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The Inhibitory Effect of Pyrophosphate  on Cal- 
c i u m  Oxalate Precipitat ion and its Relat ion to 

Urol i thias is  

T h a t  u r ine  shou ld  ho ld  such  large q u a n t i t i e s  of ca lc ium,  
p h o s p h a t e  a n d  oxa la te  in  so lu t ion  w i t h o u t  p r e c i p i t a t i o n  
ha s  b e e n  a puzzle  for  a long t ime .  Such  s u p e r s a t u r a t i o n  
is bes t  exp la ined  b y  t h e  p resence  of some  so r t  of c rys ta l -  
l i za t ion  inh ib i to r s .  Recen t ly ,  u r ine  was s h o w n  to  c o n t a i n  
indeed  such  i n h i b i t o r y  c o m p o u n d s  of u n k n o w n  n a t u r e  1,2. 
We  h a v e  been  ab le  to  i so la te  one  of t h e m  a n d  i d e n t i f y  i t  
as inorgan ic  p y r o p h o s p h a t e  3. P y r o p h o s p h a t e  h a s  t h e  
p r o p e r t y  to  ra ise  severa l  fold t he  m i n i m a l  c o n c e n t r a t i o n  
of ca lc ium a n d  p h o s p h a t e  necessa ry  to fo rm in vitro cal-  
c ium p h o s p h a t e  c rys ta l s  ~, a n d  is t he re fo re  ab le  to  s t ab i -  
lize so lu t ions  w i t h  h igh  c o n c e n t r a t i o n s  of th i s  salt .  Th i s  is 
t rue  even  a t  p y r o p h o s p h a t e  c o n c e n t r a t i o n s  m u c h  lower 
t h a n  t he  1 0 - ° - 1 0 - a M  n o r m a l l y  p r e s e n t  in  u r ine  a. I t  was  
the re fore  t e m p t i n g  to a s sume  t h a t  p y r o p h o s p h a t e  h a d  a 
s imi la r  effect  on  ca lc ium oxa l a t e  p rec ip i t a t ion ,  in  o rde r  to  
exp la in  the  u r i n a r y  s u p e r s a t u r a t i o n  w i t h  r e spec t  to  th i s  
sal t .  

Methods. To t e s t  th i s  h y p o t h e s i s  a mode l  s y s t e m  was 
deve loped .  T h r e e  s tock  so lu t ions  of t h e  fol lowing compo-  
s i t ions  were p r e p a r e d :  (a) KC1 0 .27M,  b a r b i t u r i c  acid 
0 .005M,  acet ic  ac id  0 .005M,  p o t a s s i u m  oxa la te  0 . 0 1 M ;  
(b) KC1 0 .26M,  b a r b i t u r i c  acid 0 .005M,  acet ic  ac id  
O.O05M, CaCta 0 . 0 1 M ;  (c) KC1 0.29M,  b a r b i t u r i c  acid 
0 .005M,  acet ic  ac id  0 .005M.  All  so lu t ions  were  b r o u g h t  
to  a p H  of 6.10 b y  m e a n s - o f  t h e  d ropwise  a d d i t i o n  of 
K O H .  T h e y  were  t h e n  mixed  in such  p r o p o r t i o n s  t h a t  
t he  ca l c ium c o n c e n t r a t i o n  r e m a i n e d  c o n s t a n t  a t  1 . 7 m M  
a n d  t h e  oxa l a t e  c o n c e n t r a t i o n  va r i ed  p rogress ive ly  be-  
t w e e n  0°1 a n d  0 .6mAf.  T h e  mix tu re s ,  a d d e d  w i t h  dif-  
f e ren t  a m o u n t s  of sod ium p y r o p h o s p h a t e ,  were i n c u b a t e d  
on  a s h a k e r  for 20 h a t  37°C. I n  these  cond i t i ons  t he  
va r ious  fac tors  - pH ,  t e m p e r a t u r e ,  ionic s t r e n g t h ,  c a l c ium 
a n d  oxa la t e  c o n c e n t r a t i o n s  - showed  va lues  s imi la r  to  
those  in ur ine .  Af te r  i n c u b a t i o n  t he  so lu t ions  were f i l tered 
t h r o u g h  a mil l ipore  f i l ter  r e t a i n i n g  a n y  l ikely crys ta ls .  
Calc ium a n d  oxa l a t e  were d e t e r m i n e d  in t he  f i l t r a te :  cal- 
c i um b y  t i t r a t i n g  w i t h  E D T A  in t he  p resence  of calcein,  
oxa l a t e  b y  t i t r a t i n g  w i t h  KMnO, .  B y  p l o t t i n g  the  a r i th -  
me t i c a l  p r o d u c t  of t he  ca lc ium mul t ip l i ed  b y  t he  oxa la t e  
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Fig. 1. Typical experiment showing the influence of pyrophosphate 
on the minimum ion concentration calcium ++ × oxalate-- in (raM) 2 
(represented by the inflection point) required for crystal formation. 

