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Handling of Uric Acid by the Rat Kidney 
I .  Mic roana ly s i s  of  Ur i c  A c i d  in  P r o x i m a l  T u b u l a r  F l u i d  * 
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Numrnary. Uric acid transporb in the rat  proximal tubule was studied by micro- 
puncture and a new method of chemical ultramicro analysis. Under normal free-flow 
conditions at physiological levels of uric acid plasma concentrations a ne~ secretion 
of uric acid in the proximal tubule was demonstrated. In these experiments the 
clearance ratio of uric acid to inulin was in the range of 0.4 which is normal in 
antidiuretie rats. Net reabsorption of uric acid, therefore, took place in the kidney, 
but certainly not in the proximal tubule as previously suggested. 

Key-Words: Uric Acid Secretion --  Micropuncture --  Renal ~klbule --  Ultra- 
micro Analysis. 

Zusammen/assung. Mit Hilfe der Mikropunktions~echnik und ciner neu ent- 
wiekel~en Methode der Ultramikroanalyse wurde der s am 
proximalen Tubulus tier Rattenniere untersucht. Unter normalen Bedingungen 
ohne Harns~ureinfusion und ohne osmotische Diurese konnte eine Harns~ure- 
l~etto-Sekretion im proximalen Tubulus nachgewiesen werden. Dabei war in diesen 
Experimenten die Inulinclearance etwa doppelt so grog wie die Harns~ureclearance. 
In  der Bflanz wurde also mchr Harns~ure resorbisrt als sezerniert, abet nicht, wie 
fr/ihcr angenommcn, im proximalen Tubulus. 

~chliisselwSrter: Harns~uresekretion --  Mikropunktion --  Nierentubulus --  
Ultramikroanalyse. 

~s ,The charac te r i s t i cs  of  uric  ac id  t r a n s p o r t  in t he  k i d n e y  have  been  
s tud ied  b y  c learance and  s top  flow techniques .  F r o m  these  expe r imen t s  
i t  was concluded  t h a t  ur ic  ac id  is r eabso rbed  in  t he  p r o x i m a l  tubu le  
a n d  secre ted  in  the  d i s t a l  convolu t ion  [3, 9,18,20].  However ,  th is  concept  
was r ecen t ly  p u t  in to  ques t ion b y  the  obse rva t ion  t h a t  the  d i s t a l  t ubu le  
is a lmos t  i m p e r m e a b l e  to  uric  ac id  [12,15,16,22].  On the  o the r  hand ,  
i t  was shown t h a t  unde r  cer ta in  c i rcumstances  uric  ac id  c learance  is 
suppressed  b y  cer ta in  weak  organic  acids  l ike P A t t  [21]. This  f inding 
suggests  t h a t  ur ic  ac id  m a y  use the  same mechan i sm of  organic  ac id  
t r a n s p o r t  b y  which P A H  and  o ther  organic  acids  a re  secre ted  in  the  
p r o x i m a l  tubu le  (v. 4). I n  order  to  examine  the  hand l ing  of  uric  ac id  
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in the  p rox imal  tubule  wi th  a di rect  approach,  we measured  in micro-  

punc tu re  exper iments  the  concen t ra t ion  o f  ur ic  acid along the  p rox ima l  

tubu le  dur ing free flow in the  r a t  k idney.  

Methods 

General Procedures. We used 200--300 g Wistar rats anaesthetized with Inactin 
(120 mg/kg body weight i.p.). An external jugular vein was catheterized for 
infusion of Ringer's solution (containing 2 g/100 ml inulin) at a rate of 0.1 ml]kg 
min. A femoral catheter permitted sampling of arterial blood. To determine urine 
concentrations of inulin and uric acid, bladder urine was sampled through a catheter. 

The left kidney was exposed and immobilized in a plexiglass cup. Preheated 
mineral oil was continuously peffused over the exposed surface of the kidney to 
maintain it a~ body temperature. During the entire experiment body temperature 
was maintained constant at 37.5 4- 0.2 ~ C by feed back regulated heating of the 
operating table using a rectal ~TC probe and an electronic amplifier. 
We only used ruts which after intravenous dye injection hud a proximal passage 
time of less than 12 see and a distal reappearance time of less than 35 see. 

We punctured with glass capillary pipettes (outer tip diameter 10--12 tz) 
filled with custer oil. Collection time was 5--10 rain and never exceeded 15 rain. 
Puncture sites were injected with coloured Neopren solution. After mucerating 
the kidney in HC1, the Neopren cast was dissected out and the puncture site identi- 
fied to determine its distance from the glomerulns. 

