
THE ROLE OF H Y A L U R O N i D A S E  IN THE PROCESS OF U R I N A R Y  E X C R E T I O N  

L.  N .  I v a n o v a  

Department of Normal Physiology 01cad - Corresponding Member Acad. Med. Scl. USSR 
A. G. Ginetsinskil), Novosibirsk Medical Institute (Director - Pzofessor G. D. Zalesskii) 

{Received February 18. 1958. Presented by Academician L. A. Orbell) 

The problem of mucolytlc enzymes, particularly the enzyme s}~tem of hyaluronidase-hyaluronic acid, 
has attracted the attention of research worke~ from various points of view. Published experimenral and clinical 
data provide evidence for the role of  this s)~tem in membrane permeability, tn the physiology and pathology 
of connective tissue.etc. 

The least known role of hyaluronida~e Is Its participation in the regulation of water-~alt metabolism. 
Only isolated observaticns ate available tn th!s respect which indicate that the mucolytic s)utem is involved 
In the active binding of water and electrolytes [2-6]. 

As already reported [1] the enzyme hyaluro~tdase has been found in the urine of  man and atfimals; this 
work was carried out in the laboratory of A. G. Ginet.~inskii. It was established that the h)'aluronidase activity 
of the urine was strictly dependent on the extent of diutesi% showing a decline along a characteristic curve 
following hydration.  

Thepresent  hlvestigation is concerned with flltther studies of this question. 

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

Experiments were performed on dogs with u~eters exte~ ' . ized in .,bd0minai skin f laps.  The hyaluroMdase 
activity of the urine was determined viscosimetrically, the me thod being based on the ability of hyaluronidase 
to depoiymerize hyaluronie acid with comequent lowering of Its viscosity, The enzyme activity was expressed 
in conven~onal units: I conventional unit corresponding to fl~e activity of  a preparation causing a l~o drop in 
the viscosity of the initial solution of hyaluronic acid in the course of 20 minutes. 

EXPERIMENTAL RESULTS 

In attempting to analyze the cause of decline In hyaluronidase activity of the urine with increase in di- 
uresiso the idea first presents itself that the activity drops as the result of dilution of the enz)a-ne entering the 
lumen of the nephron in some constant concentratiotl, tlowevero appropriate Investigation showed that io'.-ering 
of enz~ne  activity observed during increasing urinary excretion could not be explained by a concentration 
effect. The hyaluronidase activity of  urine obtained with small diurcsis remained relatively high on dilution of 
urine In vitro and'dr0pped to zero only when a considerably greater dilution than that observed in natural in- 
crease of  diuresls was employed ffig.  1}. 

Nor is the value of hyaluronida~e activity appreciably altered by concentraffon of urine collected during 
massive diuresis. If the iPAtiai sample is inactive, no actlvity can be de~cted on concentrating the urine to 
a volume corresponding to a low level of urinary excretion. 

Experiments In which urine was dial~-zed and reduced under vacuum to a volume corresponding to a di-  
uresis of 0.2 ml/min X m z also Indicated that tl~e curve denoting the depe.:!ence of hyaluronldase activity 
did not result from changes in concentration. The u~e of this method of analysis excluded the influence of 
dilution and of a possible salt effect in every s:,mple. 
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Fig. 1. Effcet of dilution on the hyaluronidase 
activity of urine. 
O) Hyaluronidase activity of urine under natural 
conditions; [:I) hyaluronidase activity of sample 
a after dilution of the urine to volumes corres- 
ponding to diuresis of 0.3; 1.2 and 3.5 ml/hain X m I. 
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Fig. 2. Dependence ofhyaluronidase activity on 
the tnal~litude cf diure~is after dial)~.is and con- 
centration of urine to a constant volume. 
O) Hyaluronidase activity of urine under natural 
conditions; A)hyalu~oaidase activity of urine 
under standardized conditions. Sample at obtained 
by dial)sis of  urine collected during diuresis of 
0.12 ml/Inin X m t and addition to it of distilled 
water to correspond to the volume 0.2 ml]mln X mt. 
Sample b t obtained by dial)~is of urine collected 
during diuresis of 0.2 ml /mln  x m t. Samples c, 
d, e t obtained by dial~is of corresponding samples 
of uri,e collected dtu:ing diuresis exceeding 0.2 
ml /min  • ni t and reduced to this volume by con- 
centration under vacuum. 

Figure 2 delnoilstrates one of the typical ex- 
pednicnts of this scries. It shows that hyaluronl- 
dase activity of urine u,der standardized conditions 
changes with the same cotlsistenc.y as under natural 
conditions but the ciirve Is situated at a higher level 
owing to removal of concentration and salt e[fectJ. 
This Indicates that true diminution of enzyme lib- 
erati0n by renal tissue occurs as increased urinary 
excretion develops. In order to discover the nature 
of the processes underlying changes in hyaluronl- 
dase activity of urine we were interested in finding 
out whether the relationship-established by us per- 
sisted during development of dturesis indticed by 
other factors than hydration. An osmotic diuretic 
agent - urea - was used for this purpose. 

