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Plasma amino  acid concentrat ions  and ur inary excret ion of free amino  acids 
were measured in 7 pat ients  with severe hepat ic  decompensat ion (precoma) 
in Laennec 's  cirrhosis. U p o n  maximal  improvemen t  these pat ients  served 
as their  own controls. Contrary to earl ier  reports, the changes were found 
to be unspectacular.  Plasma concentra t ions  of amino  acids proved to be 
remarkably  stable. Decreased plasma concentra t ions  of valine, leucine, and 
isoleucine poin ted  to a componen t  of steatonecrosis, which was found in liver 
biopsy specimens and laboratory parameters .  T h e  ur inary excret ion of 
threonine,  serine, asparag ine /g lu tamine ,  alanine,  e thanolamine,  and hist idine 
was increased significantly dur ing  hepat ic  decompensat ion  when compared 
to the excret ion values of the same pat ients  at maximal  compensat ion;  but  
even here  the changes were wi thin  the normal  range. Genera l  aminoacidur ia  
was observed in 3 cirrhotic pat ients  who had undergone  surgical portacaval  
shunts. I t  is possible that these changes are a sequence of the surgical 
procedure.  

p ROTEIN METABOLISNI represents one of the major  metabolic  activities of the 
liver. Among  the best appreciated of these ftmctions are the deaminat ion 

of amino acids, product ion of urea, and synthesis of some of the plasma pro- 
teins. I t  is not surprising that the influence of liver disease--e.g., Laennec's  
c i r r h o s i s I o n  amino acid metabol ism has been the subject of numerous in- 
vestigations. Early in[ormation concerned complete and fatal liver failme. 
Rokitansky ~ described leucine and tyrosine crystals on the cut surface of livers 
fi-om patients who had succttml)ed to "acute yellow atrophy."  Frerichs'-' found 
the same types of crystals in the ur inary sediment of patients with "acute 
yellow atrophy."  Matm:~ pointed out that the liver possesses remarkable  func- 
tional reserve power, and that the amino acid metabolism is affected only by 
profound hepatocelht lar  failure. T h e  removal  of less than 85% of the liver of 
a dog did not result in a significant disturbance of the amino acid metabolism. 
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Laenne¢'s Cirrhosis 

Nevertheless, there have been reports of derangement  of amoun t  and  pro- 
portions of amino acids in the plasma of patients  with severe Laennec 's  
cirrhosis. 4-r' Abnormal ly  high plasma concentrations of methionine,  cystine, 
and the aromatic amino acids were reported by several investigators. 4, 6, s, 9, n-~4 
Aminoaciduria,  either generalized or confined to certain amino  acids, was re- 
ported in other studies.~, 18-19 

Others have been able to find only limited, inconstant, or uncharacteristic 
changes of amino acids in serum and urine, -00--02 ahhough  Knauff  e t  al .  found 
evidence of decreased amino acid tolerance in patients  with Laennec 's  cir- 
rhosis. 7 Most investigators did not find general changes of amino acids in 
plasma or urine, but  ra ther  shifts in the concentrations of some individual  
amino acids, which were confusing in their variety. Some exper imenta l  evi- 
dence seemed to suggest that the shifts in plasma amino acids may be char- 
acteristic for specific hepai(6cellular damage. Rats poisoned with thioacetamide 
suffered a disturbance of the urea cycle, but  methionine  and the aromat ic  
amino acids remained within normal  range. When  carbon tetrachloride was 
given in the diet, the urea cycle was not disturbed, but  plasma methionine,  
threoniue, tyrosine, and phenylalanine were increased, similarly to these acids 
in some of the cirrhotic patients of Knauff  et  al.  2"- 

In  view of the diversity of findings concerning plasma and ur inary amino  
acids in Laennec's cirrhosis, it seemed desirable to measure them with a more  
quanti tat ive method than had been used in all but  one of the cited studies. T h e  
measurements were taken in patients with severe hepatic decompensation,  who 
served as their own controls upon  improvement .  

M A T E R I A L S  A N D  M E T H O D S  

Seven patients, who survived severe decompensat ion of alcoholic hepatic 
cirrhosis, were selected for study. All were considered precomatose, with 
severe jaundice, ascites, and grossly abnormal  liver f imction tests. T h e  serum 
potassium concentrations were normal  in 4 patients; 3 had hypokalemia  (3.5, 
3.8, and 3.9 m E q . / L . ) .  All serum potassium concentrations were normal  at 
the time of maximal  improvement .  Follow-up studies on each pat ient  were 
under taken at a t ime when it was considered that  maximal  improvement  had 
been reached. At that point  nei ther  the clinical appearance of the patients 
nor most laboratory findings had re turned to normal.  T h e  clinical diagnosis 
of Laennec's cirrhosis was confirmed by liver biopsy in all bu t  2 cases. 

