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"One of the subjects in which the growth of our conceptions has been extremely 

slow, but about which, today, our knowledge far outruns the general profes-

sional recognition of it, is that which has to do with uric acid . We really 

know a great deal about its origin, the transformations which it undergoes and 

the way it is excreted. We are beginning to know something of its signifi -

cance, though far less, it must be admitted, than many people imagine" . 

Lewellys Barker, Physician-in-Chief to the Johns Hopkins Hospital, 1905 (1). 
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I. INTRODUCTION 

In man uric acid is the final product of purine metabolism . This results 

from lack of the enzyme uricase which catalyzes the oxidation of "insoluble" 

uric acid to "soluble" allantoin. Uric acid represents the last metabolite in 

purine metabolism in which the purine ring is still intact . Man, in the 

process of assuming his position on the top branch of the phylogenetic tree, 

has lost the enzymatic machinery to further metabolize uric acid. The com-

plete metabolism of uric acid, as is accomplished by certain bacteria is 

illustrated in figure 1(2) . 
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Bacteria , protozoans and most aquatic i nve rtebrates excrete ammonia as the :end 

product of pur i ne metabolism . However, deletions of enzymes involved in uric 
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acid catabolism occur sporadically along the phylogenetic tree. Some aquatic 

vertebrates are missing allantoicase (salmon) while some higher invertebrates 

(birds, the great apes, and man) are missing uricase. However, most ma~als, 

including all those species that are used for experimental work on renal 

transport of urate, possess uricase and thus maintain low concentrations of 

urate in extracellular fluid (rats, rabbits, dogs, and pigs). 

In mammals and some sub - mammalian vertebrates the major end product of 

nitrogen metabolism is urea (thus these animals are considered ureotelic). 

However, birds, certain reptiles, and insects are uricotelic, i.e. uric acid 

is the end product of nitrogen metabolism. These animals are thought to have 

developed uricotelism as an adaptation to terrestrial life and oviparity. 

Uric acid's insolubility in water makes it a prime nitrogenous waste that can 

be excreted in almost solid form. However, it is not clear why of all the 

ureotelic mammals man and the apes have developed without uricase. This 

absence of uricase and the relative insolubility of urates in aquaeous solu

tions are responsible for elevating uric acid from the status of an inter

mediary metabolite to that of being a clinically important compound. 

This review will cover the clinically relevant aspects of uric acid and 

urate as they pertain to the kidney. After discussing the physical proper

ties, metabolism, and renal transport of urate, I will address two major 

groups of disorders. First, I will cover the role of the kidney in the gene-

ration of uric acid-urate disorders. Second, I will address those clinical 

situations in which the kidney is damaged by uric acid or urate. 
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II. PHYSICAL PROPERTIES 

The relative insolubility of uric acid and monosodium urate is respon-

sible for most of the clinical disorders these substances cause . Uric acid is 

a weak organic acid with its physiologically significant pKa being 5.75. This 

is the ionization constant of the hydrogen at position 9. The hydrogens at 

positions 1,3, and 7 do not ionize significantly. In sodium containing solu-

tions the relative amounts or uric acid versus sodium urate can be calculated 

from the equation. pH=pKa + log Na urate/uric acid. At pH 7.4, the normal 

extracellular pH, the log of this ratio will be 1.65 and thus the ratio of Na 

urate to uric acid will be 45 to 1. Conversely, at pH 4.0, the minimum pH of 

urine, the log will be - 1.75 and the ratio of Na urate to uric acid will be 1 

to 56. This is graphically depicted in figure 2(3) where the % composition of 

an aquaeous solution of Na urate is plotted against solution pH . From these 

data one can predict that solubility of Na urate will be a major factor in 

determining what happens in extracellular fluid and alkaline urine while 

uric acid solubility will be the majo r factor i n acid urine. Figure 3(3) 

portrays the solub i lity of uric acid and urate as a function of pH . 
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FIGURE 3 

In addition to the concentration of protons, the concentration and type 

of other cations affect urate solubility (Table 1) . 
. + Increas1ng Na concen-
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tration decreases urate solubility + while K increases solubility. Low con-

centrations of NH: decrease solubility more than do equivalent concentrations 

+ of Na . 

Table 1 

CATIONIC EFFECTS ON URATE SOLUBILITY IN 

AQUAEOUS SOLUTIONS AT pH 7.4 

Ion concentration mM 

Sodium 

Sodium 

Potassium 

Ammonium 

6 

140 

12 

3 

Urate Solubility mg% 

140 

6.4 

248 

54 

Finally, temperature also plays a role in urate solubility (Table 2) (4) , 

Solubility is halved at 2°C. It is conceivable that this temperature depen-

dence may be clinically relevant in distal extremity joints where the tempera-

ture may fall below 35°C. 

A further physical property of urate that has generated much interest and 

conflict concerns urate binding to plasma proteins. Significant binding would 

obviously decrease the availability of urate for both filtration across the 

glomerular capillary and tubular secretion. In addition, changes in binding 

induced by certain drugs or inherited disorders of the binding protein could 

play an important pathophysiologic role. Some earlier studies (see reference 

5 for complete bibliography) found that a significant fraction (>15-20%) of 
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Table 2 

SOLUBILITY OF URATE AS A FUNCTION OF 

TEMPERATURE;" 

Temp ° C + Cone. mg% 

37 6.8 

35 6 . 0 

30 4.5 

25 3 .3 

20 2.5 

15 1.8 

10 1.2 

* From Loeb, J . N. (4) 

+ + In presence of 140mM Na 

urate is protein bound in human plasma (mostly to albumin). However, a more 

recent very carefully performed study discloses <5% binding to human serum or 

human serum albumin (5). This amount of binding is probably physiologically 

irrelevant. Further evidence for this statement comes from a study of a 4 yr 

old boy with analbuminemia. Urate clearance in this child was compared to 

both an age matched control and values from the literature (6). Plasma urate 

in the child was 3. 0 mg% compared to 4 . 5 mg% in the control child and to a 
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range of 3.1-5. 0 mg% reported in the literature. Urate clearance in ml/min 

was 19, versus 24 in the control child and a range of 5-19 from reports in the 

literature. 

III. MEASUREMENT OF URATE IN CLINICAL SPECIMENS 

Quantitative tests fo~ urate concentration are based on 2 chemical prin

ciples. The first (colorimetric) is based on an oxidation reduction reaction 

in which uric acid reduces colorless phosphotungstic acid to tungsten blue. 

The amount of reduction is followed spectrophotimetrically (7). This test is 

liable to interference by other reducing agents (Table 3). This test is also 

made difficult by the tendency of uric acid to co-precipitate with plasma 

proteins and by the tendency to develop turbidity in the test solution. The 

colorimetric phosphotungstic acid test can be performed both with manual kits 

and with an automated technique. The automated technique usually works on 

dialysate of serum and thus the problem of urate precipitation with protein is 

avoided. 

The second method is based on the enzymatic conversion of uric acid and 

oxygen to allan to in and H
2
o

2 
via the enzyme uricase. The products of this 

reaction can be measured calorimetrically (H
2
o

2
) or by differential spectro

photometry (in absorbance at 292 nm) (14, 15). It is generally felt that the 

uricase method is most specific and that automated techniques (both colori-

metric and enzymatic) are most accurate (13). In addition, results of serum 

samples measured with both techniques have demonstrated that colorimetric 

methods yield values about 1mg% higher than enzymatic methods. However, a 



Table 3 

SUBSTANCES WHICH CAUSE OVERESTIMATION 

OF [URATE] BY COLORIMETRIC METHODS 

Substance 

Ascorbic Acid 

Salicylates 

Gentisic Acid 

Homogentisic Acid 

Caffeine 

Theophyline 

1-Dopa 

Very High Glucose 

Concentrations 

Accumulated Chromogens 

in Renal Failiure 

Reference 

(7) 

(8) 

(8) 

(9) 

(10) 

(10) 

( 11) 

(12) 

(13) 
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recent study compared the results of urate measurements in 12 unknown samples 

dist r ibuted to 6 , 000 clinical laboratories in the U. S . (16) . While most of 

the laboratories used an automated phosphotungstic acid method, a total of 36 

different methods were utilized. This study compared the results of 12 manual 

phosphotungstic acid kits, 13 automated phosphotungstic acid procedures, 3 

manual uricase techniques and 8 automated uricase techniques . On the 12 

samples tested (representing a range of urate concentrations normally seen 



-9-

clinically) there was no significant difference between colorimetric and 

enzymatic techniques. However, the colorimetric techniques did have a signi

ficantly wider range of values than the uricase methods. 

IV. PURINE BIOSYNTHESIS 

A complete discussion of the developments that have led to our current 

understanding of the synthetic pathways for purine production is beyond the 

scope of this review. Please refer to reference 17 for a detailed discussion 

and further references. Figure 4 schematically illustrates the pertinent 

features of these pathways. Numbered in this figure and identified in the 

legend are those reactions which have been demonstrated to be altered in 

various inborn errors of metabolism (reactions numbered 2 - 8). Reaction 1, the 

formation of 5 - phosphoribosyl - 1-amine is catalyzed by the enzyme amidophos

phoribosyl transferase and is the rate limiting step for purine synthesis (see 

18-22 for detailed discussion of purine metabolism and its regulation). 

Although in total, documented inborn errors of metabolism amount for much 

less than 1% of cases of gout and hyperuricemia, patients with these disorders 

tend to have a fulminant clinical source. The two primary disorde rs of purine 

metabolism that result in massive increases in de novo purine synthesis and 

thus increased production of urate are abnormalities of hypoxanthine guanine 

phosphoribosyl transferase (HGPRT) and phosphoribosyl pyrophosphate synthetase 

(PRPP). 



PURINE METABOLISM IN MAN 
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FIGURE 4 
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Abnormalities of HGPRT are of two clinical types-complete absence of 

enzyme activity resulting in the classical Lesch-Nyhan syndrome (2 ,24) and 

partial absence of enzyme activity resulting in the Kelley-Seegmiller syndrome 

(25). Table 4 outlines pertinent features of HGPRT disorders. PRPP synthe-

tase disorders are also heterogenous and are outlined in Table 5. 

A common feature in the increased de novo purine synthesis of HGPRT and 

PRPP synthetase disorders is the presence of increased PRPP, a substrate for 

the rate limiting step in purine synthesis. There are an additional two 

disorders, inheritance of which are autosomal; that are associated with in-

creased PRPP synthesis: glucose-6- phosphatase deficiency (type I glycogen 
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Table 4 

DISORDERS OF HYPOXANTHINE GUANINE PHOSPHORIBOSYLTRANSFERASE~·~ 

Complete loss of enzyme activity Partial loss of enzyme activity 

a. Lesch-Nyhan Syndrome 
b. X-linked recessive 
c. Genetic heterogeneity 

regulator gene-absence of enzyme 
structural gene-Km mutants 

d. Increased uric acid synthesis 
mainly due to increased PRPP 
but also due to lack of hypoxanthine 
reutilization. 

