
R O L E  OF A C I D  M U C O P O L Y S A C C H A R I D E S  OF T H E  

K I D N E Y  IN T H E  M E C H A N I S M  OF R E A B S O R P T I O N  

OF O S M O T I C A L L Y  F R E E  W A T E R  

L.  N. I v a n o v a  a n d  N.  N.  M e l i d i  UDC 612:463:[612.398.14:547.963.1 

His tochemica l  c h a r a c t e r i s t i c s  of acid mucopo lysaecha r ides  (MPS) of the r ena l  medul la  we re  
c o m p a r e d  with the indices of kidney function in dogs dur ing wa te r  and osmot ic  d iu res i s  and 
polyur ia  induced by admin i s t r a t ion  of hepar in .  Changes in staining fo r  MPS w e r e  found to 
c o r r e s p o n d  to the intensi ty of r eabso rp t i on  of osmot ica l ly  f r ee  water .  The r e su l t s  suggest  
that changes  in the phys icochemica l  p r o p e r t i e s  of MPS a r e  one of the s ignif icant  f ac to r s  de -  
t e rmin ing  the pe rmeab i l i t y  of s t r u c t u r e s  of the rena l  medul la  to movemen t  of wa t e r  f r o m  the 
lumen of the tubules into the in t e r s t i ce s .  
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The basic point of A. G. Gine t s insk i i ' s  hypothes is  r ega rd ing  the m e c h a n i s m  of act ion of ant idiuret ic  
ho rmone  on the m a m m a l i a n  kidney is  the view that hya lu ron idase  and the s y s t e m  of acid mucopo lysaceha -  
r ides  play a ro le  in regulat ion of the pe rmeab i l i t y  of the medul la ry  s t r u c t u r e s  for  m o v e m e n t  of wa te r  along 
the osmot ic  gradient  [2, 4]. However ,  the p rob l em of whether  changes  in the s ta te  of mucopo lysacchr ides  
a r e  d i rec t ly  connected with the facul ta t ive  r eabsorp t ion  of wa te r  r e m a i n s  under  d iscuss ion  [9, 11, 18, 19, 
211. 

The object  of this invest igat ion was to a s c e r t a i n  the p r e s e n c e  of c o r r e l a t i o n  between the h i s t o e h e m -  
ical  c h a r a c t e r i s t i c s  of acid mucopo lysaccha r ides  of the kidney t i s sue  and the intensi ty of r eabso rp t ion  of 
osmot ica l ly  f r ee  wa t e r  in po lyur ia  s t imula ted  by f ac to r s  di f fer ing in the i r  mechan i sm of action: admin i s -  
t ra t ion  of wa te r ,  of an osmotic  diuret ic ,  and of hepar in  (a compe t i t ive  inhibitor of hyaluronidase) .  

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

Exper imen t s  w e r e  c a r r i e d  out on 24 dogs weighing 10-12 kg. At a p r e l i m i n a r y  opera t ion on the  ani -  
m a l s  the u r e t e r s  w e r e  ex te r io r i zed  on the abdominal  wall,  a gas t r i c  f is tula was formed,  and the jugular 
vein was ca the te r ized .  Water  d iu res i s  was induced by injecting wa te r  into the s tomach  in a volume of 7% 
of the body weight. Urea  was used as  the osmot ic  diuret ic  and a lso  was  injected into the s tomach  (1 g/kg).  
Hepar in  (Gedeon Richter ,  Hungary) was injected in t ravenously  in a dose  of 1250 uni ts /kg.  

The intensi ty of r eabso rp t ion  of osmot ica l ly  f r ee  wa t e r  was de t e rmined  by ca lcula t ing  the p a r a m e t e r  
Tft20 tfrom the c ryoscop ic  data [3]. The f i l t ra t ion  level  was de te rmined  f rom the endogenous c rea t in ine  
c l e a r a n c e  [8]. The wa te r  excre t ion was ca lcula ted  as  a pe r cen t age  of the quantity f i l tered.  

Acid mucopo lysaccha r ides  in the medul la  of the kidney r emoved  f rom the an imal  guillotined at the 
height of polyur ia  we re  detected by h i s tochemica l  methods:  s taining by H a l e ' s  method [1] and toluidine blue 
at dif ferent  pH values,  with a p p r o p r i a t e  con t ro l s  [17]. 

