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Alterations in insulin and glucagon levels might account for the plasma amino acid imbal- 
ance of cirrhotics. In order to verify this hypothesis we evaluated basal insulin, glucagon, 
branched-chain amino acids, aromatic amino acids, and free tryptophan in 13 controls 
and37 cirrhotics divided on the basis of  their mental state; in 4 patients the hormonal and 
amino acid patterns were sequentially studied during various stages of encephalopathy. 
Glucagon is high in cirrhotics and progressively increases with the worsening of  the men- 
tal state. Free tryptophan and aromatic amino acids show a similar behavior and signifi- 
cantly correlate with glucagon levels (r = 0.67 and r = 0.81, respectively). On the other 
hand insulin levels, which are high in eirrhotics without encephalopathy, fall in the pres- 
ence of  deep coma. Insulin did not correlate with any of the plasma amino acids consid- 
ered. Our data suggest that the catabolic state associated with increased glucagon levels 
may account for some of  the alterations in the plasma amino acid profiles of  cirrhotics. 
Portal-systemic shunting does not seem to be the common cause of both hyper- 
glucagonemia and hyperaminoacidemia. Decreased branched-chain amino acid levels 
may be related to factors different from those involved in the alterations of carbohydrate 
homeostasis. 

In cirrhotic subjects a distinctive pattern of plasma 
amino acids (AAs) has been observed, including 
high levels of both free tryptophan and aromatic 
AAs (phenylalanine and tyrosine) and low levels of 
branched-chain AAs (valine, isoleucine, and leu- 
cine) (1-5). This AA imbalance has been related to 
the inability of the liver to remove amines from por- 
tal blood as well as to alterations in carbohydrate 
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homeostasis secondary to the liver failure itself (6), 
since the liver is the key organ in carbohydrate me- 
tabolism. 

In advanced liver cirrhosis a remarkable increase 
in glucagon levels has been demonstrated (7), main- 
ly when portal-systemic shunting is present (8). In 
spite of increased insulin levels (9), the insulin/ 
glucagon molar ratio is decreased (10); this reduced 
ratio may be assumed to be a marker of a catabolic 
state characterized by enhanced gluconeogenesis 
from different sources, mainly amino acids (11). 
Soeters and Fischer proposed that under the cata- 
bolic stimuli of hyperglucagonemia and low insulin/ 
glucagon ratios AAs could be released from the lean 
body mass or from the liver itself. Aromatic AAs 
(AAA), which could not be metabolized by the fail- 
ing liver, would accumulate while branched-chain 
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AAs (BCAA) could be used as energy sources for 
gluconeogenesis in organs and tissues different from 
the liver (6). 

In order to verify this hypothesis  we decided to 
evaluate, at the same time, plasma AA profiles as 
well as insulin and glucagon levels in different 
groups of cirrhotic patients. In the present paper we 
give evidence that some of the alterations in plasma 
AA profile of cirrhotics, with different grades of en- 
cephalopathy,  significantly correlate with the hy- 
perglucagonemia and the reduced insulin/glucagon 
ratio. 

MATERIALS AND METHODS 

Patients. Thirteen controls and 37 cirrhotic patients 
were studied. Control subjects (10 males and 3 females; 
median age 45 yrs, range 28-65) had normal liver and re- 
nal function tests and no previous history of liver dis- 
orders. In cirrhotics the diagnosis was based on clinical 
and laboratory data and had previously been documented 
by percutaneous liver biopsy and/or laparoscopy. The pa- 
tients were divided into the following three groups ac- 
cording to their mental state as suggested by Lain et al 
(12) on the basis of clinical examination only, without the 
aid of EEG or tests for constructional apraxia: 

Group 1 comprised 14 patients (9 males and 5 females; 
median age 53 yrs, range 34-69) with normal mental state; 
5 had HBsAg + postnecrotic cirrhosis (PNC), 5 had alco- 
holic cirrhosis (AC), and 4 cryptogenic cirrhosis (CC). All 
patients had normal renal function tests. 

Group 2 included 14 patients (10 males and 4 females; 
median age 51 yrs, range 36-71) with encephalopathy 
grade I-II; 4 of them had PNC, 6 AC, and 4 CC; 9 patients 
were on diuretic treatment and in 2 of them creatinine 
levels exceeding 1.5 mg/dl were also present. 