* Reviewed in reference 19 

Table 5 

a. Early gout and stones 
b. X-linked recessive 
c. Genetic heterogeneity 

Km mutants 
altered enzyme stability 

d. Increased uric acid synthesis 
same as complete. 

DISORDERS OF PHOSPHORIBOSYLPYROPHOSPHATE SYNTHETASE~·~ 

Increased PRPP synthetase activity-X-linked recessive 

1 . Decreased sensitivity to feedback inhibition by 
purine nucleotides-normal Vmax and Km 

2. Increased Vmax-increased catalytic activity per 
enzyme molecule. 

3. Decreased Km-Increased affinity for substrate 
ribose-5-P. 

* From reference 22 
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storage disease or Von Gierke's disease-autosomal recessive) and increased 

glutathione reductase activity (autosomal dominant). The metabolic sequelae 

of these enzyme disorders are outlined in figure 5. 

RELATIONSHIP BETWEEN CARBOHYDRATE METABOLISM 

AND INCREASED PURINE SYNTHESIS-AUTOSOMAL VARIANTS 
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NADP+ NADPH + H+ 
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I\ 
~ 
2G~SG Sy~~;.:::-~Ph(osp::t; 

AMP 

PRPP Lactate TCA Cycle 

Purine stnthesis 

FIGURE 5. 
V. URIC ACID METABOLISM FROM A BALANCE STANDPOINT 

Infusion of 14c-uric acid has been used to estimate pool size and to 

determine various aspects of urate metabolism (renal and extrarenal elimina-

tion, turnover rate) in normals as well as in patients with urate disorders 

(26-33). Coupled with measurements of 24 hr urinary excretion of urates these 

studies can be used to develop a model of urate metabolism. 

When placed on a purine free diet for 5 days normal adult males eliminate 

less than 600 mg uric acid per day in their urine with a mean 24 hr excretion 

of 425 mg or 5.6 mg/kg/24 hr (30,34) Table 6. Average values in females are 
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50-100 mg/24 hr less (35 ,36). Since it is not always practical (but occa-

sionally mandatory) to place patients on a purine free diet, one must have a 

normal value for 24 hr urinary excretion of uric acid on an unregulated diet. 

Under these circumstances 800-1000 mg/24 hr is considered borderline and of 

sufficient suspicion to warrant repeat on a low or purine free diet. Excre-

tion of greater than 1000mg is considered clearly abnormal. 

Low or Purine 
free Diet 

Mean: 

Normal Upper 
Limit 

Unregulated Diet 
Suspicious 
Abnormal 

Table 6 

NORMAL 24 HR URINARY EXCRETION OF URATES 

Males 

425 

600 

800-1000 
>1000 

mg/24hr 
Females 

325-375 

500-550 

800-1000 
>1000 

In all studies examining urinary recovery of 14c-uric acid a discrepancy 

between the amount ingested and the amount recovered in urine as urate was 

found. A series of studies designed to investigate this discrepancy utilized 

both 14c labeled and 15 N labeled uric acid (26-28,37-40). In evaluating the 

results of these studies it is apparent that 30-35% of uric acid elimination 

involves the G. I. tract. While a small amount of urate is eliminated un-

changed in stool, most is degraded by bacteria to variable amounts of allan-

toin, allantoic acid, urea (all of which appear in urine) and co2 (eliminated 
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via expired air). Of importance is that the component of urate eliminated 

with the help of the G.I. tract appears to be directly related to plasma urate 

concentration and inversely related to renal elimination of urate (39,40). 

With respect to the size of the rapidly exchangeable urate pool, in 

normal males the average is 1200 mg with a range from 866 - 1650 mg (26-30, 

41,42) while in normal females the range is 541-638 mg (43,44). Values in 

females are not very certain because of the paucity of data. 

The above mentioned measurements of urate pool size and rates of renal 

and extrarenal elimination of urates can be incorpo rated into an overall model 

of urate balance depi cted in figure 6. 

TOTAL BODY URATE BALANCE 

Input 
Tissue 
Nucleic Acids~ 

de novo 
Purine Synthesis 

Dietary ¢ 
Purines 

Output 

-r-----L___ Intes tinal 

Miscible 7'Uricolysis 

Urate 
Pool 

A 
I 

• -------.. I Urate : 
I Tissue 1 
: Deposits : .._ ______ _ 

FIGURE 6 

Renal Excretion 

It should be noted at this point that in general, both intestinal and 

renal elimination of urate are related to plasma urate concentration and that 
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the latter is a reasonably accurate estimate of the rapidly miscible urate 

pool (in the absence of tophi). This latter relationship is demonstrated in 

figure 7 from reference 45 where serum urate concentration is plotted against 

the total exchangeable urate pool. As is evident, the data for this plot 

comes from several studies. In a representative study (that by Scott et.al. 

ref. 41) the relationship between serum urate and the pool size was linear and 

very significant (r=O. 88 p<O. 001). Pool size could be predicted from serum 

urate via the relationship of 2.7 mg of pool urate per kilogram of body weight 

per mg% of serum urate. 
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FIGURE 7 

Turnover of the uric acid pool is estimated from the fall in urinary isotope 

concentration in uric acid with time. Figure 8, a replot of data from refer-

ence 28 is an example of a turnover experiment ( the rate at which uric acid 

already present in the pool is replaced by newly formed uric acid) in a normal 

b . t . 15N . . d su Jec us1ng -ur1c ac1 . Note that turnover rate was 0.42 pools/day and 

that renal urate excretion was about 68% of the turnover. Turnover rates in 

normal subjects have been shown to range between 0.45-0.65 pools/day (mean 
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0.58) with urinary urate excretion of 55-75% of the turnover (mean 70%) (30, 

33) . 

At first glance one would expect that renal elimination of urate would 

reflect pool size. However, as will be discussed in more detail later, this 

is frequently not the case . Indeed, renal elimination of urate, except in 

those circumstances where urate clearance is changing, is a :more accurate 

reflection of turnover rate and of de novo purine synthesis (Table 7). This 

fact underlies the common approach of screening for over production of purines 
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FIGURE 8 

by quantifying 24 hr urinary uric acid excretion. As mentioned earlier and 

outlined in table 6, normal values have been established. 

Table 7 

Turnover = Urate Entry into Miscible Pool = Urate Exit from Miscible Pool 

II 

Exogenous (Diet) 

+ 

Endogenous (De novo 
Synthesis) 

II 

= Extrarenal Elimination 

+ 

= Renal Elimination 
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Difficulties in obtaining and properly handling 24 hr urine collections 

for quantitation of urate excretion have recently generated enthusiasm for a 

simplified screening for purine overproduction. This simplified procedure 

utilizes untimed spot urine collection and calculation of urate to creatinine 

concentration ratio or, urate to creatinine clearance ratio or urate excretion 

per 100 ml glomerular filtration rate (46-49). Table 8 summarizes the mathe-

matical principle behind these proposed simplifications. 

Table 8 

SIMPLIFIED ASSESSMENT OF URIC ACID EXCRETION•'~ 

U (mg/dl) V(ml/min) 
u 

U (mg/dl) V(ml/min)/S (mg/dl) 
c c 

u s 
u c 

u 
c 

Spot urine can be measured 

without requirement of V 

* Proposed by Simkin et al (49) 
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A more recent study compared these simplifications with 24 hr urate excretion 

rates in 26 normals, 2 patients with hyperuricemia or gout but without inborn 

errors of metabolism, and 22 patients with enzyme disorders associated with 

hyper and hypouricemia (50) . In patients without inborn errors of purine 

metabolism spot collections did not accurately predict 24 hr urinary urate 

excretion. The authors suggested that perhaps diurnal variation of renal 

excretion accounted for the poor correlation. I prefer a 24 hr urine in a 

plastic jug with toluene as preservative and no refrigeration (tends to preci-

pitate urates and cause low values if lab does not carefully redissolve sedi-

ment) . 

• 
VI. NORMAL RENAL HANDLING OF URATE 

A great deal is known about the normal renal transport of urate. Every 

tool available to the renal physiologist has been used to examine this issue: 

1) Clearance studies. 2) Stop flow clearance studies . 3) Tissue slice 

uptake. 4) In-vivo micropuncture. 5) In-vivo microperfusion. 6) In-vitro 

microperfusion of nephron segments. 7) Membrane vesicles. 8) Pharmacologic 

studies with all the above. Of practical necessity, only 1 and 2 with phar-

macologic studies have been performed in humans . Whereas a similar approach 

(utilizing laboratory animals) to something like sodium transport has yielded 

valuable information that can be extrapolated reliably to human physiology, it 

is unfortunate that majo r reservations must still exi st in extrapolating 

results from animal studies of urate transport to transport by the human 

kidney. There are several major r ea sons why these reservations currently 

exist . First, there is tremendous heterogeneity in urate transport among the 

various laboratory species utilized. Second, the study of s imultaneous bi-
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directional transport is technically difficult. Third, there is a heavy 

reliance on pharmacologic studies without good evidence that drug effects are 

specific for either unidirectional transport step. Fourth, there is also 

tremendous heterogeneity in drug responses among the various laboratory animal 

species. Fifth, chemical measurement of urate concentrations in the small 

volumes of fluids generated by animal studies (a few nanoliters) is techni

cally difficult. Sixth, intrarenal metabolism of urate occurs in some labora-

tory animals and has not been investigated in others. In spite of these 

deficiencies, there has developed a model of overall human renal handling of 

urate that enjoys general acceptance by the majority of workers in this field. 

It should be kept in mind and will be subsequently reiterated that the current 

model is only an operational model and may not be accurate-especially with 

respect to the specific site of urate transport and the quantitative aspects 

of secretion and reabsorption. Before discussing the current human model and 

the results of key studies which have generated this model, certain aspects of 

the animal research will be presented. With a few possible exceptions, 

studies on non-mammalian species will be omitted (refer to 51 for a detailed 

review of renal transport of urate in non-mammalian species). 

Mammals can be divided into three major groups based on the net renal 

transport of urate exhibited under natural conditions. These groups include: 

net secreters, modest net reabsorbers, and avid net reabsorbers (table 9, 

references 52-56). All studies in mammals (as well as in sub-mammalian verte

brates) have confirmed that the bulk of urate transport occurs in proximal 



Table 9 

HETEROGENEITY IN MAMMALIAN NET RENAL URATE TRANSPORT 

Species 

Guinea Pig 

Fractional Excretion 
of Urate 

NET SECRETORS 

Dalmatian coach hound 
Goat 

2.0-4.0 
up to 1.5 
1.3-3.8 
1. 0-3 . 0''' 
2.0-3.5 

Pig 
Rhesus monkey 

MODEST NET REABSORBERS 

Rat 
Non-Dalmatian dog 
Rabbit 
Cat 

0.2-0.3 
0.2-0.4 
0.2-0.95 
0.6-1.0 

AVID NET REABSORBERS 

Cebus monkey 
Man 

* Under urate loading 

0.04-0.15 
0.07-0.13 

Reference 

52 
52,53 

52 
54 
55 

56 
52 
52 
52 

55 
52 
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tubules. Most of the data comes from micropuncture studies of rats (5 7-64) 

which examine surface proximal convolutions, leaving pars recta and all sub-

surface (80% of the total) proximal tubules unexamined. In addition, none of 

these studies examine secretion and reabsorption simultaneously. What we can 

summarize from these studies (Table 10) is: 1) While net reabsorption occurs 

in rat surface proximal convoluted tubules, there is a large secretory flux. 

