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A Poss ible  Role of Acid Mucopo lysacchar ides  in 
the Urine Concentrat ing Proces s  

On theore t i ca l  g rounds  STEPHENSON 1 a n d  KELMAN e t  
al. 2 a r r ived  a t  the  conc lus ion  t h a t  o smot i c  work  m u s t  
t ake  place in t he  i nne r  m edu l l a  of a c o n c e n t r a t i n g  k idney.  
The  n a t u r e  of th i s  osmot ic  work  is n o t  as ye t  clarif ied.  
Accord ing  to  BERLINER" a n d  JAMISON et  al. 4 the  t h i n  
l imbs  of t h e  loops of Hen le  ope r a t e  as c o u n t e r - c u r r e n t  
mul t ip l iers .  I n  t he  op in ion  of LEVER 5 t he  same  f u n c t i o n  
is car r ied  o u t  b y  t he  v a s a  rec ta .  Recen t ly ,  MARSH 6 ha s  
sugges ted  t h a t  o smot i c  work  is c o n t r i b u t e d  b y  t h e  col- 
l ec t ing  ducts .  These  theor ies  seem to agree  t h a t  a separa -  
t ion  of so lu te  f rom w a t e r  is ca r r i ed  o u t  b y  m e a n s  of selec- 
t ive  t r a n s p o r t  t h r o u g h  a m e m b r a n e ;  t h e y  differ, however ,  
w i t h  respec t  to  the  s t r u c t u r a l  e l e m e n t  of t he  i nne r  m edu l l a  
t h a t  pe r fo rms  t h i s  func t ion .  

The  purpose  of th i s  no te  is to  emphas i ze  t h a t  se lec t ive  
t r a n s p o r t  t h r o u g h  a m e m b r a n e  is no t  t he  on ly  process  b y  
which  s e p a r a t i o n  of so lu te  f rom w a t e r  can  be accom-  
pl ished,  a n d  t h a t  necessa ry  m e a n s  for a n  a l t e r n a t e  
m e c h a n i s m  are p r e s e n t  in  t h e  i nne r  medul la .  A new 
h y p o t h e s i s  will be  descr ibed  p r e s e n t l y  wh ich  is ba sed  on  
two  l ines of ev idence :  (1) t he  r ena l  m edu l l a  is r i ch  in acid 
mucopo lysaccha r ides ,  (2) so lu t ions  c o n t a i n i n g  acid muco-  
po lysaccha r ides  (MPS, e.g. h y a l u r o n i c  acid) e x h i b i t  a n o m -  
alous osmot ic  p roper t i es .  

A t  a r e c e n t  s y m p o s i u m  OGSTON 7 s u m m a r i z e d  the  
ev idence  wh ich  ind ica t e s  t h a t  h y a l u r o n i c  acid a p p e a r s  to  
be capab l e  of b i n d i n g  up  to  6000 ml  of w a t e r / g  d r y  sub-  
s tance .  I t  was  also d e m o n s t r a t e d  t h a t  f r om t h e  b o u n d  
w a t e r  o t h e r  solutes  of t he  s ame  so lu t ion  are, to  va r ious  
ex ten t s ,  exc luded ,  i.e. some of t he  w a t e r  t h a t  is b o u n d  to 
h y a l u r o n i c  acid does no t  serve as s o l ven t  for o t h e r  mole-  
cules in t he  s ame  solut ion.  Thus ,  i t  was r e p o r t e d "  t h a t  
t he  osmot ic  pressures  of m i x t u r e s  of h y a l u r o n i c  acid a n d  
s e r u m  a l b u m i n  were s ign i f i can t ly  g rea t e r  t h a n  t he  sum 
of the  osmot ic  pressures  of so lu t ions  c o n t a i n i n g  h y a l u r o n i c  
acid a n d  se rum a l b u m i n  s e p a r a t e l y  a t  the  same  concen-  
t r a t ion .  F u r t h e r ,  in  equ i l i b r i um  dialysis  e x p e r i m e n t s  i t  
was  d e m o n s t r a t e d  o t h a t  t he  d i s t r i b u t i o n  v o l u m e  of va r ious  
solutes  (e.g. inul in)  does no t  inc lude  a s ign i f i can t  p a r t  of 
the  w a t e r  in a h y a l u r o n i c  acid solut ion.  

