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Fortuitous Discovery of Urate Nephrolithiasis  in Rats Subjected to Portacaval Anastomosis  

The  r a t  w i t h  a p o r t a c a v a l  anas tomos i s  has  been  descr ib-  
ed as e x h i b i t i n g  s igns of po r t a l sy s t emic  e n c e p h a l o p a t h y  1. 
Th i s  aspec t  of t he  a n i m a l  mode l  was  s tud ied  in our  labora-  
to ry .  A t  t he  a u t o p s y  of one of these  an ima l s  a n  u re t e r a l  
ca lculus  was  n o t e d  caus ing  a d i l a t ed  u re t e r  a n d  h y d r o -  
nephros is .  The  k idneys  a n d  b l adde r s  were the re fore  
d i ssec ted  carefu l ly  a t  a u t o p s y  d u r i n g  t he  s u b s e q u e n t  
course  of t h e  inves t iga t ion .  The  sy s t ema t i ca l l y  col lected 
d a t a  con f i rm  t h e  f r equency  of r ena l  s tones  in th i s  a n i m a l  
mode l  a n d  fo rm t h e  basis  of t h i s  p r e l i m i n a r y  repor t .  

Mater ia l  and methods. Male Sprague -Dawley  ra t s  
( s t ra in  RACtiI )  * of 200 to 350 g b o d y  we igh t  were used. 
T h e y  were m a i n t a i n e d  in i n d i v i d u a l  cages and  g iven  
A l t r o m i n  S t a n d a r d  r a t  pe l le ts  3 a n d  w a t e r  ad  l ib i tum.  
P o r t a c a v a l  ana s tomos i s  was pe r fo rmed  as descr ibed  b y  
BISMUTH 4, excep t  for  t he  closure of t he  a b d o m i n a l  wal l  
wh ich  was car r ied  ou t  w i t h  i n t e r r u p t e d  su tu res  us ing  4/0 

p e r l o n  t h r e a d  5. The  r a t s  were inc luded  in t he  ana lys i s  
on ly  if no  e x p e r i m e n t s  were pe r fo rmed  wh ich  s ign i f i can t ly  
inf luenced  t he  n o r m a l  l iv ing  cond i t ions  of t h e  animals .  
Thus ,  t he  on ly  e x p e r i m e n t a l  p rocedures  in  these  r a t s  were 
b lood sampl ing ,  m o t i l i t y  t e s t i ng  and  inves t iga t ions  of 
food i n t a k e  a n d  f luid ba lance .  B o d y  we igh t  was  t a k e n  
weekly,  a t  ope ra t i on  and  a t  t he  t i m e  of sacrifice. The  
a u t o p s y  inc luded  ver i f i ca t ion  of t he  p a t e n c y  of t he  shun t ,  
we igh ing  of l iver  a n d  tes tes  and  d issec t ion  of b o t h  k idneys  
and  t he  b ladder .  F o r  t he  purpose  of compar ison ,  s imi la r  
o b s e r v a t i o n s  were recorded  in all con t ro l  a n d  s h a m  opera t -  
ed ra ts .  

W e i g h e d  samples  of calculi  were ana lyzed  for t h e  
c o n t e n t  of uric acid w i t h  t h e  ur icase  m e t h o d  e. The  in- 
organic  compos i t i on  of t he  ash  of calcul i  was d issolved in 
1 N hydroch lo r i c  acid and  assessed for ca lc ium an d  
phosphorus .  Calc ium was d e t e r m i n a t e d  in t he  presence  of 
1% LaC13 on an  a t o m i c  a b s o r p t i o n  s p e c t r o p h o t o m e t e r  
P e r k i n - E l m e r  290 B. P h o s p h o r u s  was measu red  accord ing  
to  t h e  m e t h o d  of CHEN et  al. as modi f ied  b y  BISAZ 7, s. 