2) Both the reabsorptive and secretory fluxes are saturable and behave like 

carrier mediated transport processes. 3) Probenecid inhibits both secretion 

and reabsorption but, when administered systemically in high doses, produces 

net uricosuria (65). 
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Table 10 

CONCLUSIONS FROM URATE TRANSPORT STUDIES IN ANIMALS 

Micropuncture-surface proximal convolutions (rat). 
1. Net reabsorption with large secretory flux. 
2. Reabsorption and secretion saturable carrier mediated processes. 
3. Probenecid inhibits both reabsorption and secretion with net urico

suria. 

In Vitro-microperfusion of all nephron segements (rabbit). 
1. Secretion and reabsorption co-exist in all segments of proximal 

tubules. 
2. Major axial and internephron heterogeneity of the magnitudes of 

secretion and reabsorption. 

Brush border vesicles 
1. Mechanism of luminal membrane transport. 

a. co - transport with Na+ 
b. counter-transport with Cl or OH 
c. counter-transport with organic acids lactate, ~OH butyrate, 

acetoacetate 

More recently, there have been several studies on the transport of urate 

using the technique of in-vitro microperfusion of nephron segments (66 - 70). 

These studies have provided two major important new facts about urate trans-

port. First, both reabsorption and secretion occur in all regions of the 

proximal tubule as well as in all tubules (surface and non-surface). Second, 

there is tremendous axial heterogeneity as well as major internephron hetero-

geneity in the magnitudes of secretion and reabsorption. Just as in the rat 

micropuncture studies, these in-vitro rabbit studies demonstrate that both 

probenecid and pyrazinamide (pyrazinoate) affect secretion and reabsorption to 

variable extents. In some of these studies (69,70) simultaneous bidirectional 

urate transport was measured for the first time using both 
14c urate and a 

newly developed sensitive ultramicroassay (71). These data are illustrated in 

figure 9 where the magnitude of each unidirectional urat~ flux is illustrated 

in surface and deep nephrons of the rabbit. 



HETEROGENEITY OF URATE TRANSPORT IN RABBIT 
PROXIMAL TUBULES 

SURFACE 
NEPHRON 

DEEP 
NEPHRON 

FIGURE 9 

-22-

Finally, the technique of brush border vesicle uptake has been applied to 

the study of urate transport with the discovery of several exciting new poten-

tial mechanisms for urate movement (72-75)(Table 10). These studies support 

that urate can move across the luminal cell membrane of proximal tubules by 

+ - -
several mechanisms: co-transport with Na , counter-transport with OH or Cl , 

and counter-transport with organic anions such as lactate, ~-OH butyrate, and 

acetoacetate. The significance of these findings remains to be determined, 

but they may ultimately provide major insight into the interactions of net 

urate transport and metabolic acid-base disorders. While it is clearly pre-

mature to formulate a cellular model of proximal urate transport, the cur-

rently available animal data would predict something like figure 10. In this 

figure passive movement of urate is depicted by interrupted arrows while 

carrier mediated co-transport and counter-transport are depicted by solid 

arrows. On the blood side are depicted the two alternative situations of 
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carrier mediated urate uptake - -sharing or not sharing of the mechanism with 

PAH (para - aminohippurate) . 

CELLULAR MODEL OF URATE TRANSPORT 

LUMEN CELL BLOOD 
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FIGURE 10 

There is another recent development in the area of organic anion trans -

port in laboratory animals. Ligandin (glutathione S- transferase), a major 

organic anion binding protein found in liver and thought to play a major role 

in hepatic uptake of bilirubin and other organic anions has been identified in 

renal cortex (76 - 78). In addition, the presence of ligandin has been locali -

zed to the proximal tubule (79) . What r ole ligandin might play in organic 

anion transport and specifically urate transport remains to be determined . 

Since efforts to date have not found it in the membrane fraction of tissue 

homogenates it is possible that ligandin may not function in transport. 
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From the previous discussion of urate transport in sub-human mammalian 

species it appears obvious that in spite of the application of sophisticated 

techniques for investigating transport, there is no clear universal model. It 

should be no surprise that a model of urate transport in man, based on data 

derived from ingeneous but comparably crude techniques, should be on shaky 

grounds. However, a model for urate transport in the human kidney has been 

generated. The remainder of this discussion on renal transport of urate will 

focus on what information is available on human renal urate transport. 

Although there are still some holdouts, it is now generally felt that 

protein binding of urate is insignificant and thus <95% of the plasma urate is 

available for glomerular filtration. Since normal human clearance of urate is 

less than 10% of the creatinine or inulin clearance major reabsorptive capa 

city must be present . Evidence for secretion of urate in humans came from a 

clinical report (80) of a hypouricemic patient whose urinary excretion of 

endogenous urate exceeded the filtered load. This patient had a serum urate 

of 0 . 6mg% and a urate/inulin clearance ratio of 1.46 . Subsequently , with 

urate loading, osmotic diuresis, and probenecid normal subjects were found to 

achieve urateinulin clearance ratios of greater than 1 .2 (81) . Further sup 

port for the presence of secretion comes from more recent clinical reports of 

patients with hypouricemia and urate clearances greater than the glomerular 

filtration rate (82,83). 

During the same general period of time it was demonstrated that low doses 

of pyrazinamide and salicylates caused urate retention (84,85) . The results 

of these studies were interpreted empircally a s indi cating inhibition of urate 
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secretion. It was argued logically (but without proof) that since reabsorp-

tion of urate was so complete in man these drugs could not significantly 

inhibit reabsorption without producing quite noticeable uricosuria. Since 

urate elimination decreased with these drugs and because stimulation of reab-

sorption seemed unlikely, it was concluded that these agents must block secre-

tion. Subsequently, with partial documentation from animal studies, pyrazina-

mide has been used as a research tool to identify the magnitude of urate 

secretion (86). It has been demonstrated that pyrazinamide is converted to 

the active metabolite pyrazinoate and that high plasma concentrations result 

in uricosuria, presumably by an inhibition of reabsorption that exceeds the 

inhibitory effect on secretion (87 ,88). The principle of the pyrazinamide 

suppression test is illustrated in figure 11. 

PYRAZINAM IDE (PZA) SUPPRESSION TEST 
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FIGURE 11 

As depicted, the decrement in urinary urate after a 3 gm dose of pyrazinamide 

is taken as an index of urate secretion. However, this test makes two assump-

tions. First, that pyrazinamide only inhibits secretion. This assumption may 
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be valid in that measurements of plasma levels of the active metabolite pyra

zinoate have given values of 12-18 fjg/ml (89), levels previously shown to 

inhibit only secretion in sub-human primates (88). The second assumption is 

that all secretion occurs distal to reabsorption. It is critical to appre-

ciate that if this is not the case, pyrazinamide suppressible urate excretion 

will always underestimate secretion (even if pyrazinamide exclusively blocked 

secretion). This second assumption has been proven invalid. 

Pyrazinamide decreases urate excretion from an already very low level 

(10% of the filtered load of urate) to an even lower level. If this decrement 

in excretion, 5-8% of the filtered load, is taken to be the total quantity of 

urate secretion, then the magnitude of secretion is quite low . That this is 

not the case was first suspected from studies on the chimpanzee, t he primate 

that most resembles man when it comes to renal transport of urate. Infusion 

of the mercurial diuretic, Mersalyl, in the presence of probenecid to inhibit 

reabsorption, resulted in excretion of urate that approached twice the fil-

tered load (90). This observation demonstrated that secretion of urate is 

quantitatively much greater than that observed in the pyrazinamide suppression 

test and implied that the vast majority of secreted urate must be reabsorbed-

thus "post- secretory reabsorption". Subsequent studies have confirmed the 

presence of "post-secretory reabsorption" of urate by showing that pyrazina-

mide pre - treatment blunts the acute uricosuric ef ff~c t of probenecid and 

chlorothiazide (91, 92). Presumably these uricosuric agents normally inhibit 

reabsorption of a large portion of the secreted urate. The classical "model" 

of human renal transport of urate generated by these studie s is depicted i n 

figure 12 and is self-explanatory. In view of the more direct data from 
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animal studies, which demonstrate varying amounts of co-existing secretion and 

reabsorption, a model like that shown previously in figure 9 is more likely . 

MODEL OF URATE TRANSPORT HUMAN 

Proximal 
Nephron 

Excretion 

90 - Reabsorption 

90- Secretion 

90 - Post Secretory 
Reabsorption 

FIGURE 12 

Superimposed on the intrinsic transport characteristics for urate are 

certain well accepted regulatory influences. These include effective intra-

vascular volume, urine flow rate, possibly certain hormones, and plasma urate 

concentration . 

Volume expansion with isotonic or hypertonic saline increases urate 

clearance and may produce hypouricemia (93-96). The precise mechanism of this 

increased clearance is not fully known, but could be related to: 1) Increased 

passive backleak of reabsorbed urate secondary to altered peritubular Starling 

forces; 2) Increased net secretion produced by more favorable gradients 
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against which urate must be secreted (the increased tubular fluid flow rate 

should lower intra-tubular urate concentration by preventing accumulation); 

3) Decreased reabsorption; 4) Increased delivery of blood flow and filtered 

urate to a population of nephrons with greater net secretory capacity. It 

should be noted that a natural example of the relationship between plasma 

volume and urate clearance can be found in the volume expansion of pregnancy 

and its associated increased renal clearance (97). 

In contrast to volume expansion, contraction of effective intravascular 

volume is regularly associated with decreased urate clearance and the develop

ment of hyp e ruricemia (98-100). While mechanisms are also unclear, possibili -

ties include : 1) Altera tion in peritubular Starling forces favoring 

decreased backleak; 2) Slower intratubular fluid flow rate resulting in 

greater elevation of luminal urate concentration and thus resulting in gra -

dients less favorable for secretion; 3) Increased reabsorption; 4) In-

creased delivery of blood flow and filtered urate to a nephron population wi th 

a greater net reabsorptive capacity for urate. 

Several studies have shown that urate excretion may be directly related 

to urine flow rate (35,101 - 103). However, the magnitude of this effect is 

small and is clearly ove rridden by the influence of effective i ntravascular 

volume . Demonstration of the suprema cy of volume over flow rate has stemmed 

from observations in the syndrome of inappropriate antidiuretic hormone re 

lease (SIADH) where increased urate clearance and hypouricemia are caused by 

volume expansion in spite of relatively low urine flows (104) (Fig . 13 from 

reference 104) . Conversely, in the disorder of nephrogenic diabetes insipidus 

urine flow may be high but volume depletion results in hyperuricemia (lOS) . 