The re  was moderate  evidence of steatonecrosis in 4, and a greater  amoun t  
in 1, patient. At the time of maximal  hepatic decompensat ion of the 7 patients, 
the serum concentrations of S G O T  were 14, 52, 83, 87, 118, 234, and 234 
Babson units. In  the precomatose state the nutr i t ional  intake and medicat ion 
of these patients consisted of intravenous infusions of fluids, B-complex vita- 
mins, electrolyte replacement,  and aldactone therapy. Later,  after the danger  of 
hepatic coma had subsided, they received normal  diets. T h r e e  addi t ional  pa- 
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tients, who had hepatic cirrhosis with surgical portacaval shunts, received a 
40-gm. protein diet. 

Blood plasma specimens were obtained at 8 A.M. and 9 P.M. for amino acid 
analysis determinations. All samples were collected in heparinized poly- 
ethylene centrifuge tubes, the plasma was separated immediately, and the 
port ion to be used for amino acid analysis was precipitated by picric acid, ac- 
cording to the method by Ta l lan  e t  al .  23 Toluene  (6 ml.) and chloroform 
(6 ml.) were used as bactericidal preservatives for each 24-hr. urine specimen. 
After volume and specific gravity had been measured and the individual's body 
weight had been recorded, an aliquot of the urine was stored at - 2 0  ° C. until  
analysis. 

Free amino acids of plasma and urine were determined by ion-exchange 
chromatography, using an automatic amino acid analyzer (Spinco, Model 
120B,* adapted to 8% cross-linked sulfonated styrene copolymer resins, PA-28 
and PA-35), as described by Spackman e t  al .  24 T h e  free plasma amino acids 
are reported as micromoles per 100 ml. of plasma, the free urinary amino acids 
as micromoles per kilogram of body weight per 24 hr. Asparagine and gluta- 
mine were eluted as a single peak and are so reported. 

Measurements of 17-OHCS were done by the Peterson e t  al .  modification 25 
of the method of Silber and Porter. Determinations of plasma nonprotein- 
bound 17-OHCS were performed as described by Lohrenz e t  al .  26 Measure- 
ments of corticosteroid-binding globulin (CBG) were made according to the 
method of Doe e t  al.  ~-z 

RESULTS 

During the period of observation, from precoma to maximal recovery, the 
mean total serum bil irubin of these 7 patients had decreased from 9.44 to 
2.35 mg./100 ml., the mean bromsulphthalein (BSP) retention from 37.9 to 
20.26% in 45 min., and the S G O T  from a mean of 126.3 units to 36. Table  1 
shows the plasma concentration of free amino acids in these patients during 
precoma and compares these values to those of the .same individuals after 
maximal  improvement.  In addition, the plasma amino acid concentration is 
given for 24 normal males, 3 cirrhotic patients with surgical portacaval shunts, 
and 1 individual with advanced hepatolenticular  degeneration. Plasma tyrosine 
concentrat ion was above normal during precoma as well as at maximal com- 
pensation. T h e  differences between precoma and maximal improvement  are 
not striking, al though in the state of severe hepatic decompensation and in 
3 patients with portacaval shunts the plasma concentrations of methionine 
tended to be elevated, whereas asparagine/glutamine,  valine, leucine, and 
isoleucine were decreased in comparison to normal males. Proline was the 
only plasma amino acid which was materially increased in the patient with 
hepatolenticular  degeneration. Comparing the precomatose state with maximal 
improvement,  we can discern statistically significant changes in only three 

*Beckman Instruments, Inc.. Fullerton, Calif. 
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Laennec's Cirrhosis 

TABLE 1. FREE PLASMA AMINO ACIDS (AS ,,MOLES PER 100 ML. OF PLASMA) 

A mino acid 

7 patients with Laennec's cirrhosis 2.~ normal males 

D* Ct t p 3lean S.D. 

Por{a- 
caval 

shunts Wilson's 
(Mean dis. 
of 3) (1 pt.) 

