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PROTEOLYTIC ACTIVITY IN PATIENTS WITH 

HYPERCATABOLIC RENAL FAILURE 

Walter H. Hörl 1* Roland M. Schäfer 1, Klemens Scheidhauer 1, 
Marianne Jochum^, and August Heidland 1 

department o f Medicine, U n i v e r s i t y o f Würzburg, 
2 S u r g i c a l C l i n i c , Department o f C l i n i c a l Chemistry 
and Biochemistry, U n i v e r s i t y o f Munich, FRG 

INTRODUCTION 

Despite several advances i n d i a l y s i s and medical therapy, the 
m o r t a l i t y r a t e f o r p a t i e n t s w i t h acute renal f a i l u r e (ARF) remains 
d i s t r e s s i n g l y high. When ARF i s associated w i t h major surgery or 
trauma, the m o r t a l i t y r a t e i s about 50 to 70 %. Such p a t i e n t s are 
oft e n hypercatabolic as a r e s u l t of sepsis, hemorrhage, or open-
d r a i n i n g wounds. They may be wasted or malnourished from underlying 
i l l n e s s e s . Losses o f glucose, amino acids and pr o t e i n s during hemo
d i a l y s i s or pe r i t o n e a l d i a l y s i s c o n t r i b u t e t o wasting. 

Total parenteral n u t r i t i o n w i t h amino acids and hypertonic 
glucose has been reported t o : s t a b i l i z e or reduce serum l e v e l s of 
urea n i t r o g e n , potassium and phosphorous improve wound heal i n g ; en
hance s u r v i v a l from ARF and pos s i b l y increase the r a t e o f recovery 
of renal f u n c t i o n 1 . However, n i t r o g e n balance remains negative i n 
a l l p a t i e n t s 2 suggesting t h a t decreased p r o t e i n synthesis i s not 
the sole cause of loss of body n i t r o g e n . Several studies have shown 
t h a t proteinases p a r t i c i p a t e i n p r o t e i n catabolism of p a t i e n t s w i t h 
hypercatabolic ARF3-6. This r e p o r t summarizes data concerning the 
p o t e n t i a l r o l e of proteases i n enhanced p r o t e i n breakdown i n 
pat i e n t s w i t h acute and chronic renal f a i l u r e , 

MATERIAL AND METHODS 

P r o t e o l y t i c a c t i v i t y i n plasma, d i a l y s a t e and u r i n e f r a c t i o n s 
was measured, as pr e v i o u s l y described, using as substrates Phos
phorylase kinase (from r a b b i t s k e l e t a l muscle), azocasein or a 
p a r t i c u l a r f r a c t i o n of hepatocytes3-7, Polyacrylamide gel e l e c t r o -

405 
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phoresis i n the presence of sodium d o d e c y l s u l f a t e was c a r r i e d out 
according t o Weber and Osborn 8. The i n h i b i t o r y a c t i v i t y of a l p h a i -
protease i n h i b i t o r ( a l p h a ^ - a n t i t r y p s i n ) was determined w i t h a com
mercial t e s t system (Boehringer, Mannheim, FRG). Plasma concentrat
ions of alpha2-macroglobulin (o^M) and alphas-protease i n h i b i t o r 
('oqPI) were evaluated by a r a d i a l immunodiffusion technique w i t h 
standardized immunodiffusion plates (Behringwerke, Marburg, FRG). 
Qu a n t i t a t i v e e s timation o f the plasma l e v e l s o f the e l a s t a s e - a l p h a i -
protease i n h i b i t o r ( E - ^ P I ) complex was c a r r i e d out w i t h a h i g h l y 
s e n s i t i v e enzyme-linked immunoassay 9. We r e p o r t here the r e s u l t s 
obtained i n : 12 healthy subjects aged from 22 - 39 years (seven 
males, f i v e females), 12 c h r o n i c a l l y uremic p a t i e n t s aged from 22 -
66 years undergoing r e g u l a r d i a l y s i s therapy (RDT) f o r 41.3 + 11.6 
month (nine males, three females) and 10 p a t i e n t s w i t h posttraumatic 
ARF aged from 19 - 45 years. Every 4th day venous blood was c o l l e c t 
ed immediately before and a f t e r d i a l y s i s . Furthermore, d i a l y s a t e 
and u r i n e f r a c t i o n s were c o l l e c t e d weekly on ic e i n the presence of 
0.01 % azide. 