KIIUM 
UIIATI 

"'';dl 

1.0 

7.0 

5.0 

4.0 

3.0 

2.0 

-29-

HYPOURICEMIA IN SIADH 
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FIGURE 13 

As mentioned above, increased secretion of antidiuretic hormone has been 

associated with increased urate clearance probably via the indirect effect of 

volume expansion (104). It has also been demonstrated that angiotensin and 

norepinephrine decrease urate clearance (106). However, this effect is also 

probably indirect and mediated through changes in hemodynamics and peritubular 

Starling forces. Although the hyperuricemia seen with diuretic therapy and in 

Bartter' s syndrome could implicate increased renin and angiotensin levels, 

changes in effective blood volume most likely play the major role (107-109). 

Finally, the markedly lower incidence of hyperuricemia and gout in pre-meno-

pausal women has led to a search for sex hormone related differences in urate 

handling by the kidney. A few studies have found low dehydroepiandrosterone 

excretion rates as well as low serum testosterone levels in gouty men (110-

112). However, no relationship between plasma and urinary levels of dehydro-

epiandrosterone have been found (111). Also, exogenous adminstration of dehy-

droepiandrosterone has had no effect on uric acid levels (113). Of interest, 

is a prospective study on 22 trans-sexual men whose renal handling of urate 
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was measured before and after chronic administration of stilbestrol 5-40 

mg/day. Stilbestrol produced a significant fall in plasma urate levels as 

well as an increase in 24 hr urine urate excretion and uric acid to creatinine 

clearance ratio (114) . 

The last majo r regulatory factor of urate excretion is plasma urate 

level. In a classical study (86) the plasma urate of normals was lowered with 

allopurinol and elevated with RNA feeding. The resultant excretion of urate, 

tubular reabsorption of urate measured during inhibition of secretion, and 

tubular secretion indexed by the pyrazinamide induced decrease in excretion 

were correlated with plasma urate levels (Figs . 14-16). 

These studies clearly showed that both reabsorption and secretion increased 

with rising plasma urate with neither transport system exhibiting saturation 

over a seven fold range in net renal excretion of urate. Of note is that one 

subject failed to raise his plasma urate level as a result of a greater in

crease in secretion than .the rest of the subjects. This raised the question 

of whether adaptation can take place, i.e. can the uric acid load not only 

result in increased excretion at the expense of an elevated plasma concentra

tion (clearance remaining constant), but also induce accelerated secretion or 

decreased reabsorption so that excretion rises enough to normalize plasma 

urate (clearance increases). Additional studies suggest that clearance may 

sometimes increase. First , children develop hyperuricemia only transiently 

after exogenous urate loads. This results from augmented clearance of urate 

(probably via enhanced secretion) ( 115). In addition, sickle cell patients 

have been shown to have elevated clearance of urate (116) . Some of these 

patients on follow-up develop hyperuri cemia and gout. A proposed sequence of 

events in sickle cell anemia is outlined in figure 17 from reference 116. 
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VII. RENAL CONTRIBUTIONS TO URIC ACID- URATE DISORDERS 

A. Hyperuricemia And Gout. 

Before discussing renal contributions to hyperuricemia or gout it is 

appropriate to briefly review the prevalence of these disorders from an epide

miologic standpoint. 

In various population studies it has been demonstrated that serum urate 

levels are not normally distributed. Values are skewed towards the high side 

(more in men than in women). On a clinical basis the most rational definition 

of hyperuricemia is a value for serum urate concentration that excedes the 

normal solubility of urate in plasma- 7 .Omg% as measured by the specific 

uricase method. This would be considered an absolute definition of hyperuri

cemia. As an alternative one could define hyperuricemia on a relative basis, 

i.e. define abnormal elevation of urate as a concentration which exceeds that 

seen in 95% of a normal population. Using the latter definition, most would 

place the upper limit of normal serum urate at 7.0 mg% in males and 6.0 mg% in 

females. 

Three major U.S. studies provide information on the prevalence of hyper

uricemia (117-119)(Table 11). The Framingham, Mass. study (117) based on 2283 

men and 2844 women, all at least age 30 on entry into the study, showed that 

4.8% of men maintained mean serum urate values greater than 7.0 mg% while 9.3% 

had values greater than 7. 0 mg% if only their highest values were included. 

About 7% of women had levels greater than 6.0 mg%. After an average follow up 



Table 11 

PREVALENCE OF HYPERURICEMIA 

Study No. of Subjects 

Framingham, Mass Males 2283 
Females 2844 

Tecumseh, Mich. ~1ales 2987 
Females 3013 

Wadsworth, V.A . Males 1362 
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Elevated [urate] 
Males > 7mg%, 
Females > 6mg% 

9.3% 
7.0% 

7.4% 
7 .2% 

14 . 5% 

of 12 yrs 65 men (2.8%) and 11 women (0.4%) had at least one episode of gout. 

The Tecumseh, Hich. study (118) examined the prevalence of hyperuricemia in 

6,000 residents of that town. In males of all ages 7.4% had urate levels of 

7.0 mg% or greater while 7.2% of the females had values 6.0 mg% or greater. 

Finally, in an in-patient study of a male veteran population (119) composed of 

2,784 men, the prevalence of hyperuricemia in a subgroup of 1,364 patients was 

14.5%. However, if one excluded the 84 patients with known secondary hyper-

uricemia, the prevalence was 8. 8%. Of the patients with hyperuricemia not 

secondary to aspirin or metabolic acidosis, 27% had gout. For a further 

discussion of the epidemiology of hyperuricemia and gout, with special refer-

ence to age, sex, ethnic, anthropometric, and heretability aspects, the reader 

is referred to reference 120. 

1 . Normal Glomerular Filtration Rate 

It is now well established that at least 75%, but more like 90% of all 

patients with primary gout or asymptomatic hyperuricemia have a defect in 
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renal clearance of uric acid. The remaining 10% of patients with primary gout 

or asymptomatic hyperuricemia are overproducers of uric acid-a small fraction 

of which have documented inborn errors of metabolism (There may also be a 

Numerous investigators have shown that these patients with primary gout 

or hyperuricemia have a lower renal urate to inulin clearance ratio than 

normals (121-128) . Combining the results of several of these studies (126) 

yields the plot on figure 18 . Uric acid excretion is plotted against plasma 

urate concentration. The high levels of serum urate in these studies were 

achieved by RNA feeding or urate infusion. At any given plasma urate concen-

tration excretion was greater in normals as opposed to gouty patients. 
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In a recent study of urate turnover rate in normals and gouty patients 

(33) accurate quantification was made of turnover rate, urate pool, fr actional 

catabolic rate (that portion of the pool eliminated per day), metabolic clear-

ance rate, and that fraction of the turnover rate excreted renally. Table 12 

outlines the results of these studies. 

Table 12 

COMPARISON OF URATE KINETICS IN NORMALS AND GOUTY 
PATIENTS WITH NORMAL URATE PRODUCTION•'• 

Plasma urate mg% 
Urate excretion

2
mg/24 hr 

Urate pool mg/M 
2 Turnover rate mg/day m 

2 Metabolic clearance 1/day m 
% of turnover excreted in 
urine 

* All values ± ISD; from (33) 

Normals 

4.5±0.5 
464±95 
563±37 
381±78 
8 .5±1.7 

65.6±7.0 

Gouty Normal Producers 

7. 7±1.4 
393±68 
881±152 
348±75 
4. 7±1. 3 

62.4±9.5 

Gouty pat i ents had a significantly higher exchangeable pool and a lower meta -

bolic clearance rate. However, renal excretion of urate and turnover rate 

(and thus also the % of turnover renally excre ted) were normal . These recent 

findings confirm the presence of a defect in renal clearBnce in gouty normal 

producers resulting in an increased urate pool and plasma urate. Note that 

renal excretion tended (although not significantly so) to be lower in gouty 

normal producers . It is likely that their elevated plasma urate level re -

sulted in a slight increase in intestinal clearance of urate . 

Given this apparent renal defect in primary gout and asymptomatic hyper -

uricemia, one would ask what is the mechanism- -decreased filtration? in-
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creased reabsorption? or defective secretion? As described earlier, protein 

binding of urate is probably physiologically insignificant. In addition, 

those studies which have suggested significant protein binding have found 

normal or reduced binding in the serum of gouty patients (129, 130). Thus 

decreased filtration as a result of enhanced binding is unlikely. 

Studies with pyrazinamide in gouty patients were initially interpreted as 

showing a defect in tubular secretion of urate (127). Figure 19 from refer-

ence 127 demonstrates that tubular secretion of urate (assessed as pyrazina -

mide suppressible urate excretion) is reduced when compared to normals (normal 

range enclosed by interrupted lines) . 
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FIGURE 19 

However, it is now evident that such an interpretation may .be incorrect. It 

is equally plausible that the abnormality in PZA suppressible excretion could 

be secondary to enhanced reabsorption of the secreted urate--enhanced "post 

secretory reabsorption''. Recently there has been another pharmacologic attempt 
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at dissecting out the renal defect in primary gout and hyp~ruricemia. Benz-

bromarone, a uricosuric drug several times more potent than probenecid, has no 

effect on urate excretion in subjects pre-treated with pyrazinamide (131). 

This 1.s in contrast to studies with probenecid and chlorothiazide (91 ,92) 

where pyrazinamide significantly reduced but did not eliminate the uricosuric 

response to these drugs. This differential effect of pyrazinamide on benzbromarone, as co 

uricosurics, has been interpreted as strong evidence that benzbromarone only 

affects urate reabsorption in tubular sites distal to secretion. With this 

assumption, the magnitude of the uricosuric response to benzbromarone should 

be an indication of the magnitude of urate secretion . In a comparison of the 

benzbromarone induced maximum uricosuric response of normals versus gouty 

patients :Lt was recently found that gouty patients do not achieve the same 

degree of uricosuria (132). The results of this study are shown in Figure 20. 
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As can be seen, the 8 gouty patients (represent by interrupted lines) had 

lower baseline uric acid excretion rates than normals (solid lines) with 

similar plasma urate levels. When urate excretion was increased with benz-

bromarone the gouty patients did not appear to achieve the same uricosuric 

response. While this data is a bit stronger support for a defect in urate 

secretion in gout than the data from pyrazinamide studies, it still does not 

exclude the possibility that gouty patients possess enhanced urate reabsorp-

tion that is insensitive to benzbromarone. It is doubtful that any pharma-

cologie clearance study will be able to pinpoint the renal defect in gout and 

hyperuricemia. However, man is not the only animal that develops gout. It is 

known that certain fowl will develop articular gout--especially if fed a high 

meat diet (133) . An inbred strain of white-leghorn chickens that develops 

hyperuricemia and gout while on a normal diet has been recently developed 

(134). These animals have been shown to have a reduced urate clearance (134) . 