Group 3 comprised 9 cirrhotics (2 PNC, 5 AC, and 2 
CC) with encephalopathy grade III-IV; 6 were males and 
3 females; their median age was 56 yrs (range 41-71). In 5 
patients renal failure was present. The precipitating cause 
of encephalopathy was gastrointestinal bleeding in two of 
them; the remaining patients were on diuretic treatment 
which might have played a role in the worsening of their 
mental state. 

No attempt was made to measure the degree of portal- 
systemic shunting in the three groups of patients. 

In all subjects, except group 3 patients, blood samples 
were taken after 12 hours' fasting. In group 3 blood sam- 
ples were taken as soon as they entered the ward, before 
any therapy for hepatic encephalopathy started; relatives 
reported that these patients had eaten no food for at least 
3 hr. 

In 4 patients the hormonal and AA pattern could be 
sequentially studied during various stages of hepatic 
coma, one of them during severe encephalopathy of un- 
known origin and, during several weeks when mild en- 
cephalopathy and later normal mental state were 
achieved. Three patients were studied before and during 
encephalopathy caused by progressive liver failure; in 

these subjects mild encephalopathy progressed to deep 
coma and death in about one month. 

Blood was taken for glucose, insulin, glucagon and AA 
determination as well as for routine analysis. Samples for 
insulin, glucagon, and AA assay were stored at -20~ 
until analyses were carried out. 

Methods. Blood glucose was immediately determined 
by means of a glucose-oxidase method. Albumin levels 
and prothrombin time were measured by standard tech- 
niques. Insulin (IRI) was determined by radio- 
immunoassay using Insulin Kit (Dow Lepetit, Milano). 
Blood samples for glucagon (IRG) assay were collected in 
chilled tubes containing 500 units Trasylol and 1.2 mg Na2 
EDTA/ml of blood in a total volume one tenth the ex- 
pected volume. IRG was then measured using 30 K Ung- 
er's antibody and [lz~I]glucagon (CNTS, Orsay) (13). The 
insulin/glucagon molar ratio (IRI/IRG) was calculated as 
suggested by Muller et al (14) with the following formula: 

IRI _ IRI (/xU/ml) x 23.33 
IRG IRG (pg/ml) 

which is based on a molecular weight of 6000 and biologic 
activity of 25 units/rag for insulin and a molecular weight 
of 3500 for glucagon. 

Amino acid profiles were assayed on the deproteinized 
portion of plasma after treatment with 4% sulfosalicylic 
acid. The supernatants were applied to a preprogramed 
Carlo Erba 3A 27 Automatic Aminoanalyzer and peaks of 
free AAs were read for both identity and quantity. Free 
tryptophan (TRY) was evaluated with a spectro- 
fluorometric method according to Denckla and Dewey 
(15) in an ultrafiltrate obtained from 2 ml of plasma centri- 
fuged at 800 g in an Amicon cone CF 50A for 45 rain at 
room temperature (16). 

Statistical analysis. Differences between mean values 
were tested for significance by means of Student's t test 
for unpaired data. Values and significance of linear corre- 
lation coefficients were calculated by methods described 
in a standard text. 

RESULTS 

Glucose, Insulin, Glucagon, and IRI/IRG Molar 
Ratio, Blood glucose levels (means +_ SEM) were, 
respectively, 79 --- 3, 86 -+ 4, 91 -+ 5, and 96 _+ 12 
mg/dl in controls and the three groups of  cirrhotic 
patients. Although higher blood glucose levels were 
observed in cirrhotics, mainly in the presence of  he- 
patic encephalopathy,  no significant differences 
were observed between Groups.  

IRI levels (11.6 + 0.8/xU/ml in controls) were sig- 
nificantly elevated in groups 1 and 2 (15.7 _+ 1.7 and 
15.0 +_ 1.4, respectively; P < 0.05), while in group 
3, although wide variations could be observed, they 
were in the normal range of controls (12.7 + 3.5). 

IRG levels (67 _+ 4 pg/ml in controls) were signifi- 
cantly increased in group 1 (117 _+ 6; P < 0.001) as 
well as in the two groups of comatose patients (183 
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Fig 1. Insulin, glucagon, and insulin/glucagon molar ratio in the controls and the three groups of 
cirrhotics. The results are expressed as means -+ SE. The statistical differences between controls 
and each group of cirrhotic patients are reported. 