Taurine 2.S 5.1 5.8 0.01 6.3 2.4 3.5 5.1 
Aspartic acid . . . .  0. ~ 0.5 2.7 0.3 
Threonine 19.3 12.6 1.0 0.4 13.7 2.2 l l  .0 15.9 
Serine 12.2 9.9 1.,'4 0.1 11.2 2.3 12.7 11.3 
Citrulline 2.6 3.2 3.0 0.01 3.6 0.9 1.9 4.6 
Asparagine/ 

glutamine 15.1 20.5 1.4 0.2 32.0 17.1 20.1 24.1 
Proline 19.9 20.s 0.6 1).6 20.3 5.3 lS.0 34.2 
Glutamic acid 16.0 17.1 0.2 0.s 16.0 9.3 11.5 7.9 
Glycine 26.S 23.2 1.2 0.3 22.9 3.1 20.5 24.3 
Alanine 26.s 2s.4 0.5 0.6 36.6 9.9 25.s 39.6 
a-NHa-n-butyric acid 2.4 1.7 7.0 0.01 2.7 I .0 3.2 1.2 
Valine 15.6 14.6 0.4 0.7 26.2 5.6 21.s 23.9 
Cystine/2 S.6 11.6 1.4 0.2 7.2 2.1 10.2 4.7 
Methionine 4.0 2.5 0.6 0.6 2.4 0. ,~ 3.4 3.5 
Isoleucine 5.4 5.4 0.2 0. s 7.6 t. 9 s. 0 9.4 
Leueine S.6 7.4 1.3 0.2 13.2 3.1 l l .1  13.S 
Ty'rosine 10.0 10.9 0.6 0.6 6.3 0.9 12.6 7.9 
Phenylalanine 6.7 6.0 1.6 0.2 6.0 1.1 7.s 6.7 
Ornithine 7.4 S.9 1.5 0.2 5.6 .1.6 6.3 S.3 
Lysine 21.2 14.0 2.3 0.1 17.6 2 .~ 16.5) 15.6 
Histidme 5.3 5..-) 0.5 0.7 6.$ 1.2 5.9 .5.0 
Arginine 5.2 6.7 2.1 0.1 7.4 2,7 6.s 4.5 

* During hepatic precoma (decompensation). 
"~ At maximal improvement (compensation). 

amino  acids: taur ine ,  c i t ru l l ine ,  a n d  a -amino-n-bu ty r ic  acid. I t  should  be 

no ted  that  these were changes w i t h i n  the n o r m a l  range  of p lasma a m i n o  acid 
concentra t ions .  T h e  plasma concen t ra t ions  of these pa t ien ts  failed to show the 
d i u r n a l  var ia t ions  which were described for tyrosine,  p h e n y l a l a n i n e ,  a nd  
t ryp tophan  in  n o r m a l  indiv iduals .  28 

T a b l e  2 shows the u r i n a r y  excre t ion  of free a m i n o  acids in  these pat ients .  
T h e r e  was no general  aminoac idu r i a ,  whe ther  d u r i n g  precoma or the stage of 
max imal  compensa t ion ,  when  we consider  the ent i re  g roup  by compar i son  
wi th  n o r m a l  males. Signif icant ly  greater  a m o u n t s  of serine, a s p a r a g i n e /  
g lu tamine ,  a tanine ,  e t hano l amine ,  lysine, l -methyl  h is t id ine ,  a n d  h i s t id ine  
were excreted in  the precomatose state. Cons ide r i ng  that  all bu t  2 pa t ients  had  
ascites and  edema at that  stage, which increased the average weight  by 11%, 

we must  add t h r eon ine  to this g roup  of a m i n o  acids which were excreted in  
signif icantly greater  a m o u n t s  d u r i n g  precoma,  Glycine  excre t ion  did  no t  

follow the general  t r end  of d i m i n u t i o n  u p o n  compensa t ion .  I t  increased in  4 
of the 7 pat ients .  T h i s  increase is noteworthy,  pa r t i cu la r ly  since i t  exceeded the 
n o r m a l  range  in  1 pa t ient .  T h e  significance of this f ind ing  is ob,~cure at the 
present  time. 
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TABLE "2. F R E E  U R I N A R Y  AMINO ACIDS 
(AS uMOLES PER KG. OF BODY W E I G H T  P E R  24 IIR.) 

Porta- 
caval 

2 patients with Lacnnec'~" cirrhosis 2,~ normal males shunts Wilson's 
(Mean dis. 

,tmi, no acid D* Ct  t p Mean S.D. of 3) (1 pt.) 

