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Summary. In the male rat the effects of portocaval shunt 
(PCS) on mineral metabolism (fractional intestinal absorp- 

tion, minerals in serum, in bone, in kidney, and in urine) 
and the effects on urinary constituents were studied. PCS 
induced a degree of hyperparathyroidism and the formation 

of ammonium acid urate urinary tract stones. These phe- 

nomena were associated with elevated uric acid, ammonium, 
urinary pH, as well as with elevated supersaturation of 
urine with struvite, and to a lesser degree with ammonium 
acid urate. It is suggested that in the rat PCS interferes with 
both parathyroid gland function and urinary nucleation of 

ammonium acid urate. 
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parathyroidism, Urinary supersaturation, Ammonium acid 

urate stones. 

Introduction 

Portocaval shunt (PCS) in the rat induces a number of 
metabolic changes. Amino acids accumulate in plasma and 

in brain [3]. Parathyroidectomy-induced hypocalcemia is 

reversed [7, 8], and moderate hypocalcemiais inducedin the 

parathyroid intact rat [8]. To our knowledge urine composi- 

tion after PCS has not  been previously reported. Moreover, 
the study of mineral metabolism was restricted to serum 
calcium and phosphate, but  without taking into account 
the associated intestinal absorption and bone deposition of 
minerals. The present work was conceived as a pilot study 
and suffers from the disadvantage of a small control group 

* Parts of this work were presented at the XIIth Stone Symposium, 
series Bonn-Vienna, March 20-22, 1986 (Urol Res (1986) 14:86 

(see Animals and Procedures). However, the observation 
of stone incidence and the accompanying metabolic environ- 

ment after PCS, is significant. 

Animals and Procedures 

Male Sprague-Dawley rats were used (Wiga, Coburg; FRG, body 
weight 240-280 g), and housed for a period of fifteen weeks under 
conventional conditions (12 h/12 h light/dark cycle;relative humidi- 
ty 50-60 per cent, room temperature 22 +- 1 °C). After two weeks 
they were anesthetized (Pentobarbital-Na, 50 mg/kp ip) and were 
either sham-operated (laparotomy; n = 3) or underwent an end-to- 
side PCS [4]. Three days prior to termination of experiments the 
rats were separately housed in metabolic cages, and allowed only 
deionized water. Feces and urine were collected for the last two 
days in order to allow determination of fractional intestinal absorp- 
tion [ 1 - (content in feces/content in food)] of calcium, magnesium, 
phosphate, and mineral balances. On the last day blood was drawn 
from the amputated tail stump under general anaesthesia for mea- 
surement of blood gases, and a further specimen was taken from the 
abdominal aorta. Serum was stored at -30 °C until analysed. The 
left femur was removed, freed of soft tissue, defatted in 70% alcohol, 
brought to constant dry weight (100 °C), and the bone volume 
measured using Archimedes' principle. Minerals in feces, urine, 
serum, bone ash, renal medulla were measured. From serum total 
protein, urea, creatinine, parathyroid hormone (predominantly 
N-terminal antibody AS 211/32, Wellcome, Beckenham; UK) and 
gastrin were estimated. Urinary pH, uric acid, ammonium, citrate, 
pyrophosphate, and oxalate were measured. Acid-base variables 
were also estimated. All assays employed routine and established 
methods, (for details see ref. [9]). Polarisation and scanning electron 
microscopy, X-ray dfffractometry, as well as X-ray dispersion micro- 
probe analysis were used for stone analyses. Because of the limited 
urine volumes available, which restricted the number of chemical 
determinations, the relative supersaturation products of the more 
important crystal- and stone-forming constituents in urine were read 
from a nomogmm [51. 