I n  view of these  o b s e r v a t i o n s  t h e  fol lowing m e c h a n i s m  
m a y  be i n s t r u m e n t a l  in t he  u r ine  c o n c e n t r a t i n g  process  
in the  i n n e r  medul la .  An  M P S  s u b s t a n c e  is c o n t i n u o u s l y  
syn thes i zed  in t he  i n t e r s t i t i u m ,  and  i ts  w a t e r  b i n d i n g  
p r o p e r t y  becomes  effect ive  upon  release f rom a n  in t r a -  
cel lular  s i te  of syn thes i s .  Due  to  t he  a p p e a r a n c e  of excess 
M P S  in the  i n t e r s t i t i u m ,  t he  v a p o r  pressure  of w a t e r  is 
reduced,  and  w a t e r  t ends  to m o v e  in f rom t he  va scu l a r  
a n d  t u b u l a r  c h a n n e l s  t h a t  p e n e t r a t e  th i s  region.  Swel l ing 
and  loosening of the  i n t e r s t i t i a l  t i ssue  fol low a n d  wa te r -  
l aden  M P S  molecules  leave  t h r o u g h  l y m p h a t i c  a n d  vascu-  
la r  channels .  I t  shou ld  be n o t e d  t h a t ,  in  t h e  l igh t  of 
OGSTON'S ana lys i s  ~°,n, the  p resence  of a l b u m i n  in t he  
i n t e r s t i t i u m  m a y  be conduc ive  to a n  i n c r e m e n t e d  osmot ic  
p ressure  dif ference across t he  col lec t ing  d u c t  m e m b r a n e  
(which is no t  pe rmeab le  to  a lbumin )  a n d  to  a def ici t  in  
osmot ic  pressure  dif ference across t he  wal l  of t he  v a s a  
r ec t a  (which is, a t  leas t  pa r t i a l ly ,  p e r m e a b l e  to  a lbumin) .  
Consequen t ly ,  w a t e r  will  be more  ef fec t ively  w i t h d r a w n  
f rom the  col lec t ing  duc ts  t h a n  f rom t he  v a s a  recta .  W i t h  
r e spec t  to  t he  loops of HENLE, osmola l i t y  of f luid t h e r e i n  
will con fo rm w i t h  the  desc r ip t ion  of JAMISON et  al. 4 pro-  
v ided  t h a t  two cond i t ions  are fulfi l led : (1) b o t h  t h i n  l imbs  
r e a b s o r b  solute  to  a m o d e r a t e  ex t en t ,  and  (2) the  ascend-  
ing l i m b  is less p e r m e a b l e  to w a t e r  t h a n  the  descend ing  
l imb.  

I f  syn thes i s  a n d  s u b s e q u e n t  release of M P S  were the 
on ly  m e a n s  b y  w h i c h  ur ine  is c o n c e n t r a t e d  in t he  inner 
medul la ,  t he  a m o u n t  of w a t e r  r e a b s o r b e d  f rom the  c01" 
lec t ing  duc t s  shou ld  be p r o p o r t i o n a l  to  t h e  r a t e  of turn" 
ove r  of M P S  in th i s  region.  Accord ingly ,  osmot ic  c0N" 
c e n t r a t i o n  of t h e  co l lec t ing  d u c t  f luid in  t he  inner 
m e d u l l a  m a y  a t t a i n  a h igh  level  because  (1) t u r n o v e r  o! 
M P S  is rap id ,  or  (2) r a t e  of de l ive ry  of t u b u l a r  fluid 
t h r o u g h  t he  co l lec t ing  duc t s  is slow, as i t s  vo lume  has 
been  r educed  in more  p r o x i m a l  p a r t s  of t h e  tubules .  

GINETSINSKII 12 has  sugges ted  t h a t  t h e  effect  of anti" 
d iu re t i c  h o r m o n e  is m e d i a t e d  t h r o u g h  hyaluronida~ e 
enzyme.  A l t h o u g h  th i s  v iew has  n o t  b e e n  general Y 
accep ted  TM, a n  impress ive  v o l u m e  of i n f o r m a t i o n  has 
a c c u m u l a t e d  t h a t  l inks  M P S  s u b s t a n c e s  to  t h e  urine 
c o n c e n t r a t i n g  process  ~,1~. The  h y p o t h e s i s  p roposed  here 
a t t e m p t s  to  exp la in  t he  role of M P S  in a d i f fe ren t  manner '  