Chemical Analysis. Inulin concentration was measured in blood and urine 
by the Anthron method [6] and in tubular fluid by a mieromodification of this 
method Vll]. The use of u new designed ultramicrocuvette with a filling volume 
of less than 10 -3 ml [17] permitted the reduction of the tubular sample volume to 
about 2--3 nanoliters. 

Uric acid in blood, urine and standards was analysed by an uricase method 
(Boehringer-~/Iannheim Test Combination). 

At normal plasma levels uric acid concentrations in the tubular fluid is rather 
low in rats, ranging from 0.1--0.3 m~ol/1. Since the standard chemical methods 
described in the literature result in low extinction coefficients (uricase methods 
about 8.01/mMol • cm, uricase-peroxidase methods 13.5 l/mYs • cm [14]), it is 
difficult to perform quantitative analysis when one is limited by a maximum 
sample size obtainable with collection periods no longer than 10 rain (upproximately 
50 nunoliters). We now have modified the phosphotungstie acid method and 
adapted it to ultramicro dimensions and we are now able to analyze uric acid in 
quuntities as low as 10 -la reels. The determination involves the reduction of a 
certain complex of phosphotungstic acid by urate [5]. Previous authors used 
carbonute to buffer the final mixture to un alkaline pH [2]. Working with this 
method we sometimes got a cloudy precipitation and, therefore, we substituted 
borate for sodium carbonate. 

Reagents. Phosphotungstic acid: 10 g of sodium tungstate (Nu~WOa" 2 tt~O) 
are dissolved in 80 ml of water. 8.0 ml of 85 ~ phosphoric acid are udded. This 
solution is boiled gently in a wuter buth for 2 h. After cooling, it is diluted to a 
final volume of 100 ml. Stored in a brown bottle, the solution is stable for several 
months. 

Borate buffer: 50 ml of 0.4 Mol/1 boric acid are mixed with 43.9 ml of 0.4 Mol/1 
sodium hydroxide (N. B.: The buffer has to be free of potassium chloride, since 
potassium causes a cloudy precipitation of phosphotungstic acid). 
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Stock uric acid standard (0.5 m~ol/1): 8.4 mg uric acid are dissolved in 100 ml 
of a 0.1 m~ol/1 Na2HPO 4 solution. 

Procedure. The borate phosphotungstie mixture is rather instable with a half 
life period of only 20 rain. Therefore, for every sample we mix a fresh solution 
with a pipette apparatus containing two glass syringes with a volume ratio of 16:1 
(16 parts of buffer are added to one part of phosphotungstic acid). A pH of about 
8.9 results which is the most optimal reaction condition. 1.0--1.5 • 10 -a ml buffered 
phosphotungstie acid are mixed with 30--40 • 10 -6 ml sample or standard volume. 

The optical density is measured after 20--50 rain in the ultramicro cuvette 
against a reagent blank at 755 m~ using a Zeiss PMQ I I  spectrophotometer. Our 
ultramicro cuvette contains a capillary of black glass because silver as well as 
platinum diminishes the intensity of the colour. 

Results 

The parameters  of  uric acid (UA) handling in 51 mieropuneture  ex- 
periments  are displayed in Table 1. Wi th  increasing distance of  the  
puncture  site f rom the  glomerulus, TI~/PuA which is the  rat io of  U A  
concentra t ion in tubular  fluid and in plasma, increases. W h e n  water  
reabsorpt ion and, therefore, decreasing in t ra tubular  solvent volume is 
taken  into account  b y  plot t ing TF/PuA over TF/Pznunn, i t  becomes ap- 
parent  t h a t  per uni t  length the increase of  TF/PuA is larger t h a n  the 
increase of  TF/PInunn in more than  80 ~ of  the  samples (Fig. 1). This 
indicates ne t  U A  secretion in these experiments.  Fur thermore ,  up  to  
35 0/0 of  U A  in ra t  p lasma is hound to  plasma proteine [7]. Therefore, U A  
concentra t ion in plasma water  is lower than  measured in tota l  plasma 
and  the increase in T F / P g i  compared to  TF/Pznunn is even higher t h a n  
documented  in Fig. 1. 
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Fig. 1. Uric~acid (UA) secretion in rat proximal tubules under free flow conditions. 
The increase of UA concentration in the tubular fluid (TI~) in relation to plasma 
concentration (P) is corrected for concentration changes due to water movement 

by the ratio TF/Pinulm 
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Table 
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1. Urir acid concentrations in the tubular fluid o/ the rat proximal tubule under 
/tee flow conditions 

Rat  
No. 