--_ 22 and 340 _+ 37, respectively).  The differences 
between group 1 and group 2 and between group 2 
and group 3 were both statistically significant (P < 
0.01 and P < 0.001, respectively).  

IRI/IRG was not significantly reduced in group 1 
when compared to controls (3.3 --+-- 0.4 vs 3.9 - 0.4). 
In group 2 and group 3 patients,  on the contrary,  
IRI/IRG was significantly reduced (2.0 +-_ 0.3 and 
1.0 -+ 0.3) when compared to controls as well as to 
group 1 (P < 0.005). A significant difference (P < 

0.02) was also noticed between group 2 and group 3. 
Insulin, glucagon, and insulin/glucagon molar ra- 

tio in controls and cirrhotics are summarized in Fig- 
ure 1. 

Plasma Amino Acid Profiles. Table 1 shows the 
plasma AA levels (means --- SEM) and the ratio 
BCAA/AAA and TRY/BCAA + AAA of  the con- 
trois and the cirrhotics. 

TRY and AAA were high in cirrhotics and corre- 
lated with the encephalopathy grade since they pro- 

TABLE 1. PLASMA AMINO ACIDS IN CONTROLS AND IN THREE GROUPS OF C1RRFIOTICS* 

Cirrhotics 

Group 1 Group 2 Group 3 

Controls P valuer Mean P value Mean P value Mean 

TRY (nmol/ml) 5.5 -+ 0.5 O 8.5 -+ 0.7 + 15.8 -+- 3.1 + 24.8 + 2.0 
AAA (nmol/ml) 12l • 7.0 + 168 • 14 + 217 • 19 + 362 • 63 
BCAA (nmol/ml) 453 • 52 O 254 -+ 32 NS 263 • 25 NS 281 +- 35 
BCAA/AAA 3.9 -4- 0.6 O 1.7 --_ 0.2 NS 1.5 • 0.I + 1.0 • 0.1 
TRY/BCAA + AAA 0.010 _+ 0.0006 O 0.019 • 0.001 O 0.029 --+ 0.003 + 0.044 • 0.007 

*Plasma amino acids and molar ratios BCAA/AAA and TRY/BCAA + AAA in controls and in the three groups of cirrhotic patients. 
Results are expressed as means • SE. The statistical differences between the groups are reported. 

t +  P < 0.05; O P < 0.005; NS = not significant. 
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Fig 2. Correlation between aromatic amino acid and glucagon levels in both controls and cir- 
rhofics. When the coefficient was calculated in cirrhotic patients alone, the equation of the curve 

was: y = 73 + 0.85x; r = 0.79. 

gressively increased with the deterioration of  the 
mental state. 

BCAA and the molar ratio BCAA/AAA were sig- 
nificantly reduced in group 1. With the worsening of  
the mental state BCAA increased (although no sta- 
tistical differences were noted),  while BCAA/AAA 
f u r t h e r  d e c r e a s e d ,  ma in ly  in g roup  3 p a t i e n t s ,  
where mean BCAA/AAA was significantly lower 
when compared  to group 1 and group 2. 

The molar ratio TRY/BCAA + AAA was high in 
cirrhotics and progressively increased in patients 
with hepatic encephalopathy.  

Relationship Between Hormonal and AA Imbal- 
ance. The r coefficients of  linear regression analysis 
were calculated comparing IRI, IRG, and IRI/IRG 
to plasma AA levels and to molar ratios be tween 
AAs in both controls and cirrhotic patients. When 
coefficients were calculated in cirrhotic patients 
alone, r values were only just  inferior to those re- 
ported and P values remained statistically signifi- 
cant (P < 0.001). 

Glucagon levels significantly correlated with 
BCAA/AAA (r = -0 .48)  and TRY/BCAA + AAA 
(r = 0.63), but more closely with TRY and AAA 

levels alone (r = 0.68 and r = 0.81, respectively) 
(Figure 2). IRI/IRG more closely correlated with 
the molar ratio BCAA/AAA (r = 0.57) and with 
TRY/BCAA + AAA (r = -0 .67)  (Figure 3). No sta- 
tistical correlation was demonstra ted between IRI 
and the plasma AA levels considered.  

Glucagon plasma levels did not correlate with al- 
bumin or prothrombin time (r = -0 .33  and -0 .07 ,  
respectively),  which were considered to be indexes 
of hepatic function. 