E X P E R I M E N T A L  R E S U L T S  

Adminis t ra t ion  of wa t e r  to the an ima l s  led to a change in renal  function typical  of wa t e r  d iu res i s :  an 
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TABLE 1. Changes in Indices of Renal  Function and His tochemica l  C h a r a c t e r i s t i c s  of Acid 
Mucopolysacchar ides  in In ters t i t ia l  T i s sue  of Renal Papi l la  during Various  Types  of 
Po lyur ia  (M • m) 

Indic es of renal  func- 
tion and h i s tochemica l  
staining fo r  mucopoly-  
saccha r ides  

Diures i s  
(in m l / m i n -  m 2) 

Water  excre t ion  
(in % of fi l tration) 

F i l t ra t ion  
(in m l / m i n -  m S) 

Reabsorpt ion  of o s m o -  
t ically f r ee  w a t e r  
(in m l / m i n -  m 2) 

~ - M e t a c h r o m a s i a  
Staining by Ha le ' s  

method 

Adminis t ra t ion  of wa t e r  
(n=9) 

m a x i m u m  of 
ini t ial ly r e sponse  

0.5• 

0.95• 

61.0• 

11.2• 

14.0• 

58.2• 

- 5 . 6 •  
+ 

+ 

Adminis t ra t ion  of urea 

(n=9) 
m a x i m u m  of 

init ial ly r e s p o n s e  

0.8• 

1.1• 

51.1• 

4 .3•  

7.1• 

50.4 • 

4 .5•  

m 

injection of hepar in  
(n =6) 
�9 | m a x i m u m  of 

ini t ial ly ~ . . . .  r e sponse  
/ 

0.69• 0.49 • 

0.34-0.2 

0.9• 

61.0• 

1.4• 
q 

3.7q-1.2 

5.5• 

61.8• 

- 1 . 8 •  
+ 
+ 

inc rea se  in the r a t e  of ur ine  production without any significant change in f i l t ra t ion (Table 1) which was en-  
t i re ly  the r e su l t  of depress ion  of the reabsorp t ion  of osmot ica l ly  f r e e  wa t e r  in the dis ta l  segment  of the 
nephron. 

Microscopic  invest igat ion of the kidney in the region of the papil la  showed the c h a r a c t e r i s t i c  p ic ture  
of hyperhydra t ion  - intense s taining of acid mucopolysacchar ides  and of the in te rs t i t i a l  t i ssue ,  and high epi-  
thel ium of the col lect ing tubules (Fig. la) .  

The mechan i sm of d iu res i s  induced by an osmotic  diuret ic differed in pr inc ip le  f rom that descr ibed  
above. The r a t e  of d iu res i s  a f te r  adminis t ra t ion  of an osmot ica l ly  actfve agent i n c r e a s e s  as a resu l t  of in-  
hibition of the p rox imal  reabsorp t ion  of water .  Reabsorpt ion  of osmot ica l ly  f r ee  wa te r  occasional ly  is not 
inhibited but, by cont ras t ,  is inc reased  [6, 15, 20]. In the w r i t e r s '  e a r l i e r  invest igat ion [7], osmotic  d iu r e -  
s i s ,  by con t ras t  with wa te r  d iures i s ,  was found to be accompanied  by high hya luronidase  of the urine.  A s -  

Fig. 1. T r a n s v e r s e  section�9 through dog kidney in the region of the middle  th i rd  of  the papil la:  a) 
40 rain a f t e r  adminis t ra t ion  of water ;  b) 30 rain a f t e r  adminis t ra t ion  of urea;  c) 30 rain a f t e r  i n j e c -  
tion of heparin.  Toluidine blue,  pH 4.8, i m m e r s i o n ,  object ive 90 x. 
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suming that the acid mucopo lysaccha r ides  of the medul la  a r e  the s u b s t r a t e  for  action of rena l  hyaluronidase ,  
and that a change in these  subs tances  is  an essent ia l  s tage  in the distal  r eabsorp t ion  of water ,  it ought to be 
expected that the h i s tochemica l  c h a r a c t e r i s t i c s  of the rena l  mucopo lysaccha r ides  in osmotic  and wa te r  d i -  
u r e s i s  would dif fer  s ignificantly.  