Taut(he 4.4 l l . l  1.9 0 . l  14.2 8.9 6.2 24.(I 
Threonine 4.0 1,4 1.5 0.2 3.4 1.4 6.1 14.7 
Serine 5.3 2.3 3.3 0.01 6.2 2.3 13.2 18.7 
Asparagine/ 

glutaniine 7.1 3.6 2.5 0.05 1(I.7 4.4 IS.7 31.6 
(;lutamic a(.id 0.,~ 1.0 0.5 0.7 0.6 0.2 1.9 0.7 
Glycine 9 .S 1.5.4 1.2 0.3 22.3 12.2 32.3 s7.7 
Alan(he 4.1 3. l 2.5 0.05 5.2 2.2 17.7 10.2 
~-NH,-n-but yric avid 2.5 1 .s 2.0 0.9 1.1 0.5 O.S; 1.2 
Valine 0.5 0.5 0.5 0.7 0. S 0.8 4.1 0.,S 
Cystine/2 1.s  l .S  1.3 0.3 1.6 1.1 5.4 46.7 
Cystathionine 1.0 0.S 0.3 0.S 0 .s  0.2 1.5 1.6 
Methionine 1.3 0.9 5.0 0.1 1.0 0.3 1.3 1.0 
Isoleucine 0.5 0.5 0 l .0 0 . s  0.3 1.1 0.S 
Leucine 0.6 0.6 1.6 0.2 1.2 0.3 2..5 2.O 
Tyros(he 1.6 1.4 1.0 0.4 1.9 0.7 7.8 4.3 
Phenylalanine 0 .s  0 .s  0 1.0 1.1 0.5 4. t 1.6 
,-Nlla-isobutyri( '  acid 1.3 2.3 0.S (I..5 2.1 l .S  2.7 - -  
Ornit hine 0.4 0.6 1.0 0,4 0.5 0.3 1.1 2.4 
Ethanolamine 5 .s  3.3 4.2 0.01 5.0 1.4 13.6 6.6 
Lysine 2.0 1.2 4.0 0 .0I  4.2 2.6 10.2 12.4 
1-CHa-histidine 2.(.) 5.4 2.4 0,05 6.7 4.4 16.9 13.0 
His((dine ,~.4 4.3 3.6 0.01 14.2 6.0 25.6 32.8 
3-CHa-histidine 3.0 3.4 1.0 0.4 4.7 1.1 4.1 5.0 
Arginine 0.3 0.2 0.3 0.1 tr.~ - 1.1 Ir.~ 

* During hepatic precoma (decompensation). 
At, maximal improvement (compensation). 

:~ Traces 

T h e  p a t i e n t s  w i t h  c i r rhos i s  a n d  su rg i ca l  p o r t a c a v a l  s h u n t  a n d  t i le p a t i e n t  

w i t h  h e p a t o l e n t i c u l a r  d e g e n e r a t i o n  s h o w e d  a n  a m i n o a c i d u r i a ,  w h i c h  a p p e a r e d  

to ex i s t  q u i t e  i n d e p e n d e n t l y  o f  t he  p l a s m a  c o n c e n t r a t i o n  of  a m i n o  acids.  T h e  

a m i n o a c i d u r i a  i n v o l v e d  m o s t  b u t  n o t  a l l  a m i n o  acids:  g l u t a m i c  acid,  ,~-NHa-n- 

b u t y r i c  ac id ,  m e t h i o n i n e ,  i so l euc ine ,  an t i  3 -me thy l  h i s t i d i n e  were  n o t  i n v o l v e d  

in  e i t h e r  g r o u p .  

C O M M E N T S  

T h e  s even  p a t i e n t s  u n d e r  s t udy  se rved  as t h e i r  o w n  c o n t r o l s  a f t e r  t hey  h a d  

r e a c h e d  m a x i m a l  i m p r o v e m e n t  f r o m  t h e i r  h e p a t i c  d e c o m p e n s a t i o n .  T h e  loss 

of  asci tes  a n d  e d e m a  r e d u c e d  t he i r  a v e r a g e  w e i g h t  by 11%.  N o n e  of  the  pa-  

t i en t s  r e a c h e d  a s ta te  of  n o r m a l  l i v e r  f u n c t i o n .  A l t h o u g h  t h e i r  p r o t e i n  i n t a k e  

was low d u r i n g  the  p r e c o m a t o s e  s ta te ,  b u t  h i g h  at  t he  t i m e  of  r ecovery ,  t he re  