Results.  A m o n g  the  53 r a t s  p rospec t ive ly  e v a l u a t e d  for 
t he  presenc  e of uro l i th ias i s  47 % were found  to h a v e  stones.  
The  calculi  in genera l  were of v a r y i n g  size r ang ing  f rom 
gravel  up  to  pieces m e a s u r i n g  5 m m  in d iamete r .  T h e y  
were r o u n d  to  ova l  shaped ,  l ayered  on  cu t  sect ions  an d  of 
yel low to b r o w n i s h  color. 

I n  51 ra t s  t h e  k idneys  a n d  ure te r s  a p p e a r d  o therwise  
n o r m a l  macroscopica l ly .  Blockage  of t h e  u re te ra l  o s t i um 
to  t he  b l a d d e r  b y  a calculus  w i t h  c o n s e q u e n t  h y d r o u r e t e r  

an d  h y d r o n e p h r o s i s  was  seen in  a t o t a l  of 6 in s t ances  (4 
of t h e m  in a n o t h e r  series of rats) .  Of ten  t h e  b l a d d e r  was  
en la rged  an d  f i rm due  to  t h e  presence  of a large n u m b e r  of 
calculi.  I n  one case h e m o r r h a g e  lead to m a r k e d  d i s t ens ion  
of t h e  b ladder ,  b i l a t e ra l  hydronephros i s ,  a n e m i a  an d  d e a t h  
of t h e  a n i m a l  80 days  a f t e r  shun t ing .  

The  p o r t a c a v a l  anas tomos i s  was  found  to  be wide ly  
p a t e n t  in  all  ra ts .  L ive r  we igh t  a n d  we igh t  of t e s tes  were 
on t h e  average  decreased  b y  43 a n d  64%,  respect ive ly .  

D u r i n g  the  s ame  per iod  of t ime,  92 con t ro l  an d  s h a m  
ope ra t ed  ra t s  were  autops ied .  No uro l i th ias i s  was found  
in a n y  of t hem.  

T h e  occurrence  of s tones  appea red  to  be  re la ted  to dura-  
t i on  of su rv iva l  a f t e r  ope ra t ion  a n d  to  t h e  changes  in b o d y  
we igh t  ( T a b l e ) . . R a t s  a l lowed to su rv ive  longer  t h a n  30 
days  w i t h  a p o r t a c a v a l  anas tomos i s  were more  l ike ly  to 
e x h i b i t  calculi  ( P  < 0.05). I f  t h e  a n i m a l s  d id  n o t  rega in  
t h e  p r eo p e ra t i v e  weight ,  t h e y  also were more  l ike ly  to  
h a v e  s tones  a t  a u t o p s y  ( P  < 0,01). T h e  17 r a t s  s u r v i v i n g  
more  t h a n  30 days  a n d  losing we igh t  h a d  a n  inc idence  of 
u ro l i th ias i s  of 94%.  

Chemical  ana lys i s  of  2 weighed samples  of calcul i  
showed  an  uric acid c o n t e n t  of 70 an d  80%,  respect ively .  
E x a m i n a t i o n  of t h e  dr ied ashes  for inorganic  c o m p o u n d s  
revea led  on ly  t r aces  of p h o s p h a t e  (0.6 mg/100 mg) a n d  
ca lc ium (1.2 mg/100  mg). 

Discussion. T h e  p re sen t  i nves t i ga t i on  h a s  d o c u m e n t e d  
a h igh ly  s ign i f ican t  inc idence  of uric acid nephro l i th i a s i s  
in r a t s  sub jec t ed  to  p o r t a c a v a l  anas tomos i s .  To our  
knowledge  such  an  assoc ia t ion  has  n o t  been  descr ibed 
previous ly .  An  a l lus ion  on ly  to a d i l a ted  r i g h t  rena l  pe lvis  
c o n t a i n i n g  some crys ta l s  m a y  be  found  in the  careful  
s t u d y  b y  CAVANAGH et  al. 9 