RESULTS 

U l t r a f i l t r a t e d plasma f r a c t i o n s , obtained from healthy sub
j e c t s and RDT p a t i e n t s and prepared by u l t r a f i l t r a t i o n w i t h an Ami-
con XM 50 f i l t e r , had no e f f e c t on degradation o f Phosphorylase k i 
nase. However, the u l t r a f i l t r a t e d plasma f r a c t i o n s , obtained from 
p a t i e n t s w i t h posttraumatic ARF, were p r o t e o l y t i c . Figure 1 shows 
the d i g e s t i o n of the three subunits o f Phosphorylase kinase a f t e r 
incubation w i t h u l t r a f i l t r a t e d plasma f o r 1 min as well as 10 and 
24 hours. One minute a f t e r i n c u b a t i o n , the t y p i c a l subunit s t r u c 
t u r e of t h i s enzyme w i t h the three polypeptide chains: alpha (MW 
135,000), beta (MW 120,000) and gamma (MW 42,000) was observed. Ten 
hours l a t e r , the alpha subunit was p a r t i a l l y degraded, whereas the 
gamma subunit was completely digested. A f t e r 24 hours the whole en
zyme was destroyed. Phosphorylase kinase was also digested by p l a s 
ma u l t r a f i U r a t e s o f the other nine p a t i e n t s w i t h posttraumatic ARF 
w i t h i n 5 - 3 6 hour incubation period a t 37 °C. 

Free p r o t e o l y t i c a c t i v i t y i n the plasma may be a consequence 
of the low alpha2-macroglobulin values, whereas the concentrations 
of alphai-protease i n h i b i t o r ( a l p h a i - a n t i t r y p s i n ) were markedly en
hanced. Figure 2 shows the t r y p s i n binding capacity o f plasma taken 
from p a t i e n t s w i t h posttraumatic ARF and from RDT p a t i e n t s . The 
l e v e l s o f p r o t e o l y t i c a c t i v i t y ( a f t e r the a d d i t i o n o f increa s i n g 
amounts of t r y p s i n ) are s i g n i f i c a n t l y higher i n p a t i e n t s w i t h post
traumatic ARF compared w i t h RDT p a t i e n t s i n d i c a t i n g a lower t r y p s i n 
binding capacity of the plasma i n both groups o f p a t i e n t s compared 
w i t h healthy subjects. 
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F i g . 1: E f f e c t of an ultrafilträte of plasma from p a t i e n t H.H. on 
Phosphorylase kinase. 0.1 ml u l t r a f i l t r a t e (2.1 mg/ml), obtained by 
u l t r a f i l t r a t i o n of plasma through an Ami con XM 50 f i l t e r , was added 
t o 0.1 ml Phosphorylase kinase (1.5 mg/ml). Samples (1 min, 10 and 
24 hr a f t e r i n c u b a t i o n ) were subjected t o Polyacrylamide (5 % ) gel 
el e c t r o p h o r e s i s i n the presence of sodium d o d e c y l s u l f a t e 8 . 

The e f f e c t of hemodialysis therapy on plasma proteinase a c t i 
v i t y , leukocyte counts, plasma elastase-alphai-protease i n h i b i t o r 
(E- i P I ) complex as well as \Pl a c t i v i t y and plasma concentration 
i s shown i n t a b l e 1. The p r o t e o l y t i c a c t i v i t y of the plasma f r a c 
t i o n s was measured using azocasein as a subs t r a t e . Before hemodia
l y s i s we found a s i g n i f i c a n t increase i n RDT p a t i e n t s (+ 244 %; p< 
0.01) compared w i t h plasma samples o f healthy subjects (0.052 + 
0.004 U/mg p r o t e i n ) . The highest plasma p r o t e o l y t i c a c t i v i t y was ob
served i n p a t i e n t s w i t h posttraumatic ARF (0.255 + 0.044 U/mg). 
During hemodialysis therapy, however, there was a permanent decrease 
of plasma proteinase a c t i v i t y (0.127 + 0.019 vs. 0.037 + 0.007 U/mg; 
-71 %; p 0.001). Leukocyte counts decreased 10 min (21.1 %; n.s.) 
and 30 min (41.1 %; p<0,001) a f t e r i n i t i a t i o n of hemodialysis 
therapy. We observed a maximal increase of the plasma E- ajPI com
plexes a f t e r three hours (+ 409 %; p<0,001). In c o n t r a s t , plasma 
oi]PI a c t i v i t y and 'ajPI c oncentration were unchanged during hemodia
l y s i s therapy. 
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A p a r a l l e l d i g e s t i o n o f the subunits alpha, beta and gamma of 
Phosphorylase kinase was observed a f t e r incubation o f u r i n e f r a c t i o n s 
of p a t i e n t s w i t h posttraumatic ARF f o r 12 hours. However, when 
approx. 100-times concentrated d i a l y s a t e s (pore size 10,000 d a l t o n ) 
were incubated w i t h Phosphorylase kinase the alpha polypeptide chain 
o f the enzyme was completely degraded w i t h i n 1 hour. A f t e r 4 hr of 
incubation the gamma subunit was also t o t a l l y destroyed, w h i l s t 
approx. 2/3 of the beta chain was digested. 