In the s a r i e s  of exper imen t s  with osmot ic  d iu res i s  a rapid  i n c r e a s e  in the r a t e  of ur ine  product ion 
was obse rved  in the dogs a f t e r  in t ragas t r i c  injection of urea.  The i nc r ea se  in d iu res i s  was not accompanied  
by any significant  change i n f i l t r a t i o n ,  and it took p lace  against  the background of gradual ly  inc reas ing  r e -  
absorp t ion  of osmot ica l ly  f r ee  w a t e r  (Table 1). The  morphologica l  p ic ture  of the kidney at the height of d i -  
u r e s i s  was as follows: the intensity of s taining of the acid mucopo lysaccha r ides  in the region of the renal  
papi l la  was grea t ly  reduced,  the epithel ium of the col lect ing tubules was flattened, and the cap i l l a ry  network 
surrounding the col lect ing tubules was open (Fig. lb).  Despi te  the development  of polyur ia ,  the cytological  
and h i s tochemica l  c h a r a c t e r i s t i c s  of the medul la ry  subs tance  in osmotic  d iu res i s  we re  thus s i m i l a r  to those 
usually found in an imals  under  the influence of ant idiuret ic  hormone.  

An i nc r ea s e  in ur ine  product ion can be s t imula ted  by in t ravenous  injection of hepar in  [5]. It was c o n -  
cluded f r o m  the m arked  d e c r e a s e  in concent ra t ion  index during the per iod of development  of polyur ia  that 
the action of hepar in  is due to inact ivat ion of hya lu ron idase  and a d e c r e a s e  in the pe rmeab i l i ty  of the co l -  
lect ing tubules for  water .  In the p re sen t  expe r imen t s  a ma rked  polyur ia  also was obse rved  a f t e r  the i n t r a -  
venous injection of hepar in .  The i n c r e a s e  in d iu res i s  developed s imul taneous ly  with a sha rp  d e c r e a s e  in 
the r e s o r p t i o n  of osmot ica l ly  f r e e  wa t e r  whe reas  the f i l t ra t ion leve l  remained  unchanged (Table 1). 

Invest igat ion of the kidney obtained f rom an an imal  at  the height of hepar in- induced  d iu res i s  revea led  
dis t inct ive  changes  in the medul la  (Fig. lc) .  Although the genera l  his tological  p ic tu re  was s im i l a r  to that 
obse rved  in the kidney of the dehydrated animal  (flattened epithel ium of the col lect ing tubules and open v a s -  
c u l a r  network in the in te rs t i t i a l  t i ssue,  although the shape of the cap i l l a r i e s  was a l i t t le  modified, giving 
the i m p r e s s i o n  of slightly shrunken and empty vesse l s ) ,  at  the per iod of max ima l  d iu res i s  a f te r  injection of 
hepar in ,  a w e l l - m a r k e d  ~ - m e t a c h r o m a s i a  of the f ibrous s t r u c t u r e s  was obse rved  in the in te rs t i t i a l  t i s sue  
and ba semen t  m e m b r a n e s  of the co l lec t ing  tubules. The intensity of staining for  acid mucopo lysacchar ides  
co r r e sponded  to that found in dogs during max imal  wa t e r  d iu res i s ,  when the mucopo lysacchar ides  we re  in a 
h i g h - p o l y m e r  state.  

When d i scuss ing  the role  of mucopo lysacchar ides  in the reabsorp t ion  of w a t e r  the concept ,  suggested 
by seve ra l  w o r k e r s  [13, 14, 16], of the exis tence  of p r o t e i n - p o l y s a c c h a r i d e  m a c r o m o l e c u l e s  in the solu-  
tion in the fo rm of diffuse molecules  forming a specia l  type of gel f i l t e r  of in te rs t i t ia l  t issue,  which is c a p -  
able of r e v e r s i b l y  changing the r e s i s t a n c e  to the flow of fluid, is pa r t i cu l a r ly  important .  The unique d i s t r i -  
bution of acid mucopo lysaccha r ides  and the i r  f rac t ions  among the morphologica l  s t r u c t u r e s  of the kidney 
is not accidental  and s o m e  definite re la t ionship  mus t  exist  between the concent ra t ion  of mucopo lysaccha -  
r ides  and the functional significance of topographical  zones of the kidney. The concentra t ion  of hyaluronic 
acid and condroi t in  sulfates ,  de te rmined  in the region of the medulla ,  is fa i r ly  high - of the o r d e r  of 2 m g / g  
[10]. Consequently,  the content of mucopo lysacchar ides  in the renal  papi l la  is quite sufficient for  the f o r -  
mat ion of a s t ruc tu ra l  la t t ice,  with the p r o p e r t i e s  of a " m o l e c u l a r  s ieve ,"  and the pe rmeab i l i t y  of the in t e r -  
s t i t ial  t i s sue  for  wa t e r  diffusion mus t  be de te rmined  by the phys icochemica l  s ta te  of the mucopo lysaccha -  
r ides .  