Ionic strength = 0.3, pH = 6.1, temp. = 37°C. 

c o n c e n t r a t i o n s  before  t he  e x p e r i m e n t  a g a i n s t  t he  p r o d u c t  
a f t e r  i n c u b a t i o n  a n d  f i l t ra t ion ,  i t  was  each  t i m e  possible  
to  d e t e r m i n e  t he  m i n i m u m  p r o d u c t  necessa ry  for c rys t a l  
f o r m a t i o n  (F igure  1). 

Results. The  resu l t s  axe s u m m a r i z e d  in F igu re  2. W i t h -  
o u t  p y r o p h o s p h a t e ,  c rys t a l s  s t a r t  f o rming  a l r e a d y  f rom 
a n  ion  c o n c e n t r a t i o n  C a + + × o x a l a t e  - -  of a b o u t  0.35 
(mAl) 2, h e n c e  a t  va lues  s ign i f i can t ly  lower  t h a n  n o r m a l  
in  ur ine.  P y r o p h o s p h a t e  ra ises  t h i s  m i n i m u m  ion  p r o d u c t  
necessa ry  for c ry s t a l  f o r m a t i o n ,  a t  a c o n c e n t r a t i o n  as  low 
as 15 ~2~I. The  r a n g e  of i t s  m a x i m u m  a c t i v i t y  co r r e sponds  
a c t u a l l y  j u s t  to  i t s  c o n c e n t r a t i o n  in n o r m a l  ur ines .  F i g u r e  
3 shows t h a t  t he  i n h i b i t o r y  effect  is p r o p o r t i o n a l  to  t h e  
l o g a r i t h m  of t he  a m o u n t  of p y r o p h o s p h a t e  p r e s e n t  in  t he  
solut ion.  
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Fig. ~2. Influence of pyrophosphate on the minimum ion concentra- 
tion caleimn ++ x oxalate-- in (raM) ~ required for crystal formation. 
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Fig. 3. Influence of pyrophosphate oil the mininmm ion concentra- 
tion calcium ++ × oxalatc-- in (raM) ~ required for crystal formation. 
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Discussion. T h e  m o d e  of a c t i o n  of p y r o p h o s p h a t e  is n o t  
ye t  clear.  A t  s u c h  tow c o n c e n t r a t i o n s ,  t he  i n h i b i t i o n  can-  
no t  be  e x p l a i n e d  b y  a lower ing  of  ionized ca l c ium due  to  
a c o m p l e x ;  i t  is more  l ikely to  b lock  c r y s t a l  g r o w t h  b y  
adso rb ing  on  to  t h e  c rys t a l l i z a t i on  nucle i  a n d  the  g rowing  
surface.  A s imi la r  ac t ion  of condensed  p h o s p h a t e s  ha s  
been  k n o w n  for  a long t i m e  for ca lc ium c a r b o n a t e  ~,~, a n d  
is used c u r r e n t l y  in  i n d u s t r y  to  p r e v e n t  sca l ing  of w a t e r  
con ta iners .  I t  h a s  also b e e n  desc r ibed  r ecen t l y  for  s t ron -  
t i u m  sulphate.~, s a n d  for  ca l c ium p h o s p h a t e  9 so t h a t  t h e  
ac t ion  is n o t  specif ic  for  one  t y p e  of  c rys ta l .  