Since the number of animals in the control group precluded 
conventional statistics we chose to give individual values for frac- 
tional absorptions, urinary excretions, and balances of minerals, 
with pertinent median and range or mean and SEM, as appropriate 
(Table 1). Results from urine were given as median and range 
(Table 2), others (section 1, 2, 4 of Results) as mean and SEM. Had 
the differences shown up in text and tables been tested for signif- 
icance the majority exceed p < 0.05. 
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Table 1. Effect of PCS or sham-operation on fractional absorption, urinary excretion, and balance of minerals. For further explanation see 
section on Animals and Procedures 

No. Fractional intestinal Urinary excretion; Mineral balance per 24 h; 
absorption; % mg/mg creatinine mg 

Cal- Magne- Phos- Cal- Magne- Phos- Cal- Magne- Phos- 
cium slum phate cium slum phate cium sium phate 

I. PCS rats; n = 6 

1 38 16 34 0.15 0.48 1.02 4.41 -0.07 34.25 
2 41 23 15 0.21 0.76 0.56 6.57 0.36 18.6 
3 35 17 16 0.12 0.69 0.25 4.49 0.12 16.7 
4 33 -6  -1.6 0.84 0.94 0.41 5.75 -0.87 -3.8 
5 19 4 6 0.21 0.45 1.04 1.8 -0.24 0.5 
6 41 19 24 0.23 0.66 1.16 6.77 -0.05 27.7 

~1-6 34.5 12.2 15.6 X1-6 0.21 0.68 0.79 x i - 6  4.96 -0.14 19.8 
SEM 3.4 4.5 5.2 Range 0.12-0.48 0.45-0.94 0.25-1.16 SEM 0.75 0.17 5.8 

II. Sham-operated rats; n = 3 

7 50 26 35 0.08 0.40 1.42 10.81 0.83 52 
8 45 14 32 0.09 0.32 0.76 9.96 0.39 54 
9 47 16 17 0.15 0.42 0A0 10.04 0.34 34 

~7-9 47.3 18.7 28.0 ~7-9  0.09 0.40 0.76 "~7-9 10.27 0.52 44.3 
SEM 1.4 2.5 5.6 Range 0.08-0.15 0.32-0.42 0.40-1.42 SEM 0.27 0.16 8.7 

Table 2. Effect of PCS or sham-operation on data in urine, which are of relevance in stone-forming processes. For further explanation see 
sections on Animals and Procedures 

PCS;n = 6 Sham;n = 3 

I. Urine volume, pH and substances a 

Volume; ml b 29 (11-40) 10 (6-10) 
pH 7.54 (6.76-8.16) 7.36 (7.09-7.49) 
Uric acid;mg/mg 1.45 (0.78-2.38) 0.23 (0.20-0.27) 
Ammonium; raM/rag 67 (50-93) 6.1 (4.2-6.2) 
Citrate; ~g/mg 25.5 (20.5-29.0) 5.1 (4.4-5.2) 
Pyrophosphate; nM/mg 66 (66-115) 105 (31-125) 
Oxalate;~g/mg 48.19 (28.68-102.11) 72.55 (61.06-100.90) 

II. Relative supersaturation products 

Calcium oxalate 0.73 (0.59-0.99) 1.20 (1.25-1.5) 
Brushite 0.11 (-0.23-0.19) 0.53 (0.50-0.62) 
Octacalcium-Phosphate 0.22 (-0.61-0.57) 0.76 (0.55-0.93) 
Ammonium acid urate 0.53 (0.46-0.55) -0.28 (-0.11 - -0.32) 
Struvite 1.2 ( - 1 . 2 - - 2 A )  -0.05 (-0.25-0.2) 
Sodium acid v_rate 0.05 (-0.4-0.4) 0.17 (-0.4-0.35) 

a in mg or mM per mg creatinine 
b per 24 h; mean of the last two experimental days 