- 400-

300-

200-

A c u t e rena l f a i l u r e 

R e g u l a r d i a l y s i s t r e a t m e n t 

105 165 225 285 

T r y p s i n ( u g / 0 . 1 m l p l a s m a ) 

Fig. 2: P r o t e o l y t i c i n h i b i t o r y capacity i n the plasma of RDT 
pa t i e n t s and p a t i e n t s w i t h posttraumatic ARF expressed i n percent 
of healthy subjects. 0.1 ml of plasma from experimental subjects 
were incubated f o r 60 min a t 37 °C wi t h increasing amounts o f 
bovine t r y p s i n . P r o t e o l y t i c a c t i v i t y was measured using azo-
casein as a substrate?. Means + SEM from f i v e experiments. 



Table 1 

E f f e c t o f hemodialysis therapy on plasma proteinase a c t i v i t y , leukocyte counts, plasma elastase-
alpha^-proteinase i n h i b i t o r (E- o^PI) complex as w e l l as o^PI a c t i v i t y and plasma concentration 

0 10 30 60 120 180 minutes 

Proteinase a c t i v i t y 
(U/mg p r o t e i n ) 0.127 0.103 0.095 0.087 0.059. 0.037 

+ 0.019 + 0.014 + 0.014 + 0.013 + 0.010° + 0.007° 

Leukocytes 
(cells/mm 3) 7,133 5,625 4,200 6,658 5,950 7,192 

+ 582 + 696 + 2 5 1 c + 441 + 607 + 824 

E - i a i P I 
(ng/ml) 188 196 326 373 602 769 

+ 20 + 25 + 56 a + 32 c + 84 c + 128 c 

aiPI 
(U/ml) 1.98 1.89 2.07 2.06 2.01 2.08 

+ 0.11 + 0 . 1 1 + 0.10 + 0.09 + 0.09 + 0.11 

aiPI 
(mg/dl) 254 257 268 258 260 271 

+ 14 ± 1 3 + 1 3 + 1 2 + 1 1 + 1 3 

Mean values,+ SEM from 12 exoeriments before and during hemodialysis therapy 
(Sp<0.05; t>p<0.01; tp<0.001) a 
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DISCUSSION 

The o b j e c t o f our study was t o i n v e s t i g a t e the r o l e o f pro
teases on the hypercatabolic s t a t e associated w i t h ARF, 

Figure 1 shows the p r o t e o l y t i c d i g e s t i o n of Phosphorylase k i 
nase by u l t r a f i l t r a t e d plasma from a hypercatabolic p a t i e n t w i t h 
posttraumatic ARF, Comparable data were obtained w i t h plasma u l t r a -
f i l t r a t e s from a l l p a t i e n t s w i t h posttraumatic ARF, 

Plasma u l t r a f i l t r a t e s from normal subjects and p a t i e n t s w i t h 
ARF a f t e r drug overdosage ( b a r b i t u r a t e , flurazepam, carbromal, 
d i f f e r e n t analgesics, aminoglycosides or c y t o s t a t i c s ) d i d not 
a f f e c t the subunit s t r u c t u r e of Phosphorylase kinase w i t h i n 24 
hours i n c u b a t i o n 4 . Furthermore, plasma ul t r a f i l träte of p a t i e n t s 
w i t h posttraumatic ARF also digests hepatocyte membrane f r a c t i o n s , 
whereas c o n t r o l ultrafilträte only demonstrates very f a i p t proteo
l y t i c degradation w i t h i n 24 hours of incubation a t 37 ° C 6 . 