was l i t t l e  c h a n g e  in  t he  c o n c e n t r a t i o n s  of  f ree  p l a s m a  a m i n o  acids. M e a n  

v a l u e s  fo r  t h r e o n i n e  ant i  t y ros ine  e x c e e d e d  the  n o r m a l  means ,  a n d  those  o f  
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valine, isoleucine, and leucine were decreased. Statistical comparison of the 
plasma changes from precoma to maximal recovery found significant decreases 
only in the plasma levels of taurine, citrulline and a-amino-n-butyric acid, but 
even these changes occurred within the normal  values for plasma concentra- 
tion of these amino acids. This remarkable constancy of plasma amino acids 
had also been encountered when urinary excretion of amino acids was in- 
creased tinder tile influence of cortisol'-'" or pregnancyY" A short-lived general 
decrease of all amino acids can be induced by exogenous :¢1 or endogenousa'-' 
insulin. May Ning and associates :¢3 have described an increase of the plasma 
concentrations of glutamic acid and decreases of valine, leucine, and isoleucine 
in patients with alcoholic hepatitis. The  histologic lesions of the patients in 
this study were those of alcoholic c i r rhos i s ,  but each one had a component  of 
steatonecrosis. The  concentrations of the branched amino acids--valine, 
isoleucine, and leucine--were indeed below the normal range, but glutamic 
acid was found in normal 'plasnla concentrations. 

Changes in the urinary excretion of amino acids upon maximal recovery 
were not spectacular. Significant changes involved only threonine, serine, 
asparagine/glutamine, al:mine, ethanolamine, lysine, 1-methyl histidine, and 
histidine, hut here again these changes were within the normal range for males. 

General aminoaciduria was not seen in any one of 7 patients with decom- 
pensated cirrhosis. The  compensation state of these patients still fits into the 
category of extensive alcoholic cirrhosis. Neither general aminoaciduria nor 
the increase of individual amino acids could be found at that time. As a matter 
of fact, several of the urinary alnino acids were excreted to a lesser degree than 
was the case in the normal controls. The  findings in patients with portacaval 
shunt and XVilson's disease were different: The  free plasma amino acids of 3 
cirrhotic patients with surgical portacaval shunts were within the normal range, 
but there was a striking general aminoaciduria. These patients were not in a 
state of precoma or hepatic decompensation. Their  aminoaciduria was not of 
the pattern which we have observed as an effect of increased free plasma 
cortisol, ~''.:*'~ since it involved almost all of the amino acids which were meas- 
ured. The patient with hepatolenticular degeneration had an even more 
striking and extensive aminoaciduria, while his free plasma amino acids re- 
mained normal with the exception of proline. Both conditions, portacaval 
shunt and ~Vilson's disease, appear to be associated with an aminoaciduria of 
renal origin. In the case of Xgilson's disease this is readily explained as a result 
of copper toxicity involving the proximal renal tubular epithelium and im- 
pairment of reabsorption of amino acids from the glomerular filtrate. 34~6 
There is no facile explanation for the renal mechanism of aminoaciduria in 
the patients with portacaval shunt. The  speculation can be ventured that we 
are dealing with an effect of the portacaval shunt on the renal blood flow. 
Other metabolic abnormalities have been noted following portavacal anasto- 
moses. The  appearance of clinical diabetes mellitus in the wake of a surgical 
portacaval shunt was noted by Larcan et  al. "37 Cotes and associates '~s studied 3 
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pa t i en t s  who d e v e l o p e d  progress ive  dyspnea  on  e x e r t i o n  fo l lowing  an  o p e r a t i o n  
of p o r t a c a v a l  anas tomosis .  P u l m o n a r y  f u n c t i o n  s tudies  p o i n t e d  to a low 
v e n t i l a t i o n  pe r fu s ion  ra t io ,  wh ich  was most  l ike ly  to be due  to changes in the 
p u l m o n a r y  c i rcu la t ion .  I n  the  d e p e n d e n t  par t s  of  the lung,  d i l a t i o n  of a lveo la r  
vessels w o u l d  increase  the  pe r fu s ion  re l a t ive  to v e n t i l a t i o n  and  thus  cause 
h y p o x e m i a .  T h e  pe r fus ion  of the r e m a i n i n g  p u h n o n a r y  a lveol i  w o u l d  be re- 
d u c e d  a n d  the effective surface ava i l ab l e  for the exchange  of gas decreased.  