Results 

1. General Data 

During the entire observation period PCS animals (n = 6) 
consumed m u c h  less food than controls  (n = 3); the values 

during the last three days were 16.4 -+ 1.4 g and 23.8 + 

0.6 g per day,  respectively.  In contrast ,  PCS rats consumed 

more  water  (76.4 -+ 15.1 and 43.8 + 2.5 ml  per  day,  respec- 

tively). The ne t  result  of  this eating behaviour  was an 

absence o f  weight  gain in the PCS rats (252 + 7.6 and 479 + 
36 g, respectively).  
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of protein catabolism, were all decreased after PCS. The 
respective values were 40.8 --- 1.6 and 52.3 -+ 3.8 g/l, 281 + 
21 and 357 -+ 24 rag/l, 2.60 -+ 0.2 and 4.0 -+ 0.2 rag/1 (PCS 
versus controls). 

The previously observed tendency toward PCS mediated 
low total calcium [8] was confirmed (2.15 -+ 0.05 and 
2.29 -+ 0.09 mM/1, respectively), and also a clearly higher 
parathyroid hormone (728 -+ 63 and 360 -+ 77 pg-equiv/ml, 
respectively). Gastrin, a hormone so far not implicated in 
urinary stone disease, was considerably lowered by PCS 
(43 +- 5 and 116 -+ 18 pg-equiv/ml respectively). 

3. Intestinal Absorption, Urinary Excretion, and Balance of  
Calcium, Magnesium, Phosphate; Minerals in Bone and Kidney 

From the data in Table 1 there was clear evidence that 
PCS reduced intestinal absorption of all three minerals, but 
increased urinary excretion per unit creatinine, albeit with 
phosphate there may have been no real increase. The 
balance of minerals was reduced by PCS; the greatest de- 
crease was observed with magnesium. Analysis of the three 
minerals in bone ash failed to detect differences between 
PCS and controls, when the measured mineral was related 
to bone volume (mM/ml; data not shown). In Contrast, the 
calcium content of renal medullary tissue, an area known to 
accumulate stone forming substances, was twice as high 
after PCS than in controls whereas phosphate remained 
stable (data not shown). 

Fig. 1. Ammonium acid urate stone found in the urinary tract of 
rats fifteen weeks after PCS. Diameter: 1.5 ram. Note that the main 
morphological property is concentric layering (onion-like structure); 
a radial fibrous structure is visible 

Fig. 2. Ammonium acid urate as in Fig. 1. Micrograph taken from 
the polarisation microscope (x 380). Note that the centrally located 
powder corn reflects the inner structure as shown by the native 
stone (Fig. 1) 

Fig. 3. Ammonium acid urate as in Fig. 1. Micrograph of stalky ag- 
gregate with bulbous surface taken from the scanning electron 
microscope (x 1140) 

There were no signs of urinary tract infection. When 
examining the urinary tract locally all PCS, but none of 
the control rats, had concretions in either the bladder or 
the pyelon. Analysis revealed ammonium acid urate, with 
minor admixtures of phosphorus, magnesium, potassium, 
calcium, the latter proven by micro-analysis. In Figs. 1-3  
are shown the onion-like inner structure of one of these 
stones (Fig. 1), the powder when evaluated by the polarisa- 
tion microscope (Fig. 2), and the crystals as documented 
by the scanning electron microscope (Fig. 3). 

2. Data in Blood and Serum 

The acid-base status, as reflected by the analysis of blood 
gases, was not changed by PCS. Total protein, an indicator 
of protein synthesis, and urea and creatinine, two indicators 

4. Urine Volume, pH, Other Urine Constituents; Relative 
Supersaturation Of Urine (Table 2) 

Among the measured variables there was an increase after 
PCS with volume (factor 3), uric acid (factor 6), ammonium 
(factor 11), citrate (factor 5), whereas pyrophosphate and 
oxalate were decreased to 63 and 61 per cent, respectively, 
of the values from control rats. The pH remained stabile. 

