal 

Gel f i l tration: 1.5 ml of serum was fraetioned by  gel 
filtration on a 35 • 2 cm column packed with Sephadex 4 
G-25 (Pharmacia Fine Chemicals). The column was o ~ 
eluted with a solution of 0.03 3I ammonium acetate. 
200 ml of effluent solution was collected in 4.0 ml 
fractions using an automatic  fraction collector. On the ~ 2 
basis of the absorption pat tern  at  280 nm the effluent 
solution was separated into four different fractions ~: 
(Fig. 2). The fractions, resembling 10.5 ml of serum ~.~ 0 
were lyophilized. The lyophilized powder was dissolved ~"  
in 21 ml of Ringer bicarbonate containing 5 mM glu- 
cose, which was used as medium for the incubation of ~ 2 
ra t  hemidiaphragms. ~- tD 

Incubation: Diaphragms were obtained from male 
Wistar  rats, 120-- 150 g weight, last fed 20 h before the o 
experiment. Rats  were decapitated, their diaphragms ~ 4 
removed and immediately chilled in isotonic saline. 
I Iemidiaphragms were incubated in cirrhotic or con- 
trol sera alternatively at  37 ~ C in a Dubnoff apparatus  
in an atmosphere of 95% 02--5 % CO s . After the in- 
eubation the diaphragms were removed and weighed. 
Glycogen concentration in diaphragm was determined 
by  the anthrone method [14] after two precipitations 
with ethanol. Glucose and lactate were determined 
enzymatically b y  Boehringer commercial kits. Fruc- 
tose was determined b y  the method of Kulka [12]. 
Analyses were performed in duplicate. 
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Fig. 1. The effect of cirrhotic sera on the utilization of 
glucose and glycogen and the production of lactate 

�9 Results 

Rat  hemidiaphragms incubated in sera obtained 
from cirrhotic patients utilized less glucose than  those 
incubated in control sera (Fig. 1). One of the most 
important  pathways interfering with glucose uptake 
is glyeogenolysis and glycogen synthesis. In  both con- 
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trol and cirrhotic sera the diaphragms broke down 
glycogen (Fig. t). But  glyeogenolysis represented only 
10 percent of the amount  of utilized glucose and was 
similar both in cirrhotic and control sera. Therefore, 
glycogenolysis did not explain the difference in glucose 
uptake. 

A great par t  of the utilized glucose was metabo- 
lized to lactate. However, no significant difference was 
found in lactate synthesis in control and cirrhotic sera 
(Fig. 1). Therefore, it was proposed tha t  the metabolic 
block is localized at  the level of glycolysis. To prove 
this proposal and to localize the block more exactly, 

Tab le  2. _Fructose ut i l izat ion by rat d iaphragm incubated in  
cirrhotic and  control sera. Sera were di luted with  the same 
volume of t~inger bicarbonate wi th  did  not contain glucose, 

but i ts  fructose concentration was 20 m M  

Control sera Cirrhotic sera 

mg fructose/g tissue/h 

a 5.02 ~: 0.326 (7) 4.61 :J: 0.330 (7) 

a a r i t h m e t i c  m e a n  ~ S.E.M. ( n u m b e r  of sera)  
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Fig. 2. Elution pattern of sera and the inhibitory activity 
of its fractions on the utilization of glucose. The results of 
glucose utilization are expressed in relative values, the 

control values being made 100 per cent 

the utilization of fructose, which enters the glycolytic 
chain at  the level of trioses, was measured. To exclude 
the significance of diffusion into the diaphragm, the 
concentration of fructose was increased to 20 raM. I t  
was found (Table 2), that  cirrhotic sera did not inhibit 
the utilization of fructose. On the basis of these results 
the block in glucose uptake can be localized a t  the 

level of t ransmembrane transport  of glucose or at  the 
level of hexose phosphates. 