T h e  fa i lu re  of this s tudy  to de tec t  s ignif icant  gene ra l  a m i n o a c i d u r i a  in 
severe Laennec ' s  c i r rhos is  is in  c o n t r a d i c t i o n  to some of the p rev ious  repor ts .  
I n  one  ins tance  extens ive  a m i n o a c i d u r i a  h a d  been  mi s t aken ly  a t t r i b u t e d  to 
L a e n n e c ' s  c irrhosis ,  whereas  the c o n d i t i o n  in q u e s t i o n  was W i l s o n ' s  hepato-  
l e n t i cu l a r  degene ra t i on .  :~:~ I t  is poss ib le  tha t  p rev ious  repor t s  c o n t a i n e d  s imi la r  
b u t  un recogn ized  cases. T h e  b u l k  of d i sc repanc ies  be tween  the f indings  of tbis  
s tudy  a n d  some of the p rev ious  repor t s ,  however ,  may  be a t t r i b u t e d  to several  
reasons:  A l l  of the  r epo r t s  w i th  wh ich  this s tudy  is in d i s a g re e me n t  e m p l o y e d  
s e m i q u a n t i t a t i v e  m e t h o d s  for the d e t e r m i n a t i o n  of a m i n o  acids, e i ther  p a p e r  
c h r o m a t o g r a p h y ,  4, ~. ~ th in - l ayer  c h r o m a t o g r a p h y ,  ~:~ m i c r o b i o l o g i c a l  as- 
says,Xa-as, as or  c h r o m a t o g r a p h y  on  co lumns  of Dowex-50.s Moreover ,  several  
of those s tudies  m e a s u r e d  a m i n o  ac id  concen t r a t i ons  of a m o r n i n g  u r ine  speci- 
m e n  ~, 5 or  d u r i n g  a c lea rance  d e t e r m i n a t i o n  a5 (this se lect ion of u r i n e  spec imen  
w o u l d  necessar i ly  y ie ld  e r roneous ly  h igh  concen t r a t i ons  of so lu tes ) .  O l i g u r i a  
is c o m m o n  in Laennec ' s  cirrhosis .  F o u r  of the 7 pa t i en t s  in this s tudy had  u r ine  
vo lumes  of 400-800 ml.  w i t h i n  a 24-hr. pe r iod .  T h e  solutes,  a m o n g  them a m i n o  
acids, were h igh ly  concen t ra t ed ,  b u t  when  r e l a t e d  to the u r i n a r y  o u t p u t  per  
k i l o g r a m  of body  we igh t  in a 24-hr. pe r iod ,  the  a m i n o a c i d u r i a  was f o u n d  to 
be  w i t h i n ' t h e  n o r m a l  range.  A m o r e  recent  s tudy "-2 is in ag reemen t  wi th  the  
f indings  of this  pape r ;  tha t  s tudy  also e m p l o y e d  q u a n t i t a t i v e  d e t e r m i n a t i o n s  
of a m i n o  acids  by  means  of c h r o m a t o g r a p h y  on  A m b e r l i t e  co lumns  of an 
a u t o m a t i c  a m i n o  acid  analyzer .  

R E F E R E N C E S  

1. ROKITANSKY, C. A Manual of Pathological Anatomy (Vol. 2), Transl. by E. Sieveking. 
New Sydenham Soc., London, 1849. 

2. FRrR~CHS, F. T.  A Clinical Treatease on Diseases of the Liver (Vol. I) .  transl, by C. 
Murchison. New Sydenham Soc., London, 1860. 

3. MANN, F. C. The effects of complete and of partial removal of the liver. Medicine 6:419. 
1927. 

4. 1NALSHE, J. M. Disturbances of amino acid metabolism following liver injury. Quart J 
Med 22:483. 1953. 

5. KNA•'FF, H. G.. SEL.~IAm, H., and REITI.1NGER. A. Untersuchungen iiber die Freien 
Aminos~iuren in Harn und Blutplasma yon Gesundeu und yon Leberkranken. Klin Wschr 
38:812, 1960. 

6. EAaLE, D. P.. anti V~CTOR. J. The effect of various diets on the livcr damage caused by 
excess cystine. J Exp Med 75:179, 1942. 

7. KNAUVV, H. G., SV.VBOLO, D., and KANTERS, A. Freie Plasmaaminos/iuren und Blutam- 
moniak nach oraler Proteinzufuhr. Untersuchungen bei Gesunden und bei Patienten mit 
Lebercirrhose. Klin Wschr 43:382. 1965. 