The calculated RSPs are unexpected in as much as the 
only stone forming phase exceeding the upper limit of the 
range of metastability was struvite, contrasting with am- 
monium acid urate as the major constituent of the stones 
formed by PCS rats (see above). The RSPs of other stone 
forming phases, like calcium phosphates and sodium acid 
urate, which are all known to precipitate along increasing 
urinary pH, were reduced by PCS, as is the case with 
calcium oxalate. 

Discussion 

In the rat PCS regularly induces urinary tract stones com- 
posed of ammonium acid urate, a stone phase found 
seldom in humans (approx. 0.5 per cent; [2]). The spectrum 
of associated anomalies in PCS, as opposed to control rats, 
relates to body weight, minerals, hormones, urinary uric 
acid, ammonium and citrate. They clearly indicate that this 
type of stone formation is metabolic in nature, and not 
merely due to the dietary behavior of these animals. 
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There is less clarity, however, on the mechanisms under- 
lying nucleation and growth of  ammonium urate, although 
PCS induces a striking increase in urinary ammonium and 
uric acid. Thus, in PCS rats a certain degree of  hyper- 
parathyroidism may prevail, as indicated by elevated 
parathyroid hormone. In humans uric acid lithiasis has 
been found associated with primary hyperparathyroidism 
[12], and in the rat hyperparathyroidism arising from 
dietary magnesium deficiency induces nephrocalcinosis 
[10], most likely due to enhanced deposition of  calcium 
phosphate. Unfortunately, the relative supersaturation 
product of  hydroxyapatite, a phase known to form in more 
alkaline urine [6], present in hyperparathyroidism, could 
not  be calculated because of  the small amounts of urine 
available for analyses. Also, the ability of hydroxyapatite 
to induce heterogeneous nucleation of other stone form- 
ing phases, e.g. calcium oxalate, has been documented [6], 
but  the influence upon ammonium urate remains unknown. 
Thus, at present the possible roles of parathyroid hormone 
and urinary supersaturation with hydroxyapatite as causes 
or mediators of ammonium urate stones formed in the 
presence of  intestinal malabsorption of  minerals after PCS 
await further investigation. One argument for such a role 
may be the higher content of  calcium in the renal medulla 

after PCS. 
The reduction of  blood gastrin concentration following 

PCS in the present study suggests that PCS alters, in ad- 
dition to parathyroid hormone, other peptide hormones, 
mainly from the gastrointestinal tract [13]. Interestingly, 
an association was found of low gastrin and high urinary 
pH in renal calcium stone patients [11], and in the present 
work there is a similar tendency toward higher pH in stone- 
forming PCS rats. 

The interpretation of  ammonium urate lithiasis is further 
hampered by the fact that its relative supersaturation 
product in urine does not exceed the upper limit of  recta- 
stability, above which spontaneous nucleation can be ex- 
pected [5]. In contrast, the relative supersaturation product 
of  struvite, another phase known to precipitate in alkaline 
urine, like hydroxyapatite, exceeds this limit. Together 
with the minute amounts of magnesium and phosphorus 
found within a number of  stones, it may be suggested that 
struvite may play some role in the nucleation of  ammonium 
acid urate. However, more direct studies on possible inter- 
actions of the two phases are not available. During the 
course of  our experiments it was reported that the increased 
uricosuria following PCS (see Table 2) may have provoked 
ammonium urate nucleation, but these authors did not 
give data on the physico-chemical environment in urine 
[ 14]. According to the present data factors other than simple 
supersaturation of  urine with urate, ammonium or both 
may have contributed. Citrate, an inhibitor of  nucleation of  
calcium containing stone phases (owing to its complexation 
of  calcium ions) and of  crystal growth and aggregation [ 1 ], 
substantially increases after PCS. For further studies one 
could speculate that citrate also interferes with struvite 
formation thereby stimulating ammonium acid urate. Some 
answers to unsolved questions as delineated here are ex- 

pected from current studies in this laboratory aimed at the 
prevention of  ammonium acid urate stones. 
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