The r e su l t s  of compar ing  the h is tochemica l  c h a r a c t e r i s t i c s  of the :mucopolysacchar ides  of the medulla  
with the p a r a m e t e r s  of kidney function in the var ious  types of polyur ia  indicate that the h i s tochemica l  f ea -  
t u re s  of the mucopolysacchar ides  co r r e spond  to changes in the intensi ty of r eabsorp t ion  of osmot ica l ly  f r ee  
water .  In c a s e s  in which the d iu res i s  is inc reased  by inhibition of distal  r eabso rp t ion  of wa t e r  (water of 
hepar in  d iures is ) ,  acid mucopo lysacchar ides  stain intensely in the renal  medulla  and a r e  probably in a high- 
p o l y m e r  state.  Converse ly ,  when d in res i s  is inc reased  through inhibition of wa te r  t r anspo r t  in the p rox i -  
maI  segment  of the nephron only, and dis ta l  w a t e r  reabsorp t ion  continues to r e m a i n  at a high level  (osmotic 
d iures is ) ,  the intensity of staining of the acid mucopo lysacchar ides  is sharp ly  reduced,  poss ib ly  as the r e -  
sult of a profound change in their  phys i cochemica l  s ta te  (depolymerizat ion or  degradat ion to diffusible f rac-  
tions). 

The r e su l t s  concerning co r r e l a t i on  between the s ta te  of mucopo lysacchar ides  and the intensity of 
t r anspo r t  of osmot ica l ly  f r ee  wa t e r  fo rm a bas i s  fo r  the conclusion that a change in the phys icoehemica l  
p r o p e r t i e s  of these  compounds is p robably  one of the mos t  impor tant  f ac to r s  de te rmin ing  the pe rmeab i l i ty  
of medul la ry  s t ruc tu r e s  to the flow of wa t e r  along the osmot ic  gradient  f rom the lumen of the tubules into 
the in t e r s t i ces .  

493 



L I T E R A T U R E  CITED 

i. V~ V. Vinogradov and L. P. Cheremnykh, Byull. ]~ksperim. Biol. i Med., No. I, 424 (1957). 
2. A.G. Ginetsinskii (A. G. Ginetziansky),Nature, 182, 1218 (1958). 
3. A.G. Ginetsinskii et al., in: Textbook of Methods of Investigation in the Physiology of Fishes [in Rus- 

sian], Moscow (1962), p. 202. 
4. A.G. Ginetsinskii, Physiological Mechanisms of Water and Salt Equilibrium [in Russian], Moscow- 

Leningrad (1963). 
5. A.G. Ginetsinskii and V. F. Vasil'eva, Fiziol. Zh. SSSR, No. 5, 519 (1963). 
6. M.G. Zaks and M. M. Sokolova, Fiziol. Zh. SSSR, No. 5, 532 (1963). 
7. L . N .  Ivanova, Byull. ]~ksperim. Biol. i Med., No. 3, 22 (1958). 
8. B . D .  Kravchinski i ,  The Modern Basis  of Physiology of the Kidneys [in Russian], Mo sco w -Len ing rad  

(1958). 
9. J . M .  Bowness and D. N. Bar ry ,  Canad. J. Biochem.,  5__00, 610 (1972). 

t0. C . M.  Cas to r  and J. A. Greene,  J. Clin. Invest., 47__, 2125 (1968). 
11. D. Cremaschi ,  S. Kenin, and M. Calvi, Atti Acad. N a z .  Licei,  Sci. Fis . ,  Mat. e Natur. ,  57, 429 (1971/ 

1972). 
12. J . H .  F e s s l e r ,  Biochem. J. ,  76_._, 124 (1960). 
13. T . C .  Laurent,  Ted. P roc . ,  25, 1128 (1966). 
14. A . G .  Ogston, Fed. Proc . ,  2_~5, 986 (1966). 
15. J. Robinson, Reflection on Renal Function, Springfield (1954). 
16. M. Schubert,  Fed. P roc . ,  2..~5, 1047 (1966). 
17. S .S .  Spicer,  J. Histochem. Cytochem.,  8, 18 (1960). 
18. C .N.  Sun, H. J. White, and E. L. Towbin, Nephron, 9, 308 (1972). 
19. K. Thurau et al., Ann. Rev. Physiol . ,  30, 441 (1968). 
20. L . G .  Wesson and W. P. Anslow, Am. J. Physiol . ,  170, 255 (1948). 
21. E . E .  Windhager, Ann. Rev. Physiol. ,  31, 117 (1969). 

494 