T h e  occurrence  of uric acid l i th ias i s  in  m a m m a l s  o t h e r  
t h a n  p r i m a t e s  is unexpec ted .  I n  these  species uric ac id  is 
no t  t h e  m a i n  m e t a b o l i c  e n d p r o d u c t  of x a n t h i n e  m e t a -  
bolism, b u t  is b r o k e n  down  to a l l an to in  w i t h  t h e  he lp  of 
t h e  h ep a t i c  e n z y m e  uricase.  Thus ,  no r e a d y  e x p l a n a t i o n  
for t h e  h i g h  incidence  of nephro l i th i a s i s  is a p p a r e n t .  U r a t e  
n e p h r o p a t h y  h a s  been  p roduced  in r a t s  b y  a d m i n i s t r a t i o n  
of excessive doses of uric acid 10 or b y  t h e  c o m b i n a t i o n  of 
t h e  ur icase  i n h i b i t o r  oxonic  acid w i t h  ur ic  acid a d m i n i s t r a -  
t ion  11,12. I t  ap p ea r s  possible,  therefore ,  to  s u p e r s a t u r a t e  
t h e  r a t  ur ine  w i t h  uric acid a t  phys io logica l  p H  va lues  
p rov ided  the  c o n c e n t r a t i o n s  of ur ic  acid are ra ised  h igh  
enough.  

Renal and bladder-calculi found in rats subjected to portacaval anas- 
tomosis. (The mark corresponds to 1 cm). 
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Incidence of urolithiasis in rats after portaeaval anastomosis 

No. of % with P 
rats  lithiasis 

Whole series 53 47 

Survival after shunting 
7 to 30 days 31 39 <0.05 

31 to 80 days 22 73 

Autopsy weight higher 
than body weight at operation 10 10 <0.01 
Autopsy weight lower 
than body weight at operation 43 63 <0.01 

increase in uric acid excret ion.  F inal ly  the  synthes is  of 
pur ine-metabol i t es  could be accelera ted for o ther  reasons.  

The incidence of nephro l i th ias i s  in our group of ra ts  is 
h ighly  significant.  I t  is n o t e w o r t h y  t h a t  the  observed  
complicat ions  of nephrol i th ias is  are s t r ikingly similar  to  
those  seen in man.  I t  appears ,  therefore,  t h a t  t he  ra t  w i t h  
por tacava l  anas tomosis  migh t  be a sui table an imal  model  
for the  s tudy  of uric acid s tone format ion  14. 

Zusammen/assung. Nach  Anlage eines p o r t o c a v a l e n  
Shun t s  bei  53 Sp rague -Dawley -Ra t t en  wurde  in 47% 
aller Fglle eine Harnsgure-Uro l i th ias i s  beobachte t .  Das  
V o r k o m m e n  war  bei den R a t t e n  am hguf igs ten  (94%), 
die mehr  als einen Mona t  i iber lebten und pos tope ra t iv  an 
Gewicht  verloren.  

R. HERZ, V. SAUTER and J. BIRCHER 15 

In  our expe r imen t s  there  are several  a l t e rna t ives  to 
accoun t  for super sa tu ra t ion  of the  urine wi th  uric acid. 
The marked  a t rophy  of l iver  and tes tes  m a y  be associated 
wi th  increased b reakdown  of nucleo-prote ins  and aug- 
men t ed  uric acid format ion.  Since the  reduc t ion  in weight  
of l iver and tes tes  is comple ted  af ter  10 and 20 days,  
respect ively ,  it  is diff icult  to account  for the  h igher  
incidence of l i thiasis 30 or more  days  after  operat ion.  I t  
is possible t h a t  an a l te ra t ion  of renal  tubu la r  funct ion  
m a y  lead to a lowered p H  in the  ra t s  af ter  po r t acava l  
anas tomosis  wi th  a consequent  decrease in solubil i ty of 
uric acid la. Al te rna t ive ly  the  reduct ion  of the  hepa t ic  
circulat ion and of the  funct ioning l iver cell mass  migh t  
be associated wi th  decreased convers ion of uric acid to 
al lantoin.  This  could lead to  a s ignif icant  and sus ta ined  
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l~ber tagesrhythmische Schwankungen der Fettresorption 