Sequential Studies of Hormonal and AA Patterns. 
In the patients studied before and during encepha- 
lopathy (A, B, and C of Figure 4), as well as in the 
single patient in whom a reversal  of the altered men- 
tal state could be observed (D), the hormonal  and 
AA patterns in the various stages of encephalop- 
athy were similar to those demonstra ted in the un- 
paired groups of  cirrhotics. With the worsening of 
the mental state, a progressive increase in IRG lev- 
els was observed,  which strictly correlated with 
TRY and AAA (r = 0.79 and r = 0.85). The IRI and 
BCAA levels did not show statistically significant 
differences during the different stages of  the dis- 
ease. 
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Fig 4. Correlation between glucagon levels and free t ryptophan (left) and be tween g lucagon and aromatic  
aminoacids  (right) in the four  pat ients  sequential ly studied before and during (patients A, B, and C) and during 
and after (patient D) the various s tages of  hepatic coma.  The  equat ions  of  the curves ,  calculated on the 12 
points reported,  were,  respectively:  y = - 0 . 8 6  + 0.08x; r = 0.79 (left) a n d y  = 56.0 + 1.26x; r = 0.85 (right). 
These  equat ions  are similar to those  calculated for the unpaired data  in the  three groups  of  cirrhotics.  
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DISCUSSION 

When we planned this work we faced the problem 
that we could not starve cirrhotic patients with deep 
coma for 12 hr as we did for the other groups exam- 
ined nor could we delay therapy. So we decided to 
take blood samples in group 3 patients as soon as 
they entered the ward. Morgan et al (17) have re- 
cently shown that there are no significant diurnal 
variations in the value of the molar ratio BCAA/ 
AAA, but both BCAA and AAA, and to a greater 
extent TRY and TRY/BCAA + AAA, may be re- 
duced by glucose ingestion (18). Moreover a glu- 
cose meal may induce significant alterations in IRI, 
IRG, and IRI/IRG levels (19); therefore a careful 
evaluation of the postabsorptive state might be rele- 
vant in comparing the hormonal and AA patterns. 
No differences in glycemia levels were present in 
the three groups of cirrhotics examined; because of 
it we assume that a recent carbohydrate ingestion 
might not have altered either IRI and IRG levels or 
plasma AA profiles. 

As previously shown (9) we found elevated in- 
sulin levels in cirrhotics. This hyperinsulinemia is 
probably due to decreased hepatic degradation of 
insulin secondary to both liver cell damage and por- 
tal-systemic shunting (20). With the worsening of 
the mental state, insulin levels failed to further in- 
crease in cirrhotics, in sharp contrast with that ob- 
served during the encephalopathy of fulminant he- 
patic failure where a tenfold increase in insulin lev- 
els has been reported (21). The relative fall in 
insulin, in the presence of possibly increased liver 
cell damage and portal-systemic shunts, can be only 
explained on the basis of reduced secretion, just as 
it happens in other catabolic states such as pro- 
longed starvation (22). 

As to glucagon levels, previous studies have 
shown that a hyperglucagonemia may be demon- 
strated in cirrhotics only when por ta l -sys temic  
shunting is present (8), although a more recent 
study has reported hyperglucagonemia as a feature 
of hepatocellular damage (23). The high glucagon 
levels of cirrhotics seem to be due to an altered se- 
cretion and sensitivity to glucagon rather than to a 
decreased hormonal catabolism since the kidney is 
the major site of glucagon degradation (24). Sherwin 
et al have recently postulated that liver failure may 
alter the negative feedback signal which could lead 
to glucagon secretion suppression (25). In our study 
we could demonstrate a significant increase in 
glucagon levels also in group 1 patients, where no 

evidence of encephalopathy was present. However, 
hyperglucagonemia in cirrhotics closely correlates 
with encephalopathy grades since it progressively 
increases with the deterioration of the mental state. 

As far as plasma AAs are concerned, the levels of 
both TRY and AAA showed a progressive increase 
with the worsening of the mental state similar to 
that observed for glucagon levels. We found highly 
significant correlations between glucagon and these 
amino acids, the better correlation existing with 
AAA being probably explained on the basis of the 
well-known influence of albumin and free fatty acid 
plasma levels on the bound/free tryptophan ratio 
(26). 