A sine q u a  non  of t h i s  h y p o t h e s i s  is t h a t ,  f rom the 
m a x i m a l l y  c o n c e n t r a t i n g  k idney ,  an  excess a m o u n t  0l 
M P S  m u s t  be re leased t h r o u g h  t he  l y m p h  a n d  venO~ 
blood.  T h e  a c t u a l  r a t e  of re lease of excess M P S  shoUl~ 
d e p e n d  u p o n  (1) h o w  m u c h  solute- f ree  w a t e r  is reabsorbe. 
f r om t h e  col lec t ing  duc t s  in  t h e  i n n e r  m e d u l l a  (whiCh is 
p r o b a b l y  n o t  more  t h a n  a f r ac t i on  of a m l / m i n  in dog  kidneY! 
a n d  (2) h o w  m u c h  M P S  is necessa ry  to b i n d  t h a t  amoUn~ 
of w a t e r  (poss ib ly  less t h a n  1 mg/ml) .  These  e s t i m ~ s i '  " 
wh ich  are h a r d l y  more  t h a n  gross a p p r o x i m a t i o n s ,  1 
ca te  t h a t  chemica l  p rocedures  c u r r e n t l y  ava i l ab le  for 
M P S  d e t e r m i n a t i o n  in p l a s m a  TM m a y  h a v e  to be forced ~.0 
or b e y o n d  t h e  l im i t  of s ens i t i v i t y  in  o rder  to  ve r i fy  tl~lS 
hypo thes i s .  A c o m p a r i s o n  of M P S  t u r n o v e r  r a t e s  in the 
r ena l  m e d u l l a  a n d  in o t h e r  o rgans  (e.g. skin) u n d e r  co~ 
d i t ions  of w a t e r  load ing  a n d  d e h y d r a t i o n  m a y  reve~ 
w h e t h e r  th i s  m e c h a n i s m  has  phy logene t i ca l l y  develop e 
in to  a useful  too l  of w a t e r  conse rva t ion .  

I n  s u m m a r y ,  b y  m e a n s  of b i n d i n g  more  w a t e r  than 
solute ,  M P S  m a y  c o n t r i b u t e  to  t he  u r ine  concent ra t ing  
process  in  t he  i nne r  m e d u l l a  of t he  m a m m a l i a n  kidneY' 
Th i s  h y p o t h e t i c a l  m e c h a n i s m  impl ies  t h a t  M P S  is sY n" 
thes ized  in t h e  i n t e r s t i t i u m ,  adso rbs  wate r ,  leaves  th~ 
k i d n e y  t h r o u g h  l y m p h  or  v e n o u s  b lood  a n d  is finally 
d i sposed  of in  a n o t h e r  organ.  E n e r g y  for  t h e  conce~" 
t r a t i n g  work  is p r o v i d e d  b y  syn thes i s  of MPS ,  and  the 
di f ference in p e r m e a b i l i t y  of t h e  col lec t ing  d u c t  and  v #  
r e c t u m  m e m b r a n e s  c o n s t i t u t e s  a n  a s y m m e t r y  t h a t  en" 
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ilpe res Unidirectional t r anspor t  of wa te r  in this system~L 
proaches for expe r imen ta l  ver i f ica t ion  of this hypo-  
sis are discussed xK 

11: A. G. OGSTON, personal communication. ~ ddendum. It has been brought to the author's attention that 
," rxO~oEo and P. J. KSUDS~,N [Proc. 1st. Int. Congr. Nephrol. 
ueneva/Evlan 1960; pp .571-573 (1961), S, Karger, BaselJ have 
Proposed a mechanism according to which enzymatic degradation 
of hyaluronic acid may contribute to the crcation of a hyper- 

~a ;srno.t!e environment in the renal medulla. 
arhc~pant of the USPHS Career Award Program. 

Rdsumd. Par  l ' adsorp t ion  de plus d ' eau  que de corps 
dissous, les acides mucopolysacchar ides  (MPS-s) de la 
medul la  in terne  du rein p e u v e n t  pa r t i c ipe r  g l '61aboration 
d 'u r ine  concentr6e.  Ce nouveau  m6eanisme hypo thd t ique  
laisse supposer  que  le M P S  est  le p rodu i t  d ' une  synth6se 
cellulaire e t  qu ' i l  prend t 'eau d ' adso rp t ion  au m o m e n t  de 
la secrdtion. Ensui te ,  le M P S  qu i t t e  le rein par  les voles 
veineuses  et  l ympha t i ques  et enfin se d6 t ru i t  duns un 
au t re  organe.  

G. G. PINTER 1~ 

Department o/ Physiology, University of Maryland 
School o[ Medicine, Baltimore (Maryland, USA), 
August 29, 1966. 