The chicken kidney has a dual blood supply--arterial blood provides glomerular 

filtrate exclusively \¥bile renal portal blood bathes the peri tubular surfaces. 

Recent studies employing renal portal perfusion in these gouty chickens have 

demonstrated a 2/3 reduction in 14c urate secretion (135). It is admittedly a 

long way from chicken to man, but these studies are nonetheless, quite ex-

citing. 

Ever since the early demonstration that the urine of uric acid stone 

+ formers tends to be more acidic than normals and that NH4 excretion tends to 

be low in such patients as well as in certain gouty patients (1 36, 137), there 

has been an attempt to link a renal acidification defect with gout and hyper-

uricemia. It has been shown that in some gouty patients a relatively high 
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purine diet results in a mild metabolic acidosis with a subnormal ammonium 

excretion rate and a decreased response of urinary ammonium excretion to an 

ammonium chloride load ( 138,139). Two theories have been proposed to link 

gout and decreased urinary ammonium excretion via a mechanism involving al-

tered metabolism of the amino acid glutamine (137,140). These are illustrated 

in figure 21. 

GLUTAMINE METABOLISM AND GOUT 

KIDNEY 

FIGURE 21 
First, deficiency in glutaminase activity was postulated with resultant loss 

of NH
3 

for excretion and surplus of glutamine for de novo purine synthesis in 

the liver (137). This has been considered unlikely for several reasons: 1) 

Plasma glutamine levels are not elevated in gout or hyperuricemia; 2) Normal 

glutaminase activity has been found in renal tissue obtained from biopsied 

gouty patients (141); 3) Intracellular glutamine concentration under normal 

conditions probably is several fold higher than required to saturate the 

initial step in purine biosynthesis. 
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The second theory proposes a decreased activity of glutamate dehydroge-

nase (140,142) with elevated glutamate levels resulting in inhibition of 

glutaminase and a further sequence similar to theory 1. The presence of 

elevated plasma glutamate levels in some studies of gouty patients lends 

support to this proposal (140, 142). In this regard it is of interest that 

plasma glutamate levels were increased in asymptomatic hyperuricemic relatives 

of gouty patients (142). Proof for a decreased activity of glutamate de-

hydrogenase is not available. 

One final note before leaving this discussion of the renal defect in 

primary gout. It is easy to become confused about the physiology of hyper-

uricemia when terms such as underexcretors and overexcretors are used. Under 

and over with respect to what? As we have seen, most patients with hyperuri-

cemia and gout have a renal defect but they excrete the same amount of urate 

in 24 hrs as normouricemics. They can be considered as underexcretors with 

respect to their plasma urate level but I prefer to classify them as primary 

gout with normal purine production and a decrease in renal clearance of urate -

(U V/P ) is decreased as opposed to excretion (U t V) which is nor-urate urate ura e 

mal). Similarly, those hyperuricemics who have accelerated purine synthesis 

are called overexcretors. They do overexcrete when compared to normals but 

excrete normally when plasma urate concentration is taken into consideration. 

I prefer to label these patients as primary over producers with normal renal 

clearance of urate . normal while U t V is increased . ura e 
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2. Normal Glomerular Filtration Rate With Disease, Drug, Or Metabolite 

Induced Decrease In Renal Urate Excretion. 

A. Diseases Associated With Hyperuricemia And Gout. 

Probably the most common disease associated with hyperuricemia is hyper-

tension . While a significant, and probably the major, contributor to this 

hyperuricemia is diuretic therapy (to be discussed subsequently) there is a 

lowered renal clearance of urate in hyperuricemic hypertensives that are not 

on diuretics . From 20 - 32% of untreated hype r tensives are hyperuricemic (143 -

146). Table 13 outlines the prevalence of hyperuricemia in a hypertensive 

population (146). 

Table 13 

PREVALENCE OF HYPERURICEMIA IN HYPERTENSION''' 

NUMBER +SERUM URATE mg% % HYPERURICEMIC 
Catagory M F M F M F 
Normotensive 106 110 6.3 4.6 6 6 
Hypertensive-all 60 89 8.1 6 . 2 48 49 
Non-renal hyptn. 36 52 7.7 5.6 34 39 
Renal hytn. 24 37 8.8 7 . 0 74 63 
Accelerated hyptn . 4 15 7.7 7 . 1 50 53 
Creatinine >1.2 22 21 8.9 7.5 30 32 
No Treatment 12 28 7 . 2 5.3 30 32 
Diuretics only 13 6 7 . 7 4 . 9 36 17 
Hypotensive agents 35 55 8.4 6 . 8 54 61 

t From Garrick et.al. (146). 
Group Mean 

The mechanism for this reduction in clearance of urate in hypertension is not 

clear. That it may be due to reduced renal perfusion with maintenance of 

glomerular filtration rate is supported by studies in patients with unilateral 
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renal artery stenosis and hypertension (147) . Bilateral ureteral catheteri-

zation and split function studies in 11 such patients showed a remarkably 

reduced ratio of urate to inulin clearance in the stenotic hypoperfused kid -

ney. Clearance improved after repair of stenosis. As mentioned 

earlier, it has been shown that angiotensin in doses sufficient to reduce 

renal blood flow but not glomerular filtration rate decreases urate clearance . 

A portion of hypertensive patients may possess this pathophysiologic mecha-

nism. In addition, low grade lactic acidosis with lactate induced reduction 

in urate excretion has been postulated (147,148) . 

The frequent association of hyperuricemia with hypertension may make it 

difficult to determine whether a given patient's serum urate level is com-

patible with hypertension and its treatment or whether it is elevated secon-

dary to some other process. In an effort to address this issue a study of 250 

hypertensive patients correlated serum urate with BUN and the use of diuretic 

therapy (149). The data from this study is summarized in table 14 and may 

prove useful. 

Table 14 

SERUM URATE LEVELS IN HYPERTENSIVES ON OR OFF DIURETIC THERAPY* 

MALES FEI"lALES 
BUN No Diuretics Diuretic No Diuret ics Diuretic 

12 6.05 6.55 5.21 5 . 88 
24 7 . 39 7.90 6.55 7.22 
48 8.74 9 .24 7.90 8.57 
96 9.91 10.58 9 .24 9.91 

o.)\ From Bulpitt (149) . 
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B. Substances That Enhance Urate Reabsorption 

There are no drugs or metabolites that have been proven to enhance tu-

bular reabsorption of urate directly. However, the drugs that most often are 

associated with hyperuricemia are the diuretics. Every diuretic (except for 

the uricosuric agent ticrynafen which is no longer available) has been re -

ported to produce hyperuricemia (see table 15 for agents and references). 

Table 15 

DIURETIC INDUCED HYPERURICEMIA 

DRUG 
THIAZIDES 
CHLORTHALIDONE 
FUROSEMIDE 
ETHACRYNIC ACID 
ACETAZOLAMIDE 
TRIAHTERENE 
AMILORIDE 
ORGANOMERCURIALS 
OSMOTIC DIURETICS 

REFERENCES 
150-152 

153 
93,99 

154 
100' 155 

156 
15 7 
158 
159 

However, most diuretics have a biphasic effect. They may cause a transient 

acute uricosuria (151, 160) (especially when administered intravenously) but 

the clinically important expression of their effect on urate excretion is that 

of decreased clearance. Two mechanisms for urate retention with diuretics 

have been proposed . The predominant one is that of volume depletion and 

secondary urate retention . Whether this is secondary to decreased renal 

perfusion with a fall in secretion or passive backleak of urate due to altered 

Starling forces is unclear. Proof for the dependency of urate retention on 

volume depletion comes from several sources (99,161-163). Shown in figure 22 

from reference 99 are examples of furosemide and ethacrynic acid induced 

antiuricosuric effects aborted by prevention of salt depletion. 
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C. Substances That Decrease Secretion Of Urate. 
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Table 16 lists those drugs and metabolites which are thought to cause 

hyperuricemia by inhibition of tubular secretion of urate. 

Table 16 

SUBSTANCES THAT INHIBIT URATE SECRETION 

SUBSTANCE 

1. Pyrazinamide 
2 . Lactate 
3. ~ hydroxybutyrate 
4. Acetoacetate 
5. Salicylate (5 - 10 mg%) 
6. Nicotinic acid 
7 . Ethanol 
8 . Ethambutol 

REFERENCE 

84,87,88,164,165 
84,166,167 

168,169 
169 

85,170- 172 
173-176 
177 - 186 
187,188 



-45-

Pyrazinamide has been discussed previously. With respect to lactate, ~-hydr-

oxybutyrate and acetoacetate, it has been thought that these\ substances com

' 
pete with urate for the organic anion secretory process located at the peri-

tubular membrane of proximal tubule cells. This was considered logical since 

stimulation of reabsorption seemed unlikely. However, preliminary data re-

cently presented (75) raises the possibility of enhanced urate reabsorption 

induced by these organic anions. A possible scheme is presented in figure 23. 

Proof for such a scheme will require further studies. 

URINE 

POSSIBLE DUAL EFFECTS OF 

ORGANIC ANIONS ON URATE TRANSPORT 

CELL BLOOD 

~ -
-.Lurate_ 

Lactate 

FIGURE 23 

Salicylates have been shown to be antiuricosuric in low doses and urico-

suric in high doses (85, 170-172). A possible explanation for this biphasic 

effect of salicylate may relate to its metabolism. Early studies (189) demon-

strated that with low doses of salicylate conjugated forms are the major 
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excreted metabolites, i.e. there is virtually no free salicylate in the urine. 

The major conjugates are salicylurate, salicyl acyl glucuronide and salicyl 

phenolic glucuronide. The clearances of the former two were found to be 444 

and 331 ml/min respectively. Such a high clearance is definite proof for 

tubular secretion. With higher doses, more free salicylate appears in the 

urine. It has been proposed (190) that low dose salicylate inhibit urate 

secretion by conjugated forms competing with urate for uptake at the peri

tubular cell border. In contrast, high doses of salicylates saturate hepatic 

conjugation and result in increased filtered loads of free salicylate which 

competes with urate for reabsorption. 

Nicotinic acid in clinically used doses is a very potent inhibitor of 

urate clearance (60-70% decrease in urate to creatinine clearance) and on 

chronic use, routinely elevates plasma urate by more than 1 mg% (173-176). It 

appears that nicotinic acid inhibits the uricosuric effect of several agents 

(176) so that clinically important hyperuricemia induced by nicotinic acid 

will require re-evaluation of its benefit and subsequent allopurinol treatment 

if nicotinic acid therapy is continued. 