The exact site of the metabolic block was not 
studied further because of the complex nature of 
serum which was used for the incubation of hemidia- 
phragms. I t  was supposed that  before any exact studies 
were to be performed, the inhibitor should be defined 
and eventually isolated and used in a pure state. 

The feature of the inhibitor: Cirrhotic and control 
sera were fractioned by gel filtration on a column of 
Sephadex G25. After the fraetionation four fractions 
were collected (Fig. 2): 

Fraction 1, which contained proteins, as confirmed 
by the deproteinizing agents, staining with bromphenol 
blue and with the mobili ty of the purified albumin. I t  
contained also free fa t ty  acids, adsorbed to albumin or 
other proteins. This fraction prepared from the cirrhotic 
sera did not inhibit glucose utilization significantly 
when compared with the fraction 1, prepared from 
control sera. 

Fraction 2 contained peptides and at  the end of the 
peak also amino acids as confirmed by  the ninhydrin 
staining and the mobility of Octapressine, Vasopres- 
sine (Sandoz), phenylalanine and glycine. The fraction 
prepared from the cirrhotic sera inhibited significantly 
glucose utilization when compared with the same frac- 
tion prepared from normal sera. 

Fractions 3 and 4 containing undefined' substances 
had no significant effect on the glucose utilization. 

Discussion 

Two kinds of factors could participate to the in- 
hibition of peripheral glucose utilization in liver 
diseases: 1. Intracellular factors, i.e. potassium deple- 
tion, intraeellular acidosis etc. The significance of 
these factors was excluded in this study, because the 
hemidiaphragms were taken from normal rats and the 
hemidiaphragms were incubated alternatively in con- 
trol and cirhotic sera. 2. Extracellular factors distri- 
buted in extracellular fluid and blood. These inhibitors 
were studied by this technique. On the basis of the 
presented results one can conclude tha t  a factor is de- 
tectable in the serum of cirrhotic patients inhibiting 
glucose utilization. 

The significance of FFA, which were suspected to 
be responsible for the decreased glucose utilization in 
liver diseases [8, 13, 10, 19] was excluded: They move 
with fraction 1, while the inhibitory activity was re- 
stricted to fraction 2. Moreover, even the significance 
of growth hormone [16, 13] seems to be excluded: I t s  
molecular weight determines its mobili ty in fraction 1. 
However, an effect produced by  growth hormone frag- 
ments cannot  be excluded. 

On the basis of the fractionation s tudy i t  can be 
concluded tha t  the molecular weight of the inhibitor 
is less than  5000. Itowever, the lower limit of the mole- 
cular weight cannot be proposed. The substances with 
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molecular  weight  less t h a n  1000 were no t  s epa ra t ed  
under  the  condi t ions  used. W e  suggest,  t h a t  the  in- 
h ib i to r  is of pep t ide  na tu re .  I t  is su i table  for isola t ion 
b y  ion-exchange  c h r o m a t o g r a p h y  or  h igh-vol tage  
electrophoresis .  Of course, a n y  fur ther  discussion on 
i ts  na tu r e  and  mode  of ac t ion  would  be frui t less  un t i l  
i t  has  been  isola ted.  

Only  pa t i en t s  wi th  l iver  cirrhosis were inc luded  in  
th is  s tudy .  W e  would  no t  l ike to  suggest  b y  th is  selec- 
t ion  of pa t ien t s ,  t h a t  special  i nh ib i to r  is suspected  in  
l iver  cirrhosis.  I t  is p robable ,  t h a t  the  same inh ib i to r  
is p resen t  in  pa t i en t s  w i th  o ther  l iver  diseases wi th  
a b n o r m a l  glucose to lerance.  However ,  i t  is possible,  
t h a t  o ther  fac tors  m a y  in ter fere  in different  cl inical  
ent i t ies .  This  was the  reason for the  select ion of pa -  
t i en ts  w i t h  l iver  cirrhosis.  
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