Es gilt als erwiesen, dass der Iebende Organismus  eine 
(,circadiane Organisatiom> besi tzt ,  und  zahlreiche Organe,  
Zellen und Zellenorganellen charakter i s t i sche  t ages rhy th -  
mische Ver / inderungen d u r c h m a c h e n  1. Hier  soll gepriif t  
werden,  ob sich t ages rhy thmische  Schwankungen  auch bei 
der  Fe t t r e so rp t i on  im Di innda rm nachweisen  lassen. 

7 Gruppen  yon  jeweils 6 an~s thes ier ten  1Ratten (1 ml  
10%iges Ure than /100  g K6rpergewicht) ,  die 24 h ge- 
hunge r t  ba t t en ,  wurde  zu verschiedenen  Tages- und  Nach t -  
zei ten jeweils 0,1-0,15 ml  Mazola in 3-4 cm lange, abge- 
bundene  Abschn i t t e  des oberen J e j u n u m s  injiziert .  I min  
nach  Beginn  der  Fe t t in j ek t ion  wurde  das Darmgewebe  
e n t n o m m e n  und an 10 txm dicken, mi t  Sudanschwarz  B ge- 
f / i rbten N r y o s t a t s c h n i t t e n  bes t immt ,  wieviele Tiere einer 
Gruppe  einen pos i t iven  bzw. nega t iven  Fe t t nachwe i s  zei- 
gen. Der  Ze i tpunk t  yon  1 min  wurde  gewAhlt, well Vor- 
versuche a m  Vormi t t ag  gezeigt ha t t en ,  dass  e twa diese 
Zei t spanne  vergeht ,  bis F e t t  in den E n t e r o c y t e n  nach-  
weisbar  ist. 

Die Zahl der Tiere mi t  e inem pos i t iven  Fe t tnachwe i s  
ist  u m 02.00 U h r  am h6chs ten  und  n i m m t  dann  sukzessive 
ab (Figur). U m  14.00 Uhr  zeigt kein Tier F e t t a u f n a h m e .  
Danach  s te igt  die Zahl der Tiere mi t  pos i t ivem F e t t n a c h -  
weis wieder  charak te r i s t i sch  an. Nach  visuellen Sch~tzun-  
g e n d e r  nach  1 min  in den E n t e r o c y t e n  v o r h a n d e n e n  Fe t t -  
menge  en tha l t en  die E n t e r o c y t e n  nach t s  m e h r  F e t t  als am 
Tage. 

Zur K1/irung der  Frage,  ob die t a g e s r h y t h m i s c h e n  Un-  
terschiede  der  Fe t t r e so rp t i on  mi t  der  un terschied l ichen  

Zusammense t zung  des Darmsaf tes  zu den versch iedenen  
Zeiten zusammenh~ngen ,  inj iz ier ten wir 6 R a t t e n  u m  
14.00 Uhr  Mazolachymus,  der  um 02.00Uhr gewonnen  

,.o 

(+1 (+1 + + + +{+) + + + + I posiliver. 
ge~nacnwe~s 

neNiver. FeltnacN~ls 
Tagesrhythnfisehe Sehwankungen der Fettresorption im proximalen 
Jejunum der Ratte. Dargestellt ist, wie viele Tiere tines Kollektivs 
1 min nach Mazolainjektion in das Darmlumen einen positiven bzw. 
negativen Fettnachweis in den Enteroeyten aufweisen. Die Symbole 
(+) bis + + + geben die Menge des von den Enterocyten aufgenom- 
menen Fettes an (visuell gesehfitzt). 
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