124 American Journal of Digestive Diseases 



Laennec's Cirrhosis 

8. IBER, F. L., ROSEN, H., LEX.'ENSON, S. NI., and  CHALI~IERS. T.  C. T h e  p lasma  amiuo  acids 
in pa t ien ts  wi th  liver failure.  ] Lab Clin 3fed 50.'417, 1957. 

9. Wt~, C., BOLLMAN, J. L., and  Bv rv, H. R. Changes  in free amino  acids in the  p lasma 
du r ing  hepat ic  coma. J Clin Invest 34:8t5, 1955. 

10. WATSON, C. J. T h e  prognosis  and  tr~'atment of hepat ic  insufficiency. Am~ Intern Med 31: 
405, 1949. 

11. GuAcch L,, Ro,',-cttL R,, DE P~SQt'ALE. C., and  DI M~SSlMO-SIrqONrTTL S. Gli Aminoac id i  
liberi del sangue nella cirrosi epatica. 3led Clin Sper 13:583. 1963. 

12. PAYET, ~E, CI~SAIRE, 0 .  G., and  CAMAIN-GIABICANI, R. Rensc ignemen t s  donn6s  pa r  
l 'explorat ion c h r o m a t o g r a p h i q n e  des acides amin6s  libres du  s6 rum dans  les cirrhoses 
et le cancer pr imi t i f  du  foie. 5trasbourg Mdd 9:295, 1958. 

13. Ga~tJzoA, G, J., Ecr:nARn'r, R. D., and  DAV~DSOX, C, S. Ur ina ry  excretion of amino  acids 
in pat ients  with cirrhosis of the liver and  in no rma l  adtdts.  J Clin Invest 31:1015, 1952. 

1-1. DUNN. M. S., AIqXWME. S., YEIL H. L., and  M~RrIx, H. E. Ur inary  excret ion of a m i n o  
acids in lixer disease. J (;li, l~zz,e~t 29:302. 1950. 

15. KINSELL, L. W., HARPI:R. H. A., BARJON, H. D., }IuTCIUN, ~[. E., and  HESS, J. R. Studies 
ill m c t h i o n i n e  and  su l fnr  metabol i sm:  I. T h e  fate of in t ravenous ly  admin is te red  
m e t h i o n i n e  in n o r m a l  ind ixdua ls  and  in pa t ien ts  wi th  li~er damage .  J Clin Inl,est 27:677, 
1948. 

16. MARTIN, E., and  .~IILHAID, G. Studies in a m i n o  acid metabo l i sm wi th  paper  chromatog-  
raphy.  Chem Abstr 47:3453, 1953. 

17. MEHTA, S., WAmA, B. N. S., Gu.xL O. P., anit T.~NEJA. P. N. A qual i ta t ixe  stuitv of p lasma 
and  ur inary  a m i n o  acids in Ind ian  ch i ldhood  cirrhosis. Indian J Pediat 31:187. 1964. 

18. PAIN, S. K, Studies on the n i t rogenous  cons t i tuents  of  u r ine  in no rma l  subjects 
and in pat ients  sutfer ing f rmn cirrhosis of liver, subacute  nephr i t i s  and  hyper tens ion .  
Indian J 3led Res 45:35, 1957. 

19. AMBrRT, J. P,, P/,CH~RY, C., LO~IO~IrR, A., HOt SSET, E.. and  H.XRTMAX, L. Dosage et 
diff6rentiation des acides amin ( s  ur ina i res  chez le c i r rho t ique  avant  et aprbs anas tomose  
porto-cave. Ann IJiol Clin (Paris) 24:41, 1966. 

20. WHErLFR, J. E., aml G','oRc;v. P. Studies of u r ina ry  excretion of m e t h i o n i n e  by normals  
and by pat ients  hax ing  lixcr diseases. Amer J 3led S~i 215:267, 1948. 

21. DENT, C. E., and  ~VALS~E, J. M. "AInino Acid Metabol i sm in Liver Disease." In Ciba 
Foundation Symposium on Liver Di.sease, Wols t enhohne ,  C. E. W.. and  Sherlock, S., Eds. 
Blakiston, Phi lade lphia ,  1951. 

22. KNAVrF, H. G., SEYBOLB, D., and  MILLFR, B. Die Freien Plasmaaminos~iuren bei 
Lebercirrhose u n d  Hepati t is .  Klin tVschr 42:326, 196-t. 