Normally, d i g e s t i o n o f p r o t e i n i n the plasma i s e f f e c t i v e l y 
l i m i t e d by i n h i b i t o r s of proteases. A l p h a i - a n t i t r y p s i n (alphas-
protease i n h i b i t o r ) and alpha2-macroglobutin accounted f o r more 
than 90 % of the t o t a l protease i n h i b i t i n g capacity of plasma 1 0. I t 
has been shown t h a t plasma a l p h a i - a n t i t r y p s i n l e v e l increases i n 
p a t i e n t s w i t h ARF p a r t i c u l a r l y a f t e r m u l t i p l e traumatic i n j u r i e s . 
In c o n t r a s t to a l p h a i - a n t i t r y p s i n , the values of plasma alpha2-mac-
r o g l o b u l i n were markedly decreased 4. Free p r o t e o l y t i c a c t i v i t y i n 
the plasma may be a consequence of the r e l a t i v e low alpha2-macro-
g l o b u l i n values. However, these i n h i b i t o r s were measured by immuno
l o g i c a l techniques and t h e i r c o n centration shows no r e l a t i o n s h i p t o 
the b i o l o g i c a l a c t i v i t y of these i n h i b i t o r s . Trypsin binding capa
c i t y was s i g n i f i c a n t l y lower i n RDT p a t i e n t s and d r a m a t i c a l l y r e 
duced i n p a t i e n t s w i t h posttraumatic ARF compared t o healthy con
t r o l s . 

We have p r e v i o u s l y shown t h a t p r o t e o l y t i c a c t i v i t y of the ad
ministered plasma p r o t e i n s o l u t i o n s are lower than p r o t e o l y t i c ac
t i v i t y of plasma f r a c t i o n s of healthy c o n t r o l s 4 . Thus we can con
clude t h a t no p r o t e o l y t i c a c t i v i t y was infused i n t o our p a t i e n t s 
w i t h ARF. However, alpha2~macroglobulin was not d e t e c t i b l e i n the 
a v a i l a b l e plasma p r o t e i n s o l u t i o n s i n c o n t r a s t to r e l a t i v e low con
c e n t r a t i o n s of a l p h a i - a n t i t r y p s i n 4 . Free p r o t e o l y t i c a c t i v i t y i n 
the plasma of a p a t i e n t w i t h posttraumatic ARF was observed due to 
protease-antiprotease imbalance. A f t e r an i n i t i a l determination of 
80 mg/dl the alpha2-macroglobulin values were too low t o be d e t e c t 
ed. A d d i t i o n of p u r i f i e d alpha2-niacroglobul i n t o the ul t r a f i l t r a t e s 
r e s u l t e d i n complete i n h i b i t i o n o f Phosphorylase kinase d i g e s t i o n 
i n v i t r o 5 . According to our studies we favour the a p p l i c a t i o n o f 
alpha2-macroglobulin or f r e s h frozen plasma to hypercatabolic 
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p a t i e n t s . B a l l d i n et a l , have demonstrated t h a t the a v a i l a b i l i t y of 
alpha-macroalobulin i s of v i t a l importance f o r p r o t e c t i o n against 
p r o t e i n a s e s 1 1 . E l a s t a s e 1 2 and t r y p s i n 1 ^ are bound by alpha-macroglo-
b u l i n . Increased catabolism of alpha-macroglobulins a f t e r i n t r a 
venous i n f u s i o n of t r y p s i n - a l p h a i - a n t i t r y p s i n complexes has been ob
served i n dogs. More than h a l f o f the t r y p s i n molecules were taken 
up by alpha-macroglobulins during the f i r s t hour. Subsequent to sa
t u r a t i o n of alpha-macroglobulins dogs became shocked 1 1. 

P r o t e o l y t i c degradation of the subunits alpha, beta and gamma 
of p u r i f i e d Phosphorylase kinase was obtained by u r i n e f r a c t i o n s of 
p a t i e n t s w i t h posttraumatic ARF^, whereas u r i n e f r a c t i o n s o f p a t i e n t s 
w i t h nephrotic syndrome led to a prevalend d i g e s t i o n of the alpha 
polypeptide c h a i n 1 4 . 

When d i a l y s a t e s of RDT p a t i e n t s were concentrated approx. 100-
times we also observed r a p i d d i g e s t i o n of Phosphorylase k i n a s e 4 . 
From these experiments we may assume t h a t proteinase may also be 
involved i n the p r o t e i n catabolism of RDT p a t i e n t s . Furthermore, 
i t may be possible to remove i n p a r t p r o t e o l y t i c enzymes during 
d i a l y s i s treatment. 

Hemodialysis therapy has been reported t o be a c a t a b o l i c event. 
I t has been shown t h a t glucose i n the d i a l y s a t e i S as we l l as c o n t i 
nuous amino acid i n f u s i o n 1 ^ are i n e f f e c t i v e t o prevent t h i s cata
b o l i c s t a t e . The pathogenesis of hemodialysis induced p r o t e i n cata
bolism remains unclear. One p o s s i b i l i t y could be the release of 
granulocyte proteinases a f t e r s t a r t i n g hemodialysis therapy. 
Craddock e t a l . have demonstrated hemodialysis-induced leukopenia 
and pulmonary vascular leukostasis r e s u l t i n g from complement a c t i 
v a t i o n by d i a l y z e r cellophane membranes1?. 