Distance Uric acid 
from 
glomerulus TF P 
mm ml~ol/1 mMol/1 

TF/PInulm TF/PuA 
TF/P  TF/PIn 

0.25 0.085 3.0 1.75 1.72 
0.19 0.085 2.3 1.6 1.44 
0.28 0.085 3.4 2.4 1.42 
0.25 0.085 2.8 1.3 2.15 
0.33 0.085 3.9 3.1 1.26 
0.33 0.085 3.9 3.15 1.24 

10 2.9 0.30 0.13 
1.0 0.20 0.13 
1.4 0.21 0.13 
4.2 0.35 0.13 
1.05 0.17 0.13 

2.3 2.2 1.04 
1.55 0.92 1.68 
1 . 6 4  1 . 2 1  1 . 4  

2.75 2.6 1.06 
1.28 1.46 0.88 

11 - -  0.37 0.125 
- -  0.17 0.125 
1.9 0.35 0.125 
--  0.37 0.125 
1.8 0.26 0.125 

3.0 3.0 1.0 
1.35 1.75 0.77 
2.8 2.75 1.02 
3.0 1.55 1.04 
2.1 2.0 1.05 

14 2.1 0.30 0.125 
3.2 0.28 0.125 
2.7 0.24 0.125 
1.6 0.32 0.125 
- -  0.22 0.125 
3.7 0.46 0.125 
2.7 0.21 0.125 
3.1 0.30 0.125 
- -  0.25 0.125 
2.6 0.27 0.125 

2.36 1.77 1.33 
2.24 1.6 1.4 
1.9 1.07 0.96 
2.52 2.0 1.26 
1.78 1.38 1.29 
3.7 2.0 1.85 
1.67 2.05 0.81 
2.42 1.05 1.24 
2.0 2.2 0.91 
2.15 2.15 1.0 

15 2.6 0.48 0.10 
2.05 0.43 0.10 
2.2 0.27 0.10 
2.9 0.20 0.10 
2.8 0.30 0.10 
1.0 0.11 0.10 
2.5 0.37 0.12 
2.8 0.35 0.125 

4.8 1.85 2.6 
4.3 1.75 2.43 
2.7 1.35 2.0 
2.0 1.08 1.85 
3.0 2.5 1.2 
1.1 1.6 0.69 
3.2 1.7 1.88 
2.8 1.6 1.75 

1 9  3.4 0.13 0.04 
3.4 0.14 0.04 
3.7 0.13 0.04 
3.0 0.17 0.04 
1.9 0.11 0.04 
- -  0.15 0.04 
1.4 0.11 0.04 
- -  0.17 0.04 
1.8 0.14 0.04 

3.2 2.7 1.10 
3.5 2.45 1.43 
3.2 2.4 1.33 
4.25 2.4 1.77 
2.75 1.7 1.62 
3.7 2.1 1.76 
2.75 1.85 1.48 
4.35 3.0 1.45 
3.45 2.2 1.57 
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Rar 
:No. 

Distance Uric acid 
from 
glomeruIus TF P 
mm m/l~ol| ml~ol/1 

TF/PI~.I~. TF/PvA 
TF/P TF/PI~ 

21 3.4 0.28 0.09 3.14 2.7 1.16 
- -  0.31 0.09 3.44 2.8 1.23 
3.75 0.34 0.09 3.85 3.15 1.22 
- -  0.36 0.09 4.0 3.0 1.33 
3.7 0.35 0.09 3.9 3.2 1,22 
1.5 0.20 0.09 2.2 2.35 0.94 
--  0.24 0.09 2.7 2.78 0.97 
1.7 0.20 0.09 2.2 2.1 1.05 
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Fig.2. Clearance ratio of uric acid (UA) and inulin in correlation to the diuretic 
state. ~t id iures is  (,); osmotic diuresis (~) 

I n  Table  2 resul ts  of  31 clearance exper imen t s  are  summar ized .  The  
d a t a  dur ing  an t id iures i s  (U/PInulin be tween  100 and  800) are  spon taneous  
variations during experiments when only Ringer's solution was infused 
a t  0.1 ml /kg  • rain. Measurements  below U/Plnulin of  100 were ob t a ined  
dur ing  osmot ic  diuresis  when a uric  ae id -mann i to l  solut ion (manni to l  
136 mMol/ l ,  ur ic  ac id  12 mMol/1, N % H P O  4 54 mMol/1, inul in  2 rag-~ 
was infused a t  0.6 ml /kg  • tolD, Dur ing  an t id lures i s  the  c learance of  U A  
is well  be low t h a t  of  inulin.  The  clearance ra t io  of  U A  to inul in  ranges  
be tween  0.13 and  0.69. As d e m o n s t r a t e d  in  Fig .  2 th is  r a t io  has  a t e n d e n c y  
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Table 2. Uric acid and inulin clearance ratios in rats 

R a t  Uric acid 
No. 