W e  t h i n k  t h a t  u r i n a r y  p y r o p h o s p h a t e  is one  of t h e  
fac tors  r e spons ib le  in  th i s  f luid for t he  m a i n t e n a n c e  of t h e  
s u p e r s a t u r a t i o n  w i t h  r e spec t  to  ca l c ium p h o s p h a t e  a n d  
ca lc ium oxa la te .  I t  is l ike ly  to  p l a y  a role in  t he  m e c h -  
an i sm of u ro l i th ias i s  :o, w h i c h  is s u p p o r t e d  b y  t h e  fac t  
t h a t  t he  ora l  a d m i n i s t r a t i o n  of o r t h o p h o s p h a t e ,  a t h e r a p y  
shown d ras t i ca l ly  to  p r e v e n t  s tone  f o r m a t i o n  in  a n i m a l s  n 
and  in humansX~, :~, a c t u a l l y  induces  a s ign i f i can t  r ise in  
u r i n a r y  p y r o p h o s p h a t e  :*. :~. 

ZusamrnenJassung. P y r o p h o s p h a t  in  so k le inen  Mengen  
wie 10-~ M e r h 6 h t  wesen t l i ch  die m i n i m a l e  I ~ o n z e n t r a t i o n  
yon  Ca lc ium u n d  Oxala t ,  welche  zu r  K r i s t a l l b i l d u n g  v o n  
Ca l c iumoxa la t  n6 t ig  ist .  M a n  k a n n  d a r a u s  schliessen,  dass  
das  im H a m  v o r h a n d e n e  P y r o p h o s p h a t  d u r c h  seine 
k r i s t a l l i s a t i o n s h e m m e n d e  E i g e n s c h a f t  zu r  E rk l t t r ung  der  
ur inAren t Jbers t~t t igung a n  Ca lc ium u n d  O x a l a t  be i t r~g t .  
] ) a  es a u c h  die B i l d u n g  y o n  C a l c i u m p h o s p h a t  h e m m t ,  

v e r m u t e n  wir, dass  i h m  eine  wich t ige  Nolle in  de r  P a t h o -  
phys io logic  d e r  Uro l i t h i a se  z u k o m m t .  
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t 3 b e r  d e n  E i n f l u s s  v o n  A l k y l b e n z o l s u l f o n a t e n  

auf Froschlarven 

Die aus  de r  Bes t / i nd igke i t  v o n  T e t r a p r o p y l e n b e n z o l -  
su l fona t  in  Abw/ isse rn  h e r r f i h r e n d e n  g e s u n d h e i t l i c h e n  u n d  
wi r t s cha f t l i chen  G e f a h r e n  h a b e n  b e k a n n t l i c h  dazu  ge- 
f i ihr t ,  dass  dieser  b i she r  m e i s t g e b r a u c h t e  W a s c h r o h s t o f f  
t r o t z  se ine r  h e r v o r r a g e n d e n  a n w e n d u n g s t e c h n i s c h e n  
E i g e n s c h a f t e n  d u r c h  biologisch besse r  a b b a u b a r e  ge rad-  
ke t t ige  A l k y l b e n z o l s u l f o n a t e  e r s e t z t  we rden  soll. Als 
t y p i s c h e r  V e r t r e t e r  d ieser  n e u e n  Klasse  y o n  D e t e r g e n t i e n  
k a l m  D o d e c y l b e n z o l s u l f o n a t  ge l ten ,  das  yon  Sguge t i e ren  
be i  o ra le r  V e r a b r e i c h u n g  ebenso  g u t  v e r t r a g e n  wi rd  wie 
T e t r a p r o p y l e n b e n z o l s u l f o n a t  - die m i t t l e r e n  a k u t  tSd-  
l i chen  Dosen  b e t r a g e n  1260 bzw. 1220 m g / k g  l-z. A n d e r s  
v e r h ~ l t  es s ich m i t  F i schen ,  de ren  za r tes  K i e m e n e p i t h e l  
Yon den  A l k y l b e n z o l s u l f o n a t e n  - i n s bes onde r e  v o n  den-  
j en igen  m i t  l anger  u n v e r z w e i g t e r  A l k y l k e t t e  - s chon  in  
verh~i l tn ismgssig  n i e d r i g e n  K o n z e n t r a t i o n e n  ze r s t6 r t  
wi rd  4,5. Dass  die n e u e n  \ ¥ a s c h r o h s t o f f e  yon  F i s chen  n o c h  
s c h l e c h t e r  v e r t r a g e n  w e r d e n  ats  T e t r a p r o p y l e n b e n z o l -  
su l fona t  i s t  eine T a t s a c h e %  O b  sic u n t e r  Hinweis  a u f  die 
bessere A b b a u b a r k e i t  als  p r a k t i s c h  b e d e u t u n g s l o s  ab-  
g e t a n  werden  darf ,  wi rd  die Z u k u n f t  zeigen. 