Neutrophil granulocytes contain a broad v a r i e t y of agents t h a t 
are involved i n the defence and d i g e s t i o n of invading microorga-
nisms 1^. These include e l a s t a s e 1 ^ 1 9 , cathepsin G, proteinase-3, 
cathepsin B, cathepsin D and c o l l a g e n a s e 2 0 ' " . Lysosomal p r o t e i n 
ases are not r e s t r i c t e d t o the i n t r a c e l l u l a r compartment. They are 
r e a d i l y released e x t r a c e l l u l a r l y d u ring c e l l death, phagocytosis, 
exposure t o antigen antibody complexes, complement components and 
t o x i c substances such as endotoxins^,27. Under pat h o l o g i c a l con
d i t i o n s massive protease release may occur. This r e s u l t s i n t i s s u e 
injury28,29 and degradation of plasma p r o t e i n s , i f the a c t i v i t i e s 
of the c o n t r o l l i n g proteinase i n h i b i t o r s i n plasma and t i s s u e s are 
i n s u f f i c i e n t . 

Recently, Aasen e t a l . ^ 0 observed i n an experimental study 
( l e t h a l endotoxin shock i n canines) a c l e a r r e l a t i o n of the i n i t i a l 
drop of leukocytes (probably combined w i t h degranulation of these 
c e l l s ) to the appearance of the leukocyte elastase-^aj-proteinase i n -
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h i b i t o r complex i n plasma. S h o r t l y t h e r e a f t e r , the well-known d i s 
turbances of the blood systems arose i n d i c a t i n g t h a t consumption 
of t h e i r components might be due, a t l e a s t i n p a r t , t o the a c t i o n 
of l i b e r a t e d l e u k o c y t i c proteinases. 

Granulocyte elastase may be released during hemodialysis 
treatment probably due to the contact of blood c e l l s w i t h the blood 
l i n e s and the d i a l y z e r membrane (cuprophane) system. This contact 
may r e s u l t i n a " f r u s t r a t e d phagocytosis" and a subsequent p r o t e i 
nase release. However, leukopenia during hemodialysis therapy does 
not p a r a l l e l the increase of E-ajPI. Pulmonary vascular l e u k o s t a s i s 
r e s u l t i n g from complement a c t i v a t i o n by d i a l y z e r cellophane mem
branes may be involved i n t h i s process*?. Plasma 04PI a c t i v i t y and 
a i P I concentration were unchanged during hemodialysis therapy 
(Table 1). 

Alphas-protease i n h i b i t o r i s a dominating protease i n h i b i t o r 
i n plasma. I t forms complexes w i t h v i r t u a l l y a l l serine proteinases 
31,32 a n d s o m e b a c t e r i a l proteinases. A v a r i e t y o f oxidants i n c l u d 
ing myeloperoxidase produced by n e u t r o p h i l s as wel l as c i g a r e t t e 
smoke are capable of i n a c t i v a t i n g alphaj-protease i n h i b i t o r 3 3 " 3 5 . 

With decreased a l p h a i - a n t i p r o t e i n a s e concentration i n h i b i t i o n 
o f b a c t e r i a l and leukocyte proteinases i n the bronchial s e c r e t i o n 
may be i n s u f f i c i e n t or absent r e s u l t i n g i n a l v e o l a r damage and 
emphysema3^. In i d i o p a t h i c pulmonary f i b r o s i s progression o f the 
disease i s assumed due to a pr o t e i n a s e / a n t i p r o t e i n a s e imbalance. 
Acti v e collagenase has been observed i n the lavage f l u i d o f the 
lower r e s p i r a t o r y t r a c t 3 7 # 

Our r e s u l t s o f f e r the p o s s i b i l i t y t h a t the hemodialysis-in-
duced release of elastase may enhance the r i s k f o r development of 
d e s t r u c t i v e lung disease i n long-term RDT p a t i e n t s . 