The osmotic load was given to the dogs per 
el on the basis of 0.5 g urea per 1 kg body weight. 
The hyaluronidase activity Was determined after 
dialysis and adjustment of the urine re a vohnne 
corresponding to a diuresis of 0.2 mlfinin x m 2. 

It is known that water diuresis develops as 
file result~ o r diminished faculta~ve reabsorptl-on 
o[ water. Increased diuresis fo11.owlng urea ad- 
ministration however, has a different mechanism. 
Urea whicl~ enters.the filtrate in large quantitics binds 
the water osln0dcally, causing its retention in the 
tubules. In this c~se the extent of diuresis is deter- 
mined by the degree of diminution of obligatory 
reabsorpfion. 

Urinary excretion under the influence of 
osmotic diuxetics increases not as the result of re- 
dtiecd facultative reabsorption as in ~,tater diuresis 
but as a consequence of inflow Into the distal seg- 
ment of d~.e nephroli of a volume of fluid in excess 
of that which' can be reabsorbed despite the maxi-  
mal intensity of processes occurring there. 

The fall in hyalurontdase activity of the urine 
is thus conned:ted not with the fact of increased 
urinary excretion irzelf but with d~e ph)~iologie 
mechanism responsible for the development of  in- 
creased diuresis. Low hyaluronidase a c t i v i t y -  and 
at a certain critical level, zero activity - is asso- 
ciateti with water diuresis which occurs under con- 
didons of suppresscd facultative reabsorption. 
Osmotic diuresiso on the other hand,  occurs under 
conditions of intensive facultative reabsorption and 
Is associated ~tith high hyahironidase activity of 
urine (Fig. 3). 

Thcse data permit the conclmion that the system hyaluronidaseqlyaluronic acid participates in the process 
of water zeabsorption which takes place in tile distal segment of file nephron. 

The rllaln factor responsible for stimulation of water transport lit the distal segment is known to be the 
antidiuredc hormone of the hypophysis. It fllerefore appeared wise to tnve_*tigate d~e infh~eflce of thi~ hormone 
on the hy,llurollidase activity of urine: 
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Fig. 3. Relation of hyah'~ronidase activity of urine to magnitude of urinary 
excretion during osmotic diuresis. 
Broken line denotes thi~ relationship during water diuresis. Data obtained 
In 11 experiments on 2 dogs. 

Pitt,itrin P was used as a prei?aration containing antidiuredc hypophiseal hormone; it was injected intra- 
venously in the dose of 0.005 unir_s per 1 kg body weight. In the first series of experiments the effect of pitui- 
trin was studied with administration of the preparation after 3% water loading against the background of diuresis 
of ~uch extent that no hyaluronidase activity could be de~ecredin-the urine. It was found fl',at following pitui- 
trln injection the diminution in diuresis was accompanied by a definite increase in hyaluronidase activity of 
urine, die activity changing in accordance with file magnitude of urinary excretion and coinciding exactly with 
the typical curve obtained in control experiments. 

T A B L E  1 

Influence of Hypophyseal Antidiuretic Hormone and of In Vitro Concentration 
on the Hyaluronidase Activity of Urine 

Original sample 

diuresis 

0.82 
0.82 
0.83 
0.83 
0.83 
0.94 
0.94 
0.94 
0.98 
0.98 
1.6 
1 6  
1.6  

activity 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

Pitu_~itri.__n administration Activity of 
diuresis in urine concen- 

m l / m i n . m  t activity trated in vitro 

12 
? 

15 
13 
14 
9 

II 
12 
13 
4 

12 
7 
9 

0.21 
0.36 
0.40 
0.45 

, 0.33 
0.1 
0.56 
0.23 
0.'26 
0.55 
0.36 
0.6 
0.7 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2~7 



Special experiinents cstabllflled convluchlgly that the autldlurctlc hornioue exerted 11o effect Oil hyaluro- 
nldase In vitro. Consequently, die Increase In hyalurouldase activity of urluc follovdng hltroductlon of pltultrin 
cannot be the result of direct hormonal influcnce on file actlvlty of file enzyme. 

Increase In urinary activity after injection of phultdn cannot be explained by a simple lnc;ease In hyalu- 
tonldage concentration ditring small diuresls clthcr; fills Is clearly demonstrated by experiments with parallel 
Investigation of urine concentrated in vitro under vacuum and In vlvo as die result of anttdiuretlc hormone 
action. 

The experimental procedure of appropriate experiments, whose data are presented In Table 1, consisted 
of the following: 2 samples of urine were collected from the animal, during extensive dturesis after hydration 
and after administration of phuitrln when die dturesls was considerably reduced. Part of tile urine obtained 
during extei~ive diurcsis was concentrated under vacuum at a temperature of 37" to a degree corresponding to 
the diminution of diuresls under the Influence of pituitrln as compared with the original. The hyaluronldase 
activity was determined In all 3 samples. 