D e n  v e r s c h i e d e n e n  B e r i c h t e n  t iber  die W i r k u n g  yon  
.:Detergentien au f  F i sche  u n d  wirbel lose  W a s s e r t i e r e  soll 
ira fo lgenden  ein solcher  t iber  den  Einf luss  de r  be iden  ge- 
n a n n t e n  Alky lbe 'nzo l su l fona te  auf  F r o s c h l a r v e n  zu r  Sei te  
geste l l t  werden .  T e t r a p r o p y l e n b e n z o l s u l f o n a t  (TBS)  u n d  
Dodecy lbenzo l su l fona t  (DBS)  w u r d e n  in  F o r m  de r  P r o -  
d u k t e  Mar lon  T P  42 u n d  Mar lon  B~V 2043 de r  C h e m i s c h e n  

W e r k e  Hi l ls  v e r w e n d e t .  Die  n a c h s t e h e n d e n  K o n z e n t r a -  
t i o n s a n g a b e n  bez i ehen  s ich s t e t s  a u f  d e n  G e h a l t  a n  wasch-  
a k t i v e r  S u b s t a n z  (WAS) .  

Als Ver suchs t i e r e  d i e n t e n  m e h r  als  1500 K a u l q u a p p e n  
( L a r v e n  yon  Rana temporaria) aus  einem Laichba l l en ,  die 
zu je 50 in  zy l ind r i schen  Glasgef~ssen in 1 1 W a s s e r  m i t  
130 bis 140 cm ~ Ober f lgche  g e h a l t e n  u n d  m i t  den :  hande l s -  
f ib l ichen T r o c k e n f u t t e r  ~TetraMin~> ern~.hr t  wurden .  Das  
W a s s e r  s t a m m t e  aus  e inem k le inen ,  aus  de r  T r inkwasse r -  
l e i t ung  gespe i s ten  F i s c h t e i c h ;  d ie  W a s s e r t e m p e r a t u r  be-  
t r u g  22 bis  23°C. Zu B e g i n n  des  e igen t l ichen ,  24 h d a u e r n -  
den  Ve r suchs  w u r d e n  die T ie re  in  a n d e r e  g le ichar t ige  
Gef~sse e ingeb rach t ,  die jeweils  1 1 e iner  LOsung yon  T B S  
bzw. D B S  in Te ichwasse r  en th i e l t en .  Je  100 L a r v e n  wur -  
den  ein u n d  de r se lben  K o n z e n t r a t i o n  ausgese tz t .  Die 
e l ek t r i sche  Messung  t ier  W a s s e r s t o f f i o n e n k o n z e n t r a t i o u e n  
e rgab  p H - W e r t e  y o n  7,24 bis  7,81 in  den  Dete rgens lS-  
s u n g e n  u n d  e in  p H  y o n  7,93 i m  Teichwasser .  
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