P r o t e o l y t i c a c t i v i t y of the plasma f r a c t i o n s using azocasein 
as a substrate was higher i n RDT p a t i e n t s (+ 244 %; p<0.01) com
pared w i t h healthy c o n t r o l s (0.052 + 0.004 U/mg p r o t e i n ) . However, 
proteinase a c t i v i t y decreased permanently during hemodialysis 
therapy i n d i c a t i n g an a c t i v a t i o n of the plasma i n h i b i t o r y capacity. 
In agreement w i t h t h i s hypothesis we observed a f u r t h e r decrease 
of plasma proteinase a c t i v i t y during hemodialysis therapy a f t e r the 
a d d i t i o n of pork pancrease elastase t o the plasma samples obtained 
38 

SUMMARY 

1) P r o t e o l y t i c enzymes e x i s t i n u l t r a f i l t r a t e d plasma, con
centrated d i a l y s a t e s and urine f r a c t i o n s of p a t i e n t s w i t h p o s t t r a u 
matic renal f a i l u r e . Differences i n d i g e s t i o n p a t t e r n of phosphory-
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läse kinase suggest the existance of d i f f e r e n t proteases i n p a t i e n t s 
w i t h hypercatabolic renal f a i l u r e . 

2) Trypsin binding capacity i s reduced i n RDT p a t i e n t s and 
markedly lower i n p a t i e n t s w i t h posttraumatic ARF. 

3) Protein catabolism i s i n h i b i t e d i n v i t r o by alpha2-macro-
g l o b u l i n . From our i n v i t r o studies we favour the a p p l i c a t i o n o f 
f r e s h frozen plasma instead o f the a v a i l a b l e plasma p r o t e i n so
l u t i o n s to hypercatabolic p a t i e n t s . 

4) Hemodialysis may enhance proteinase i n h i b i t o r y capacity of 
the plasma. 

5) Hemodialysis therapy induces the increase of plasma E - X i 
PI. The continuous release of granulocyte elastase during hemodia
l y s i s therapy may enhance the r i s k f o r the development of destruc
t i v e lung disease. 

ACKNOWLEDGEMENT 

This work was supported by the Deutsche Forschungsgemein
s c h a f t , Ho 781/3-2 and Sonderforschungsbereich 51, München. The 
e x c e l l e n t t e c h n i c a l assistance of Mrs. M. Röder and Mrs. U. Hof 
as wel l as the s e c r e t a r i a l help of Miss M. E i r i n g i s g r e a t l y 
appreciated. 

REFERENCES 

1. R. M. Abel, C. H. Beck, J r . , W. M. Abbott, J. A. Ryan, J r . , 
G. 0. Barnett, and J. E. Fischer, Improved s u r v i v a l and acute 
renal f a i l u r e a f t e r treatment w i t h intravenous e s s e n t i a l L-
amino acids and glucose, N. Engl. J. Med. 288:695 (1973). 

2. M. J. Blumenkrantz, J. D. Kopple, A. "KofTTer, A. K. Kamdar, 
M. D. Healy, E, I . F e i n s t e i n , and S. G. Massry, Total paren
t e r a l n u t r i t i o n i n the management o f acute renal f a i l u r e , 
Am. J. C l i n . Nutr. 31:1831 (1978). 

3. W. TT H o r l , and A. Heidland, Enhanced p r o t e o l y t i c a c t i v i t y -
cause of p r o t e i n catabolism i n acute renal f a i l u r e , Am. >J. 
C l i n . Nutr. 33:1423 (1980). 

4. W. HTTörTTJ. S t e p i n s k i , C. Gantert, and A, Heidland, Evidence 
f o r the p a r t i c i p a t i o n o f proteases on p r o t e i n catabolism 
during hypercatabolic renal f a i l u r e , K l i n . Wochenschr. 59: 
751 (1981). 

5. W. H. Hörl, C. Gantert, I . 0. Auer, and A, Heidland, In v i t r o 
i n h i b i t i o n o f p r o t e i n catabolism by alpha2-macroglobulin i n 
plasma from a p a t i e n t w i t h posttraumatic acute renal f a i l u r e , 
Am. J. Nephrol. 2:32 (1982). 



414 W. H. HÖRLETAL. 

6. W. H. Hör!, J. S t e p i n s k i , and A, Heidland, Further evidence f o r 
the p a r t i c i p a t i o n of proteases i n p r o t e i n catabolism during 
hypercatabolic renal f a i l u r e , i n : "Acute Renal F a i l u r e , " H, E, 
Eliahou, ed., John Libbey, London (1982). 

7. W. H. Hörl, R. M, Schäfer, and A. Heidland, Role of u r i n a r y 
a l p h a j - a n t i t r y p s i n i n Padutin ( k a l l i k r e i n ) i n a c t i v a t i o n , Eur, 
J. C l i n , Pharmacol. 22:541 (1982), ~ ~ 

8. K, Weber, and M, Osborn, The r e l i a b i l i t y of molecular weight de
terminations by do d e c y l s u l f a t e Polyacrylamide gel electropho
r e s i s , J. B i o l , Chem, 244:4406 (1969). 