23. TALLAN, H. J-L, ]~[OORE, S., ;rod STHX, W. H. Studies on the  free a m i n o  acids and  related 
c o m p o u n d s  in the tissues of the  cat. J Biol Chem 211.'927, 1954. 

24. SPACKMAN, n .  H., STEIN, 1~'. H., and MOORE, S. Antoina t ic  recm'ding appa ra tu s  for use 
in the  chromatograph) '  of a m i n o  acids. Anal Chem 30:1190, 1958. 

25. PETERSON, R. E., KARBER, A., and  Gt:~RRA, S. L. Evalua t ion  of the  Si lber-Porter  p rocedure  
for the  de te rmina t ion  of p lasma  hydrocortisone. Anal Chem 29.'144, 1957. 

26. LOHRENZ, F. N., SE.',L, U. S., and DoE, R. P. Adrena l  fnnc t ion  and  serum pro te in  con- 
centra t ions  in a k indred  wi th  decreased cor t icos teroid-binding g lobu l in  (CBG) concen- 
tration, J Clin Er~docr 27:966, 1967. 

27. DOE, R. P., FrR.X~,XDr.Z, R., and  SEAL, U. S. Meas t t rement  of cor t icos teroid-binding 
g lobul in  in man.  J Ctin Endocr 24.'1029, 1964. 

28. WURVMAN, R. J., RosE, C. M., C . o u ,  C., and  LARIN, F. L. Daily r h y t h m s  in the  con- 
centra t ions  of ~arious a m i n o  acids in h u m a n  plasma.  New E , g  ] Med 279:171, 1968, 

29. Z1XNrrqA~, H. H., jonxso ,x ,  j .  j . ,  and  SEAl,, U. S. Effect of shor t - t e rm therapy  wi th  
cortisol on the  u r ina ry  excret ion of free a m i n o  acids. J Clin E~zdocr 23:996, 1963. 

30. ZttqNrMAN, H. H.. SE.~L, U. S., and  DoE, R. P. Ur ina ry  a m i n o  acids in pregnancy, fol- 
lowing progesterone and estrogen-progesterone.  I Clin E~doer 27.'397, 1967. 

31. LovsertCH, W. D. T h e  role of insu l in  in the metabo l i sm of a inino acids. J Biol Chem 
179:175, 1949. 

32. ZIN~rMAN, H. H. NUTZAIa,, F. Q., and  Gocvz, F. C. Effect of endogenous  insu l in  on 
h u m a n  a m i n o  acid metabol i sm.  Diabetes 15.'5, 1966. 

New Series, Vo]. 14, No. 2, 1969 125 



Zinneman ef a/. 

33. NINe,, ~[., I,OWFNSTEIN, L. M., and  DAvmsox, C. S. Serum amino  acid concentrat ions  in 
alcoholic hepati t is .  ] Lab Ctin Med 70:554, 1967, 

34. l)r.',r, C. E. l h e  renal aminoacidur ias .  Exp Med Sung 12:229, 1954. 
35. l)rxw, C. E., and  1,V.'~I.SHE, J. M. A m i n o  acid metabol ism.  Brit Med Bull 10:247, 1954. 
36. BICKEL, H. Die \Vilsonsche Krankhei t  als Stoffwechselproblem. Deut.~ch Med Wschr 83: 

766, 1958. 
37. LARC.~X, A., (;ROSDIDIFR, J.. HI'RIET. C., and  KIFrER, B. Diab~'te sucr6 apr6s anastomose 

porto-cave: ?~ propos d ' u n e  observat ion.  Le Diabg, te 235, 1965. 
38. COVES, J. E., FIELD, (7;. B., BImwx. G. J. A., and  RVAD, A. E. h n p a i r m e n t  of lung  funct ion 

after  portacaxal  anastomosis .  Lancet 1:952, 1968. 
39. l)Eg'r, C. E.. and STO'~FRS. J. M. Adul t  Fanconi  s x m h o m e  and cirrhosis. B~it Med .1 

1:52(/, 1965. 

L e c t u r e  on  G a s t r o i n t e s t i n a l  H o r m o n e s  

The nineteenth annual lecture for the Gastrointestinal Section of 
the American Physiological Society will be held on Thursday, Apr. 
17, 1969, during tile spring meeting of the Federation of American 
Societies for Experimental Biology in Atlantic City, N. J. Morton i. 
Grossman, M.D., Veterans Administration Center, Los Angeles, CaliL. 
will speak on g2;trointestinal hormones. 
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