Finally, both acute and chronic intake of significant amounts of alcohol 

(>100 gmday) are associated with hyperuricemia (177 - 186). The mechanism of 

this hyperuricemic effect is multifactorial and schematically illustrated in 

figure 24 where those metabolic abnormalities regularly seen with alcohol 

ingestion are listed on the left and sporadic abnormalities are listed on the 

right. Recently an interesting preliminary report on uric acid metabolism in 

gouty patients given alcohol suggested that hyperuricemia may be due mainly to 
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HYPERURICEMIA OF ALCOHOL 

REGULAR 

t ADH-Volume Depletion 

FIGURE 24 

OCCASSIONAL 

Alcoho lic 
Ketonemia 

Hypoglycemia ATP Depletion 
+Nucleotide Degredation 

increased degradation of adenine nucleotides (191). Five gouty subjects were 

given oral ethanol (1.8 g/kg / 24) for 8 days while on an isocaloric purine free 

diet. Plasma urate increased from 8.6 to 10.1 mg% and lactate increased from 

1.3 to 2.8 mM. Urinary uric acid (mg/gm creatinine) increased 89% while urate 

to creatinine clearance ratio did not change. Urinary oxypurines increased 5 

fold. 14c-urate isotope dilution studies showed that the urate pool increased 

by 86% and urate turnover by 98%. These interesting findings appear to com-

pliment studies done by Ferguson, Blachley, Carter, Haller, and Knochel (192, 

193) in alcoholic dogs. These animals develop a rise in intracellular Na and 

fall in K with elevated transmembrane voltage and increases in NaK ATPase 

activity after a few weeks of chronic alcohol ingestion. These authors (192, 

193) have suggested that alcohol might produce a change in membrane perme-

ability resulting in derangements of intracellular ion activity. The cell 
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then attempts to compensate by increasing pump activity--a maneuver that re-

quires increased ATP turnover. A proposed model of this mechanism of alcohol 

induced hyperuricemia is outlined in figure 25. 
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FIGURE 25 

ALCOHOL INDUCED 

HYPERURICEMIA 

In addition to the above mentioned drugs and metabolites there are a 

group of miscellaneous disorders associated with hyperuricemia that may in-

volve a renal mechanism but require further delineation. These include sar-

cardosis (194), chronic berylliosis (195), hyperparathyroidism (196-198) and 

Down's Syndrome (199-201). 

A. Hyperuricemia Or Gout With Decreased Renal Function. 

In most forms of chronic renal insufficiency, urate excretion per unit 

glomerular filtration rate tends to rise (37,202-205). However, clearance of 
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urate still falls significantly, even in early renal disease when glomerular 

filtration rate is still normal (204). Figure 26 (202) demonstrates the 

relation between inulin clearance and plasma urate in 36 non-gouty patients 

with varying stages of chronic renal failure. 

RELATIONSHIP OF PLASMA URATE TO 
INULIN CLEARANCE IN NON-GOUTY SUBJECTS 

P,,.,.• I0.4- 2.38 LOG c..._. 

Jt.•0.528 

.-·--- -..•- -.- - .· .. . 
10 20 so •o &o eo 10 eo to 100 uo 120 13o 

C INL<.IN (mi./min.) 

FIGURE 26 

There is modest but significant relation between plasma urate and clearance. 

If one extrapolated to a clearance of zero plasma urate would not be expected 

to exceed 10 mg%. In general this is a good rule of thumb and should remind 

us to look for additional causes of hyperuricemia in patients with end stage 

chronic renal failure and serum urate greater than 10 mg%. As already stated, 

even though both decreased urate clearance and elevated plasma urate concen-

trations are predictable in renal failure, urate excretion per unit glomerular 

filtration rate actually rises. Table 17 from reference 204 nicely documents 

this fact. 
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Table 17 
URATE CtEARANCE IN RENAL DISEASE•'• 

Kidney Disease 
Normal Normal GFR Decreased GFR 

C. 1 . ml/min/1.73 2 
119.9 113.4 52.1 m 1nu 1n 

CUA ml/min/1 . 73 m 
2 

12.9 9.1 7. 4 

CUA/C inulin x100 11.3 8.2 16.2 

* From McPhaul (204) 

The reason for the elevation of urate to creatinine clearance in renal 

disease has been investigated via the often used pyrazinamide suppression test 

(202). Pyrazinamide suppressible urate excretion per unit glomerular filtra -

tion rate was found to be significantly eleva ted in renal dis ease. This 

finding suggested that the "adaptive" increase in urate to creatinine clear-

ance ratio in renal failure was secondary to i ncreas ed secretion of urate per 

nephron. Further support for such a theory was must ered from studies in 

normal patients who were acutely uninephrectomi zed as donors for renal trans-

plantation (206). Figure 27 shows that 14 of 15 normal kidney donors in-

creased pyrazinamide suppressible ura t e excret ion without a significant in-

crease in plasma urate. 
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However, one must keep in mind the previously discussed ambiguity in interpre

ting this test as documentation for increased secretion. It is just as likely 

that suppressed "post-secretory reabsorption" occurs. Interestingly, inodoxyl 

sulfate and hippuric acid, both of which are known to accumulate in plasma in 

chronic renal failure, inhibit PAR and urate uptake in separated rabbit renal 

cortical tubules and are also uricosuric when ingested by normals (207). This 

study, (207), raises the interesting possibility of the accumulation in uremic 

plasma of substances that can compete with urate for tubular reabsorption. 

Although hyperuricemia is the rule in chronic renal failure, acute gout 

is rare (208-210) (probably 1%). However, there are certain types of renal 

disease known to be associated with a higher incidence of gout. These include 

lead nephropathy (211-219), renal amyloidosis (220), polycystic kidney disease 

(221,222), and medullary cystic disease (223). Currently, it is safe to say 

that the reason(s) for the development of hyperuricemia and gout in these 

primary renal diseases is unknown. However, the common association of gout 

with lead nephropathy has stimulated some to screen for the possibility of 

chronic lead exposure in gouty patients who manifest decreased glomerular 

filtration rates (224). In a search for chronic lead overload as the possible 

explanation for "gouty nephropathy" in a group of 22 patients with gout and 

renal disease, lead excretion after EDTA was abnormal in the gouty patients 

with renal disease but not in patients with a similar degree of renal disease 

and no gout (Table 18). These recent findings should remind all physicians to 

suspect lead. The EDTA mobilization test is currently the most sensitive way 

to evaluate a patient for pathological lead load (224). 



Table 18 

POSSIBLE ROLE FOR LEAD IN 
GOUTY NEPHROPATHY* 

Gout - No Gout - With 
Renal Disease Renal Disease 

No. of Patients: 22 
Age: 53 
History of 
Lead Exposure: 16 
Serum Uric Acid: 9 
Creatinine Clearance: 84 
EDTA Results: 470 
fJgm urinary lead 
excretion in 72 hrs 

*From Batuman et al (224). 

B. Hypouricemia 

22 
57 

10 
10 
54 

806 

No Gout - With 
Renal Disease 

10 
61 

8.4 
45 

424 
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The kidney also plays a major role in those disorders associated with 

hypouricemia. From the two major population studi es of serum urate levels 

(117,118), a urate level of less than 2.5 mg% in adult males and less than 2.1 

mg% in adult females is more than two standard deviations below the mean. A 

useful classification of renal disorders associated with hypouricemia is 

listed in table 19. Hissing from this table are conditions associated with 

underproduction of uric acid. There are five such conditions: 1) xanthine 

oxidase deficiency--an autosomal recessive disorder associated with extremely 

low serum urate levels and urinary excretion of hypoxanthine and xanthine as 

the end products of purine metabolism. The diagnosis of this disorder is 

usually made from the unexpected finding of a low serum urate but is occa-

sionally made after passage of a stone composed of xanthine (s ee ref. 225 for 

complete review of this disorder); 2) Decreased PRPP-- synthetase activity 

(226); 3) Decreased purine nucleoside phophorylase activity (227,229) an 
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inborn error of metabolism associated with disturbed T lymphocyte function; 4) 

Severe liver disease (230-232) with probable associated marked decrease in 

liver xanthine oxidase; 5) Allopurinol therapy (233). 

Table 19 
HYPOURICEMIA WITH RENAL PARTICIPATION 

A. Increased renal excretion: 
1. Defect in Uric Acid Transport 

a. idiopathic (80,82,83) 
b. 2 ° to tumors (Hodgkins, lung cancer, benign tumors )(234- 236) 
c. liver disease (Laennec's cirrhosis)(237,238) 

2. Generalized Renal Tubular Transport Defect 
a. idiopathic (Fanconi)(239,241) 
b. Wilson's disease (242) 
c. cystinosis (243) 
d. multiple myeloma (244) 
e. heavy metals (245) 
f. galactosemia (246) 
g. hereditary fructose intolerance (247) 
h. outdated tetracyclines (248) 

·k3. Drugs 
a. uricosuric drugs 
b. high dose aspirin 
c. radiocontrast agents 
d. ascorbic acid 
e. anticoagulants 
f. glycerol guaiacholate 

4. Normal Preg~~ncy (97) 

·- -------------- - - ·-· --- --· * Incomplete drug list . See ref. 249,250 for more complete list. 

In a study of the incidence and causes of hypouricemia 6,629 serum sam-

ples were analyzed for urate. The incidence of urate values less than 2 mg% 

was approximately 1/100. Two .!:J~i_rds of these were drug re] a ted \vith the most 

common agents being aspirin, radio contrast agents, glycerol guaiacholate and 

allopurinol (233). 
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VIII. EFFECTS OF URIC ACID AND URATE ON THE KIDNEY 

There are four major syndromes in which the kidney is the victim of uric 

acid or urate disorders. These include: 1) Acute uric acid nephropathy; 2) 

Urate nephropathy; 3) Uric acid lithiasis; 4) Hyperuricosuric calcium uro

lithiasis. 

A. Acute Uric Acid Nephropathy . 

Acute uric acid nephropathy is a syndrome of acute oliguric renal failure 

associated with very high plasma urate levels and frequent appearance of uric 

acid crystals in urine. Although less than 100 patients with this disorder 

have been reported in the literature , it is probably more common. There are 

several etiologies. Probably the most common cause of acute uric acid nephro 

pathy is an acute increase in urate load, either from increased purine turn

over of a large tumor load or from a tumor that ha s been treated with cyto-

toxic therapy or radiation (251 -25 7). Some cases may be related to heat 

stress and severe exercise (258) or uncontrolled grand mal seizures (259). 

Finally, this syndrome has been reported after uricosuric therapy in a patient 

with gout (260). No matter what the cause of the increased purine load, 

volume depletion a nd a stimulus to excrete an acid urine increase the risk of 

developing this syndrome. 

The diagnosis of acute uric acid nephropathy is generally not diffi cult 

to make. Awareness of the cl i nical se tting in which it occurs is probably 

most important. Recently, a sensitive diagnostic test for thi s disorder ha s 
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been reported (253). In comparing certain laboratory indices of 5 patients 

having acute uric acid nephropathy with 27 patients having acute oliguric 

renal failure of other etiologies, it was discovered that the urinary uric 

acid to creatinine concentration ratio was the most sensitive diagnostic test. 

Table 20 summarizes this comparison. 