9. S. Neumann, N, Hennrich, G, Gunzer, and H. Lang, Enzyme-linked 
immunoassay f o r human granulocyte ^ - p r o t e i n a s e i n h i b i t o r com
plex, j j n : "Progress i n C l i n i c a l Enzymology - II,"D.M.Goldberg, 
M. Werner, eds., Masson Publ., New York (1983), i n press. 

10. C. B. Laur e l ! , and I , 0, Jeppson, Protease i n h i b i t o r s i n plasma, 
i n : "The Plasma Pr o t e i n s , " F, W, Putnam, ed., Academic Press, 
flew York, San Francisco, London (1975), 

11. G. B a l l d i n , C. B. Laur e l ! , and K, Ohlsson, Increased catabolism 
of ot-macroglobulins a f t e r intravenous i n f u s i o n o f t r y p s i n - a i -
a n t i t r y p s i n complexes i n dogs, Hoppe-Seyler's Z, Phy s i o l , 
Chem. 359:699 (1978). 

12. E. L. Gustavsson, K, Ohlsson, and A, S, Olsson, I n t e r a c t i o n bet
ween human pancreatic elastase and plasma protease i n h i b i t o r s , 
Hoppe-Seyler's Z. Phys i o l , Chem, 361:169 (1980), 

13. G. B a l l d i n , K, Ohlsson, and A. S, Olsson, Studies on the i n f l u 
ence of Tr a s y l o l on the p a r t i t i o n of t r y p s i n between the 
human plasma protease i n h i b i t o r s i n v i t r o , Hoppe-Seyler's Z, 
Physiol. Chem, 359:691 (1978). 

14. W. H. Hörl, T T T t e p i n s k i , R, M, Schäfer, and A, Heidland, Role 
of proteases i n hypercatabolic p a t i e n t s w i t h renal f a i l u r e , 
Kidney i n t . i n press (1983) 

15. P. F a r r e l l , and P, Hone, Dialysis-induced catabolism, Am, J, 
C l i n . Nutr. 33:1417 (1980). 

16. F. Gotch, M, Borah, M, Keen, and J, Sargent, The s o l u t e kine
t i c s of i n t e r m i t t e n t d i a l y s i s therapy (IDT), Proc, Ann. Con
t r a c t o r s Conf. A r t i f , Kidney Program NIAMDD 1TJ7IÜ5 JV377T, 

17. P. Craddock, J, Fehr, A, Dalmasso, K, Brigham, and H, Jacob, 
Hemodialysis leukopenia, Pulmonary vascular l e u k o s t a s i s r e 
s u l t i n g from complement a c t i v a t i o n by d i a l y z e r cellophane 
membranes, J, C l i n . Invest. 59:879 (1977). 

18. J. Blondin, an? A, Janoff, The r o l e o f lysosomal elastase i n the 
di g e s t i o n of Escherichia c o l i p r o t e i n s by human polymorpho
nuclear leukocytes, Jk C l i n . Invest. 58:971 (1976)-. 

19. A. Janoff, and J, Scherer, Mediators of inflammation l n leuko
cyte lysosomes, IX, E l a s t i n o l y t i c a c t i v i t y i n granules of hu
man polymorphonuclear leukocytes. J, Exp. Med. 128:1137 (1968), 

20. R. Rindler, F. Schmalzl, und H. Braunsteiner, I s o l i e r u n g und 
Charakterisierung der chymotrypsinähnlichen Protease aus 



PROTEOLYTIC ACTIVITY IN PATIENTS 415 

neutrophilen Granulozyten des Menschen, Schweiz. Med. Wschr. 
104:132 (1974). 

21. M. B a g g i o l i n i , U. Bretz, and B. Dewald, S u b c e l l u l a r l o c a l i z a t 
ion o f granulocyte enzymes, i n : "Neutral Proteases of Human 
Polymorphonuclear LeukocytesT^ K. Havemann, A. Janoff, eds., 
Urban and Schwarzenberg, Baltimore/Munich (1978). 

22. G. Lazarus, J. Daniels, R. Brown, H. Bladen, and H. Fullmer, 
Degradation of collagen by a human c o l l a g e n o l y t i c system, J. 
C l i n . Invest. 47:2622 (1968). 

23. K. Ohlsson, and J. Olsson, The neutra l proteases of human gra
nulocytes. I s o l a t i o n and p a r t i a l c h a r a c t e r i z a t i o n of two gra
nulocyte collagenases, Europ. J. Biochem. 36:473 (1973). 