Urine Plasma U/PInunn 
mlV[ol/l mlV[ol/1 

~UA 
CIn 

2 5.354 0.093 125 0.46 
6.544 0.093 115 0.62 

3 11.898 0.208 125 0.46 
5.949 0.208 75 0.38 

5 4.938 0.083 100 0.59 
2.559 0.089 87.5 0.33 

12 5.741 0.092 282 0.22 

13 6.484 0.083 149 0.52 

15 24.689 0.112 318 0.69 

16 21.535 0.102 420 0.50 
18.441 0.100 387.5 0.48 
22.368 0.102 315 0.69 
19.988 0.137 344 0.60 
22.012 0.140 261 0.60 

23 8.209 0.068 800 0.15 
12.671 0.068 525 0.36 

24 4.366 0.058 337 0.23 
3.879 0.058 185 0.36 

25 6.187 0.065 414 0.23 
4.616 0.065 205 0.35 

26 4,7 0.095 300 0.16 

27 7.2 0.065 330 0.32 

28 6.2 0.089 270 0.27 
5.6 0.089 385 0.16 
5.2 0.089 460 0.13 

30 0.81 0.018 82 0.55 
1.93 0.036 56 0.96 
1.05 0.196 4.5 1.19 
1.26 0.263 4.6 1.04 
1.82 0.340 6.1 0.88 
2.29 0.502 6.1 0.75 

31 5.27 0.214 39 0.63 
4.30 0.202 26 0.82 
3.50 0.197 22 0.81 
3.16 0.202 17 0.92 
4.02 0.191 16 1.31 
3.93 0.167 14 1.68 

32 2.19 0.137 25 0.64 
2.72 0.066 58 0.71 
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to increase when U/Plnunn decreases in the course of a developing 
diuresis. In  severe osmotic diuresis UA clearance approaches or even 
exceeds inulin clearance. 

Discussion 

Chemical Ultramicro Analysis. Our method allows quantitative 
measurement of as little as 10 -*2 Mols uric acid. The method, therefore, 
is sensitive enough to measure uric acid at  a concentration of 0.1 mMol/1 
in a 10 nanoliter sample (10 • 10 -91). The method is subject to a standard 
deviation of less than :k 5 ~ of the mean. 

The redox reaction with phosphotungstic acid is not  influenced 
significantly by any other substance present in the normal ra t  plasma 
or urine. Glyeine or cystein increase the extinction coefficient at  con- 
centrations higher than 10 mMol/l. However, since normal plasma con- 
centrations of these amino acids in rats are about 0.1 mlV[ol/1, their 
influence on the reaction is negligible. 

I t  should be emphasized that  certain metals like silver, aluminum, 
iron or copper arc able to reduce phosphotungstie acid. Therefore, 
during analysis the contact of samples and reagents with any metal has 
carefully to be avoided. This also includes the microcuvette for photo- 
metric readings. Even in a platinum euvette colour already developed 
is reduced. We got the most satisfying results by  using a tube of black 
capillary glass as a microcuvette [17]. 

Uric Acid Transport. As in humans and dogs [1,8,15,19], the dear- 
anee between UA and inulin in rats is also lower than 1.0 under normal 
conditions. In  contrast to former concepts the site of this net reabsorp- 
tion is not the proximal tubule. On the contrary, along the proximal 
convolution UA undergoes net secretion: The tubular load of UA at  
the end of the proximal convolution is significantly higher than the 
filtered load. Therefore, net reabsorption of UA must take place in a 
more distal part  of the nephron. The localization of this process is de- 
scribed in more detail in a following paper [13]. 

However, it  is apparent from this s tudy and previous observations 
in the literature [15,20] tha t  the reabsorptive process is dependent on 
the state of diuresis. With increasing diuresis the clearance of UA tends 
to approach inulin clearance and in an excessive osmotic diuresis may 
even exceed inulin clearance [9,18]. These findings suggest tha t  the net  
reabsorption of UA takes place somewhere in the distal part  of the 
nephron where intratubular flow velocity and therefore contact t ime 
vary  in proportion to the diuretic state. During massive osmotic diuresis, 
tubular flow velocity is increased all along the nephron. Reduced volume 
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reabsorpt ion  and  therefore lower concent ra t ion  gradients  of UA minimize  
the reabsorpt ion  of this  substance  and  the increase of proximal  load by  
UA secretion becomes detectable  in  the final urine.  
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