As Table 1 shows, considerable increase In activity is found In tile urine obtaincd after Injection of plt-  
uittin, whereas urine of tl:e same volume but concentrated in vitro possesss no hyalurouidase activity. It follows 
therefore flint increase of hyah,.ronidase activity under the influence of the anitdiuretic hormone Is not deter- 
mined by concentration changes and is, evidently, tlle result of Increased liberation of the enzyme by renal 
tissue elements. 

TABLE 2 

Effect of Water-Osmotic Load and Pituitrin on the Hyaluronldase Activity of Urine 

Water load 

diuresis in [ activity 
ml /mln �9 m t 

I 

Admlulstrati. on of Urea 
diuresis In [ 

! /mtn .  m t ] activity ] Administration of pituitrin-- 

diuresis in 
m l / m i n ' m t  ! activity 

0.98 
4.5 
2.8 
2.8 
3.0 

1.2 
!.8 
1.5 
4.5 

14 
0 
0 
0 
2 

E x p e r i m e n t s  on t h e  d o g  M o l l i  

3.6 14 
6.0 0 
6.0 0 
6,0 0 

12.0 2 

E x p e r i m e n t s  on the .  d o g K u t s e i  
i 

0 I 2.5 0 
0 [ 7.0 0 
0 5.5 0 
0 11.0 0 

2.9 
2.8 
5.5 
2,8 
7.0 

1.9 
I . I  
2.2 
2.8 

44 
30 
28 
31 
13 

I! 
!1 
13 
16 

However, in the experiments described, tile cff~:ct of the antidiuretic hormone was investigated against 
the background of considerable reduction of diuresis when tile urine usually shows hyaluronidase activity. In 
order to trace the action of antidiuretie hormone without appreciable fall in diuresis a combined water-osmotic 
load war used. The animal was given urea in the dose of 0.5 per I kg body weight against the background of 
developed water diuresis. When the diuresis increased still further the animal was given pltuitrin Intravenously. 

The hyaluronidase activity was determined in the urine which was preliminarily dialyzed and adjusted 
to the volume corresponding to a dluresls of 0.2 ml/mln X m 2 to exclude in all samples the possibility of salt 
or concentration effect. 

As can be seen from Table 2, in which the data of this series of experiments is presented, water loading 
increazes diuresis to such an e• that the urine either loses Its hyalurontda~e activity completely or only ex-  
hibits slight activity. 



Administration of orca after watcr loading Increase; diurcsls but exerts no htflucuce on the magnitude of 
eJ|zylne activity, Since under conditions of hypethydratlon of the organl~ul the facultatlve rcabserptlon does 
IIOt rise. Follovd. ng injection of pltuttrln, which Increases distal reab~crption of water, tim diuresis dinllulshc$ 
sonmwhat but thanks to tile osmotic activity of urea, continues to ntalutaln a h|~JI level considerably In excess 
of that during the initial water dlure'sis. Despite this, the udne acquires considerable hyaluronidase activity. 

The experiments carried out suggest the following conclusions: 

1. The dependence ofhyahtronidase activity of urine on the extent of diuresls cannot be explained in 
terms of simple dilution, salt effect or change ill the volffme of  urine in which the enzyme is distributed~ The 
characteristic curve of hyalnronidase activity of urine depends on the differences in intensity of liberation of 
the enzyme by renal tissue element~ associated with changes In the extent of urinary excretion. 

2. The urine shows high hyaluronidase activity when the animal's blood stream has a high concentration 
of the antidiuretie hormone and when distaI reabsorption of  ,aater is intense. Reduction Ill concentration of 
the anddiurede hormone and of distal reahsorption of water, as is the case after water loading, is accompanied 
by a corresponding change in the enzyme activity of urine. 

3. Liberation of the hyaluronidase enzyme by renal tissue elements is related directly to the process of 
distal reabsorption of water and is regulated by the antidiuretic hormone of die pituitary. 

S U M M A R Y  

The activity of hyalt'roiddase which was detected In the mine of man and animals in weak diuresis is 
changed according to a characteristic curve when ,urine excretion Is increased. Dependence of  its activity on 
the diuresis cannot be explained by dilution,salt effect or by the change of the volume of urine in which the 
enzyme is distributed. Evidently the curve of hyalnronidase activity is connected with var),~ng intensity of 
liberation of the enzyme by the elements of kidney tissue. 

High hyaluronidase activity is found in cases when the concentration of tile antidiuretic hormone in the 
blood is high and intense reabsorption of water tak~ place in the distal segment of the nephroa. This suggests 
that excretion of hyaluronidase by the elements of kidney tissue has a direct relationship to the process of active 
reabsorption of water. It is regolated by the antidiuretic h)pophyseal hormone~ 
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