24. U. Bretz, and M. B a g g i o l i n i , Biochemical and morphological 
c h a r a c t e r i z a t i o n of azurophil and s p e c i f i c granules of human 
n e u t r o p h i l i c polymorphonuclear leukocytes. J. C e l l . B i o l . 63: 
251 (1974). ~ 

25. G, Murphy, S. Reynolds, U. Bretz, and M. B a g g i o l i n i , Collage
nase i s a component of the s p e c i f i c granules of human neu
t r o p h i l leukocytes, Biochem. 01. 162:195 (1977). 

26. A. Janoff, J. Blondin, R. Sandhaus, A. Mosser, and C. Malemud, 
Human ne u t r o p h i l elastase: i n v i t r o e f f e c t s on natural sub
s t r a t e s suggest important p h y s i o l o g i c a l and pa t h o l o g i c a l 
a c t i o n , i n : "Proteases and B i o l o g i c a l C o n t r o l , " E. Reich, 
ed., ColcTSpring Harbor Laboratory, Cold Spring Harbor (1975). 

27. J. Smolen, and G, Weissmann, The granulocyte: Metabolic pro
p e r t i e s and mechanisms of lysosomal enzyme release, i n : 
"Neutral Proteases of Human Polymorphonuclear Leukocytes," 
K. Havemann, A. Janoff, eds., Urban and Schwarzenberg, Bal
timore/Munich (1978). 

28. A. Janoff, and J. Z e l i g s , Vascular i n j u r y and l y s i s of base
ment membrane i n v i t r o by neutral protease o f human leuko
cytes, Science 161:702 (1968). 

29. C. Cochrane, and A, Janoff, The Arthus r e a c t i o n . A model of 
neut r o p h i l and complement mediated i n j u r y , i n : "The I n f l a m 
matory Process," B, W. Zweifach, L. Grant, "RT T. McCluskey, 
eds,, Academic Press, New York, San Francisco, London (1974). 

30. A. 0. Aasen, and K. Ohlsson, Release of granulocyte elastase i n 
l e t h a l canine endotoxin shock, Hoppe-Seyler's Z. Physiol. 
Chem. 359:683 (1978). 

31. J. T r a v i s , P. G i l e s , L, P o r c e l l i , C, R e i l l y , R. Baugh, and J. 
Powers, Human leukocyte elastase and cathepsin G: s t r u c t u r a l 
and f u n c t i o n a l c h a r a c t e r i s t i c s , i n : "Protein Degradation i n 
Health and Disease," Ciba Foundation Symposium 75, Excerpta 
Medica, Amsterdam, Oxford, New York (1980). 

32. G. Francis, S. Knowles, and F, B a l l a r d , I n a c t i v a t i o n of cytosol 
enzymes by a l i v e r membrane p r o t e i n , j_n: "Protein Degradation 
i n Health and Disease," Ciba Foundation Symposium 75, Ex
cerpta Medica, Amsterdam, Oxford, New York (1980). 



416 W. H. HÖRLETAL. 

33. D. Johnson, and J. T r a v i s , S t r u c t u r a l evidence f o r methionine 
a t the r e a c t i v e s i t e o f human ^.-proteinase i n h i b i t o r , J. 
B i o l . Chem. 253:7142 (1978). 

34. H. Carp, and A. Janoff, In v i t r o suppression o f serum elastase 
i n h i b i t o r y capacity by r e a c t i v e oxygen species generated by 
phagocytosing polymorphonuclear leukocytes, J. C l i n . Invest. 
63:793 (1979). 

35. A. Cohen, The e f f e c t s i n v i v o and i n v i t r o of o x i d a t i v e damage 
to p u r i f i e d a l p h a i - a n t i t r y p s i n and t o the enzyme i n h i b i t i n g 
a c t i v i t y of plasma. Am. Rev. Respir. Pis. 119:953 (1979). 

36. N. Matheson, P. Wong, ancT J. T r a v i s , Enzymatic i n a c t i v a t i o n of 
human alpha i - p r o t e i n a s e i n h i b i t o r by n e u t r o p h i l myeloperoxi
dase. Biochem. Biophys. Res. Commun. 88:402 (1979). 

37. J. Gadek, G. F e l l s , R. Zimmerman, S. Rennard, and R. C r y s t a l , 
A n tielastases of the human a l v e o l a r s t r u c t u r e s . I m p l i c a t i o n s 
f o r the protease-antiprotease theory o f emphysema, J. CI i n . 
I nvest. 68:889 (1981). " 

38. W. H. Hörl, M. Jochum, A. Heidland, and H. F r i t z , Release of 
granulocyte proteinases during hemodialysis, Am. JL Nephrol. 
i n press (1983). 