We have no direct evidence that a causal relation- 
ship exists between glucagon and these amino 
acids; however, many data may support this hy- 
pothesis. First of all glucagon acts as a catabolic 
hormone, stimulating gluconeogenesis in man (27) 
and promoting ureagenesis (28) and protein catabo- 
lism in the liver (29) and possibly on skeletal muscle 
(30), although contrasting data have been reported 
(31, 32). Secondly the administration of oral glu- 
cose, in an effort to suppress glucagon secretion, 
has proven effective in reducing the levels of both 
TRY and AAA in man (18). 

Alternatively the levels of both glucagon and 
amino acids could be influenced by liver failure or 
portal-systemic shunting. Hepatic function, as as- 
sessed by plasma albumin levels and prothrombin 
time, seems not to be the link between hyper- 
glucagonemia and hyperaminaocidemia since gluca- 
gon levels in cirrhotics do not correlate with hepatic 
function. A careful evaluation of the degree of col- 
lateral circulation is needed in order to assess the 
relevance of portal-systemic shunting in the patho- 
genesis of both the hormonal and AA imbalance of 
cirrhosis. As far as our data are concerned, the re- 
sults of the sequential studies we performed in pa- 
tients A, B, and C could fit with the hypothesis that 
shunting of blood might play a major role in the al- 
terations observed; however, in patient D, who 
could be followed from a stage of deep coma to nor- 
mal mental state, the fall in AA and IRG levels can 
hardly be explained on the basis of a reduced collat- 
eral circulation. So we believe that shunting is not 
the only cause of all the changes, and it is possible a 
causal relationship between hormonal imbalance 
and altered AA pattern may exist. 

We also evaluated IRI/IRG according to Unger's 
hypothesis of a bihormonal modulation in maintain- 
ing blood glucose levels as well as in directing food- 

Digestive Diseases and Sciences, Vol. 24, No. 8 (August 1979) 599 



stuff m e t a b o l i s m  towards  an  anabo l i c  or a ca tabol ic  
pa thway  (11). P rev ious  s tudies  have  shown  that  
IR I / IRG,  fol lowing po r t acava l  anas tomos i s  in dogs 
(33) and  in the course  of  l iver  c i r rhosis  in m a n  (10), 

is r educed  only  w h e n  neuro log ic  s y m p t o m s  and  

signs occur .  In  bo th  an imals  and  h u m a n s  the fall o f  
IR I / IRG is due to inc reas ing  g lucagon  levels as wel l  

as to a re la t ive  fall in insu l in  levels  which  r e tu rn  to 
the n o r m a l  range of cont ro ls .  In  our  pa t ien ts  we 

could  d e m o n s t r a t e  a good cor re la t ion  b e t w e e n  IRI /  

IRG and  bo th  the increase  of  T R Y  and  A A A  and  the 
m o l a r  r a t i o  B C A A / A A A  a n d  p a r t i c u l a r l y  T R Y /  

B C A A  + A A A  which this and  p rev ious  work  (3) 
have  s h o w n  to be r ep re sen t a t i ve  of  the men ta l  s tate  
of c i r rhot ics .  

We did no t  find any  cor re la t ion  b e t w e e n  B C A A  
levels  and  insul in ,  g lucagon,  or IRI / IRG.  M u n r o  et 

al (34) first re la ted  B C A A  with insu l in  in c i r rhot ics  

and later  Soeters  and  F i s che r  (6) tr ied to expla in  de- 

c reased  B C A A  levels  with inc reased  i nco rpo ra t i on  
into musc le ,  or  p re fe rab ly  ad ipose  t issue u n d e r  the 

anabol ic  s t imulus  of insul in .  Our  data  are in con-  

trast  with this hypothes i s  s ince  no cor re la t ion  could  
be found  b e t w e e n  increas ing  insu l in  and  decreas ing  

B C A A  levels .  Thus  factors  different  f rom those  in- 

volved in the m a i n t e n a n c e  of  c a r b o h y d r a t e  homeo-  
stasis p r o b a b l y  accoun t  for the decrease  in B C A A  
levels,  which  seems to be a sens i t ive  a l te ra t ion  of 

p l a sma  A A  profile of  l iver  c i r rhos is  qui te  un re l a t ed  
to chron ic  hepat ic  encepha lopa thy .  
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