Table 20 
COMPARISON OF ACUTE URIC ACID NEPHROPATHY WITH 

ACUTE RENAL FAILURE FROM OTHER CAUSES* 

Acute 
Uric Acid Acute 
Nephropathy Renal Failure 

No. 5 27 

Creatinine mg% 4.8 6.2 
at diagnosis 

BUN mg% 86 82 
at diagnosis 

Serum Urate mg% 21.0 13.8 
at diagnosis 

Urinary uric acid 1. 68 0.43 
to creatinine ratio 
(Range) (1.0-2.6) (0.12-0.90) 

* From Kelton et . al. (253) 

Initial reports of acute uric acid nephropathy (251) documented a marta -

lity rate of 44%. In these types of patients mortality is frequent multi-

factorial. However, the higher rate reported earlier is significantly related 

to the unavailability of dialysis. Currently, mortality due to anything other 

than the underlying disease and its non- renal complications should be rare. 
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Treatment of this disorder should first and foremost be prevention. 

Allopurinol pretreatment (>72 hr prior to therapy of tumors) and avoidance of 

volume depletion and stimuli to excrete acid urine (or actual urine alkalini

zation) are most often successful prophylaxis. However, occasional patients 

will develop the syndrome in spite of prophylaxis or will present already in 

renal failure. All such patients should be volume expanded with saline and 

given mannitol. Urine should be alkalinized with NaHC0
3 

and allopurinol 

should be started. If a diuresis is not achieved, plasma urate should be 

lowered with dialysis even if the patient has no other pressing metabolic need 

for dialysis such as severe hyperkalemia, uremia, or acidosis. Since hemo

dialysis achieves urate clearances 10 times greater than peritoneal dialysis 

(252), it is the preferred intervention. More common in the pre-cytotoxic 

drug era were patients who appeared to develop this syndrome in a sub-acute 

fashion. These patients tended to have urate stones and obstructions. This 

possibility must always be kept in mind in patients who do not respond with a 

diuresis after serum urate is lowered to approximately 10 mg%. 

B. Urate Nephropathy 

When one hears the term urate nephropathy a natural response is to ask 

"Does it really exist"? A common accompanying question is "If urate nephro

pathy is a discrete clinical problem, who is at risk and in need of prophy

lactic therapy"? 

Urate nephropathy is a definite clinical and pathologic entity--but 

probably more the latter. Early reports of gouty patients showed that 15-20% 
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of these patients have significant azotemia when they die and that in as many 

as 10% of gouty patients end stage renal disease due to gouty nephropathy was 

considered the cause of death (261-264). 

The pathologic diagnosis of gouty nephropathy includes only one specific 

histologic finding and many nonspecific findings that are seen frequently in 

renal disease of other etiologies--hypertension, pyelonephritis, interstitial 

nephritis, diabetes. The specific histologic finding is the presence of 

monosQdium urate crystals in the renal interstitium- -most ly in the medulla and 

with or without a surrounding inflammatory reaction containing multinucleated 

grant cells. To observe these crystals tissue must be fixed in non-aquaeous 

media such as alcohol. Because of their usual medullary location these tophi, 

either micro or macro, are rarely found on renal biopsy (264 -266) . However, 

autopsy studies of gouty patients, esp ecia lly those with moderate to severe 

clinical gout, show crystal deposit s in the majority of patients (263,267) . 

The fact that these crystals are indeed urate and not uric acid have b een 

verified by x-ray diffraction analysis (268). 

Although the specific sequence of events leading to urate deposition is 

not known, figure 28 is a summary of current postulates. Uric acid precipi

tates in concentrated acid urine are thought to produce tubular wall damage 

and result in dissolution of the uric acid upon exposure to more alkaline 

interstitial fluid. There is subsequent reprecipitation as urate salt. It is 

also possible that urate reaches the interstitium from the vascular compart

ment. 
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There are a host of additional histologic changes found in the kidneys of 

patients with gout (262-266,268). These include nephrosclerosis, chronic 

interstitial inflammation, ischemic changes (atrophy), and scarring . These 

findings are no different from those seen in hypertension (the incidence of 

which is up to 40% in gout (270)), diabetes, pyelonephritis, and analgesic 

abuse. 

More recent studies have also found a significant incidence of rena l 

disease in patients with gout. In a long- term follow - up of 1, 700 patients 

with gout (271) 289 patients died over 25 years of follow- up. Nine percent of 

these deaths were due to renal insufficiency and azotemia was present at death 

in an additional 7%. In a review of 1,000 gouty patients in Spain (272) renal 
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failure was present in 16% but no comment on degree of renal failure or morta

lity were included. Although these reports do not document cause and effect, 

they confirm that azotemia and renal failure is as common in gouty patients 

now as it was several decades ago. 

In an effort to make a statement concerning the impact of gout on renal 

function a group of 149 patients with primary gout who had inulin and PAR 

clearances performed at least twice over a 2-22 yr period were analyzed (272). 

Patients were retrospectively divided into 3 groups: I. 84 patients with 

uncomplicated gout at the time of both clearance studies: II. 27 patients 

with uncomplicated gout at the time of the first clearance study but who had 

developed at least one associated disease, including persistent hypertension, 

arteriosclerotic cardiac disease and arteriosclerotic cerebrovascular disease: 

III. 38 patients with impaired renal function at the time of the first clear 

ance study. The etiologies of renal disease in group III were multiple, in

cluding intrinsic renal disease, hypertension, recurrent urinary tract in

fections, stone disease and diabetes. Patients in group I had no significant 

decline in renal function between the two clearance studies performed a mean 

of 8.6 years apart. Group II patients had the greatest decline in renal 

function (Table 21) between the two per-iods. Group III patients also had a 

small but significant decrease in renal function. The decline in renal func

tion seen in these patients correlated best with the development of an as

sociated disease, next best with the patients age and least of all with the 

duration of gout. A more recent study of 51 patients with gout who were not 

treated with allopurinol or uricosuric agents tends to confirm this obser

vation (273). 
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Table 21 

PRIMARY GOUT AND RENAL DISEASE* 

AGE 

Duration of ~ 49 yrs ~ 50 yrs 
Gout C1rs) C inulin C inulin 

1st 2nd 1st 2nd 
I 1-9 122 121 109 99 

>10 120 115 98 92 

II 1-9 122 104 109 71 
>10 119 91 112 85 

III 1-9 89 70 83 80 
>10 57 54 70 63 

It * From Yu et.al. (272) 

If the development of clinically significant renal disease in gout is 

rare and most often associated with the development of other diseases that are 

most likely responsible for the decline in renal function (hypertension and 

vascular disease), what is the risk of renal disease in non-gouty hyperuri-

cemic patients? Probably the best data available to address this question 

comes from a retrospective study of a hyperuricemic group of patients followed 

at the Kaiser-Permanente Medical Center (274). In this study hyperuricemia 

was defined as a serum urate , 8 . 0 mg% in males and ,6.8 mg% in females (using 

a colorimetric phosphotungstic acid method). Azotemia was defined as a serum 

creatinine greater than 1.6 mg% in males and 1.3 mg% in females. 113 patients 

with hyperuricemia on two or more determinations and with no history of gout, 

hypertension, renal disease, diabetes, or diuretic therapy were compared to 

well matched controls. Mean follow-up of patients was 94 mo and of controls 

was 106 mo. Table 22 summarizes the major findings. At no stage of follow-up 

did patients have a greater incidence or degree of rise in serum creatinine 



Table 22 
INCIDENCE OF INCREASED SERUM CREATININE IN 

ASYMPTOMATIC HYPERURICEMIA* 

0-49 mo. follow-up 
P<!tients 
Controls 

50-99 mo. follow-up 
Patients 
Controls 

> 100 mo. follow-up 
Patients 
Controls 

* From Fessel (274) 

Any Positive 
Difference 

Difference 
> 0.3 mg% 

% of subjects 

70 
69.6 

44.2 
61.4 

57.9 
57.3 

15 
10.9 

11.5 
22.7 

10.5 
19.4 
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than controls. Two patients developed "azotemia"-- one man had a creatinine 

of 1.7 mg% and one woman had a creatinine of 1.3 mg%. Four controls developed 

"azotemia"--one man with a creatinine of 1.6 mg% and three women with creati -

nines of 1.3, 1.4, and 1.5 mg%. 

In a computer analysis of matched pairs of asymptomatic hyperuricemic 

patients and controls (301 matched pairs) utilizing azotemia as an outcome 

diagnosis, the predicted serum creatinine level after 40 years of uncontrolled 

hyperuricemia was generated. The influence of diabetes, hypertension and 

arterosclerosis was corrected for by a multiple regression model. The pro-

jected eff,ect of hyperuricemia on renal function is listed in table 2. This 

admittedly indirect retrospective approach predicts that sustained hyper-

uricemia does not produce clinically significant deterioration of renal func-

tion, a finding in agreement with a slightly earlier study (275). From the 

results of this analysis, it was suggested that asymptomatic hyperuricemia not 
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be treated in males unless urate levels exceed 13 mg% and in females unless 

urate levels exceed 10 mg%. While currently not uniformly adopted, this 

conservative approach is catching on (276). 

Table 23 
PROJECTED RENAL OUTCOME OF 40 YEARS SUSTAINED HYPERURICEMIA* 

Assume sustained hyperuricemia begins at 
age 20-29 with creatinine at 1.2 mg% 

in men and 0.9 mg% in women 

SERUM URATE mg% CREATININE mg% at 
3 SD above normal age 60 - 69 

MEN 9.3 1.8 
WOMEN 7.1 1.4 

6 SD Above normal 
MEN 12.9 2 . 7 
WOMEN 10.1 2.0 

* From Fessel (274) 

C. Uric Acid Lithiasis. 

Uric acid stones make up approximately 5-10% of all stones formed in the 

U.S. There is some geographic heterogeneity within the U.S. and even more 

among various countries. Table 24 from reference 277 summarizes data on 

prevalence of uric acid stones. (refer to 277 for individual references). 

It is well appreciated that the risk of uric acid precipitat ion in urine 

is related to three major factors: urine pH, the amount of uric acid excreted 

daily, and the urine volume. Utili zing these three factors in a pathophysio-

logic framework, one can classify uric acid stone disorders. Such a classifi-

cation is listed in table 25. 