Zur Frame der Indolyl-3-acetaldehyd-Mutase in 
Mikroorganismen 

~..13eira T r y p t o p h a n a b b a u  durch Mikroorganismen und 
~12~ere Pflanzen wurde  un te r  ande rem das Auf t re ten  von  
2'~u°lyl-3-acetaldehvd (IAAld) Indolyl-3-essigs~ure ( IES)  
2rtcl #-(Indolyl-3)-~t 'hanol (fl-'I~ T r y p t o p h o l ) b e o b a c h -  
t.~t I_i~ , ____ 

.D.er biogenetische Zusammenhang  dieser 3 Subs tanzen  
oft in einer  D i smut i e rung  des IAAld  zu I E S  und 

~£~. gesehen. TEUSCHER1 n i m m t  eine spontane  Dispro-  
rtionierung an w~thrend KAPER und VISLDSTRA 9 bei 

agrobacterium tu'mefaciens, SCHWINN s bei Phytophthora 
~i ct°rum und LIBB~:RT 4 bei Pisum sativum und andere  
~etle  auch GORDONh) eine enzymat i sche  Di smut i e rung  

rrauten. 

al ,I)ie Exis tenz  einer  Indo ly l -3 -aee ta ldehyd-Mutase  wurde  
a~erd.iags yon KLUNGS6VR lZ angezweifel t .  Sie bezog sich 
~DBI b~ i n *  sonders auf den Nachwem elner iAAld-Oxldase  
he.~vena-Coleoptilen ~ und auf  einige eigene E x p e r i m e n t e  
v l r a  Tryptophans tof fwechse l .  Nach  ihren und unseren 

ersuchen ist keinesfalls eine spontane  Dismut i e rung  zu 
~.rwarten. IAAld  wird in wiissrigen LOsungen lediglich zu 
~aern verschwindend ger ingen Prozentsa tz  durch Luft-  

SaUerstoffl~ zu I E S  oxydier t .  Der  gr6sste Tell  des einge- 
~::Zteu IAAld  geht  durch  Po lymer i sa t ion  verloren,  fl-Itk 
~ n" ~cht n ~o ~, ~: achweisbar  , . Demnach  kgme also hOchstens 
"=tile e . . . . . .  
t~--., nzymat l sche  D l sp ropo r tmmerung  in Frage.  Dm 
~l~amtenz einer  Ace ta ldehyd-Mutase  zum Beispiel  in Milch, 
~e  ZUniehst yon  D~xoN und LUTVCAK-MAmq x~ angenom-  
Z. eu. WUrde, ist  al lerdings durch  Arbe i ten  yon RACKER x~ 
-~.e!felhaft geworden.  Es ist wahrscheinl icher ,  dass leich- 

itlg eine Aldehydreduc tase  und eine Aldehyddehgydro - 
~nase in sehr unterschiedl icher  Q u a n t i t i t  und Ak t iv i t~ t  

urliegen. 

Vgir un Mp- te r suchten  diese Frage  a m  Beispiel  einiger 
2-e~r°°rganismen, deren Tryptophans tof fwechse l  zum 

~e~iemlich genau bekann t  ist  ~,~ (Tabelle). 
,~ i Endomvco~s is  und Toruloosis  f inder  sich nach Ft i t -  
~rung YOn IA~Ald nur  fl-I]~ und" keine I E S .  Die Beteil i-  
~t~g einer Mutase  a m  IAAld -Abbau  kann  d a m i t  fiir diese 
n~, rarae ausgeschlossen werden. Bei den beiden Hanse- 

~a'St~ramen und bei Aerobacterium lassen sich be ide  
~ : ° , ~ e r i v a t e  nachweisen.  ~i)a jedoch 5-20real  m e h r  fl-I~, 

aES auf t r i t t ,  miisste neben einer eventue l l  vorhan-  

denen Mutase  eine sehr  ak t ive  Aldehydreduc tase  auf- 
t re ten.  

I n  zellfreien E x t r a k t e n  mi t  IAAld  und N A D H z  lgsst 
sich durch  die Abnahme  der  E x t i n k t i o n  bei 340 n m  ein 
Verbrauch  yon  N A D H  2 durch  eine Aldehydreduc tase  ~s 
nachweisen (Figur  1). 

In  A n s i t z e n  mi t  I A A l d  und N A D  s te ig t  dagegen die 
E x t i n k t i o n  an (Figur  1, K u r v e  I). Der  bei der O x y d a t i o n  
des IAAId  f re iwerdende Wassers toff  wird offensieht l ich 
auf  N A D  fibertragen.  Demnach  liegen nebene inander  eine 
Aldehydreduc tase  und eine Aldehyddehydrogenase  vor.  
Werden  die Enzyml6sungen  hochtour ig  zentr i fugier t  
( >  250000 g), so sed iment ie r t  die Aldehydreduc tase  
rascher  als die Dehydrogenase .  Die nachweisbare  Re-  
ductaseakt ivi t /~t  ist  gegenfiber  weniger  in tens iv  zent r i fu-  
g ier ten (70000 g) und anschliessend dia lys ier ten Ans~Kzen 
deut l ich  verminder t .  

Se tz t  man  n ich t  d ia lys ier ten E x t r a k t e n  (70 000 g) N A D  
zu, so s te igt  die E x t i n k t i o n  un te r  Oxyda t ion  des n ich t  ab- 
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