Table 24 
GEOGRAPHIC DISTRIBUTION OF URIC ACID STONE PREVALENCE;'<· 

Location 

Australia 
Great Britain, 
N. Ireland 
Sweden 
Denmark 
Czechoslovakia 
Spain 
Germany 
France 
Israel 

U.S.A. 
Winston-Salem 
Durham 
Pensacola 
Houston 
Boston 
Chicago 
Various Areas 
Various Areas 

Total No. of Stones 
or patients 

196 

856 
100 
111 

1200 
94 

179 
544 

500 
287 
772 

2500 
207 
300 

10,000 
24,000 

* From Yu, T-F (277) 

% of Stones 
uric acid 

5.6 

6.6 
5 
6 
14.8 
17 
12.8 
23 
39.5 

3.4 
1.8 
4.3 
3 . 6 
9.7 

17 
9.4 
8 

-63-
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Table 25 

PATHOPHYSIOLOGIC CLASSIFICATION OF URIC ACID STONES 

Disorder 

I. Idiopathic 
Sporadic 
Familial 

II. Hyperuricemia with 
Hyperuricosuria 
Primary gout (overproducers) 
Enzyme disorder(overproducers) 
Misc. overproducers 

myeloproliferative 
hemolytic anemia 
neoplasia 

Uricosuric drugs 
III. Hyperuricosuria without 

Hyperuricemia 
drugs 
defects in tubular 
transport (Fanconiete) 
purine overindulgence 

IV Fluid disorders 
G. I. 

ileostomy 
diarrhea 
ulcreative colitis 
regional enteritis 

Dehydration 

Urine 24 hr urine 
pH NH

3 
Uric acid excretion 

L= Low, N= Normal, I= Increased 

L L N 
L L N 

L L I 
N N I 

N N I 
N N I 
N N I 
N N I 

N N I 
N N I 

N N I 

L N N 
L N N 
L N N 
L N N 
L N N 

Urine 
volume 

N 
N 

N 
N 

N 
N 
N 
N 

N 
N 

N 

L 
L 
L 
L 
L 
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A relatively uncommon cause of uric acid stones is a well described 

disorder that occurs in both sporadic and familial (autosomal dominant) forms 

(278-283). The familial form appears to be more common among Jews and 

Italians. Just as is the case with some primary gout patients, idiopathic 

uric acid stone + formers tend to have acid urine pH, l ow NH4 excretion, and 

absence of a post-prandial alkaline tide. These patients have neither hyper -

uri cemia nor hyperuri:::osuria and may have a severe clinical course with recur -

rent urinary tract infections and lo s s of renal function. 

About 10-20% of patients with gout will develop uric acid stones (284, 

285). In about 40% of the patients stones precede the first episode of arti -

cular gout (285) and thus up to the time that these patients present with a 

stone they are considered asymptomatic hyperuricemics . The incidence of uri c 

acid stones in gout is related to both the level of serum urate and the uri -

nary uric acid excretion rate. Table 26 from reference 285 summarizes the s e 

relationships. 

Table 26 

RELATION OF SERUM URATE AND URINARY URIC ACID EXCRETION 
TO PREVALENCE OF NEPHROLITHIAS IN PRIMARY GOUT''' 

Serum 
Urate mg% 

5.1 - 7 . 0 
7.1 - 9 . 0 
9.1 - 11.0 

11.1-13.0 
13.1-16.0 

% Patients 
with stones 

Urinary excretion 
mg/day 

---- --·-------

20 
27 
37 
46 
50 

<400 
400 - 599 
600 - 799 
800 - 999 

1000 - 1600 
II 

-k From Yu, T- F 
...--=:-----::-:'C!__--:::-:=:---;-:--:::-:::-;:----------------- -=-=---:--

(285). Includes data from 50 hyperur i cemi cs 

% of Patients 
with stones 

24 
24 
32 
31 
49 

without gout . 
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As 1nentioned earlier, patients with gout tend to exhibit lower mean 

urinary pH and NH~ excretion rates (136-140). This may be especially true in 

gouty stone formers. In a study measuring early morning urinary pH after an 

overnight fast, gouty patients with stones were compared to gouty patients 

without stones and normals (285). The data are listed on Table 27. A greater 

+ percentage of stone formers had urine pH below 5.0. When urinary NH4 excre-

tion in gouty stone formers was compared to that of normals a signficant 

decrease was seen in the stone formers (285) table 28. 

Table 27 
URINE pH IN URIC ACID NEPHROLITHIASIS''' 

Urine pH 

4.8-5.0 
5.1-5.3 
5.4-5.6 
5.7-5.9 

>5.9 

10 
with 

II 

% of 
Gout 
stones 

47 
29 
17 
6 
1 

* From Yu, T-F (285) 

Subjects 
10 Gout 

without stones 

28 
37 
26 

6 
4 

Table 28 

Normals ----

15 
34 
25 
13 
13 

NH
4 
+ EXCRETION-GOUT WITH STONES VERSUS NORMALS''' 

AGE (yrs) Urinary NH4 pEq/min 

< 40 Normals 32.5 
Stone formers 26.8 

41-60 Normals 35.2 
Stone formers 26.7 

II * From Yu, T-F (277) 
II 

Although the data from Yu and Gutman (285) and others (279-284) support 

the notion that both gout with uric acid nephrolithiasis and idiopathic uric 
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acid nephrolithiasis are associated with a defect in renal ammonium excretion 

and that no doubt a propensity towards more acid urine provides a background 

for uric acid precipitation, the situation is by no means clear. First, some 
II 

have felt that the data from Yu and Gutman could be explained by decreased 

ammonium excretion associated with clinically undetected renal disease and the 

natural tendency to excrete less ammonia with aging (286,287). These workers 

have been unable to detect a decrease in urinary ammonium excretions in gouty 

patients if ammonium excretion was factored for glomerular filtration rate 

(they did, however, still find a tendency toward a more acid urine). Second, 

while some workers have noted a reciprocal relationship between urinary ammo-

nium and uric acid excretion (139), others have failed to do so (288). Third, 

while some gouty patients have been shown to handle an acid load by preferen-

tial excretion of titratable acid (when urinary buffer capacity is adequate) 

as opposed to ammonium (289) the tubular mechanism for such an event is to-

tally unexplained. 

It is probably safe to say: 1) Some gouty patients as well as patients 

with idiopathic uric acid nephrolithiasis have decreased ammonium excretion 

even in the presence of a normal glomerular filtration rate; 2) This decreased 

ammonium excretion is associated with a reciprocal increase in urinary titra-

table acid so that no systemic acid base disorder occurs; 3) The ammonium 

excretion increases with acid loading but appears to be sluggish; 4) The 

sluggishness of this ammonium excretion as well as the tendency to lower 

urinary pH can be brought out by low phosphate diets--presumably by limiting 

substrate for titratable acid formation; 5) The reduction in urinary am-

monium excretion may not have the same etiology as the increased purine pro-
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II 

duction seen in some gouty patients (The Gutman, Yu hypothesis of increased 

purine biosynthesis from NH
3 

production); 6) The specific mechanism for 

decreased ammonium excretion in these disorders is still unknown. 

Hyperuricemia and hyperuricosuria are common in polycythemia, myeloid 

metaplasia and in certain leukemias. It is no surprise that the incidence of 

uric acid nephrolithiasis is two fold higher in the secondary gout produced by 

these disorders when compared to primary gout where hyperuricemia is much less 

commonly associated with hyperuricosuria (290). It is also not surprising 

that the inborn errors of metabolism associated with the greatest overproduc-

tion and excretion of uric acid produce the most fulminant form of uric acid 

lithiasis (32,291-294). 

Certain gastrointestinal disorders are associated with a high incidence 

of uric acid lithiasis. The three most common conditions are ulcerative 

colitis, regional enteritis, and the presence of an ileostomy (295-298). The 

pathogenesis of uric acid stones in these disorders is related to variable 

degrees of dehydration resulting in concentrated urine intestinal alkali and 

potassium loss stimulating renal acidification, sodium depletion stimulating 

renal acidification (295-298). Hyperoxaluria in some patients with regional 

enteritis or ileal resection may contribute to mixed uric acid-calcium oxalate 

stones (299). 

Virtually all the disorders producing uric acid stones are associated 

with recurrent stone formation. This fact has played a significant role in 

the formulation of a treatment approach. The basic therapeutic approach is to 
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alkalinize the urine by keeping pH >6 with oral alkali (sodium bicarbonate, 

sodium citrate, potassium citrate) and, if necessary, a dose of acetazolamide 

250 mg at bedtime to keep nocturnal pH up. Urine volume should be maintained 

at ~ 2 liters per day. A dietary history should be taken so that flagrant 

purine overindulgence can be curtailed. Allopurinol is reserved for patients 

with ~ 1 gm/24 hr uric acid excretion or patients who have not responded to 

volume and alklinization. It is pertinent to point out that we have noted a 

complication of calcium stones in uric acid stone formers given sodium citrate 

(300). This may be related to increased saturation of calcium oxalate (be-

cause of the sodium load induced increase in calciuria) and sodium urate. 

Potassium citrate prevented both of these physicochemical changes and pre

vented further calcium stones. Potassium citrate may be the preferred alka

linizing agent in these patients. 

D. ~yperuricosuric Calcium Urolithiasis. 

Early investigators noted a significant association between calcium 

urolithiasis and uric acid disorders (301,302) and pointed to the observation 

that crystallographic studies of uric acid and calcium oxalate crystals (303, 

304) might predict that the two could grow on one another or function for one 

another as seed nuclei. It. was proposed that patients with uric acid dis-

orders made up a discrete subgroup of calcium urolithiasis (305). Since then 

there has been a significant increase in our understanding of the physico

chemical aspects of stone formation and with this, a clearer understanding of 

the relationship het\-Jeen uric acid and calcium stones. The major investi-
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gators in this field have been Pak and his colleagues (306-311) and Coe and 

his colleagues (312-320). 

The pertinent physicochemical features of stone formation, as reviewed 

recently (321) are presented in figure 29. 

PHYSICAL CHEMICAL REVIEW OF STONE FORMAT/ON 

A 
1- t u 
::::::) 
0 Nuc leation Depressed By 0 

l 0:: Crysta l Promoters 
a.. - . 
>- ----- Formation Product-------------
1-

t 
( FPR) Raised st -> Crystal Inhibitors -

Supersaturated 

1- Metastab le Region 

Saturated 

u 
l <( 

~ Solub ili ty Product z l - (APR =1) (/) 
<( 
w Crystals Cannot Form 
0:: Undersaturated 
u l z -

FIG URE 29 
Briefly, (see 322 for detailed discussion) urine is undersaturated h' ith reG-

pect to potential stone constituents when their activity product is below 

saturation. When their activity product is at the saturation level the urine 

is considered saturated with respect to those constituents. The state of 

saturation of ur ine with respect to these constituents can be estimated from 

the activity product ratio (APR) which is calculated by determining the acti-

vities of the constituents before and after adding crystals of these same 

constituents to the urine and allowing the urine to equilibrate. The ratio of 
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initial activity product to activity product after equilibrium is the APR. A 

value less than 1 implies urine was undersaturated while a value greater than 

1 implies urine was supersaturated. Crystals cannot form or grow when APR is 

<1. Above saturation (or APR >1) the urine is supersaturated . Finally, an 

activity product is reached when spontaneous nucleation occurs. This activity 

product is called the formation product. The formation product ratio (FPR), 

an index of how many fold the urine must be saturated above the activity 

product at saturation with respect to the potential stone constituents , i s 

determined by finding the minimum final activity product of the constituents 

that will promote spontaneous crystallization. This is accomplished by adding 

the constituents to urine until crystal formation is observed and is calcu

lated by dividing this formation product by the activity product at satura -

tion. The urine is metastable when activity products are beth'een the solu-

bility product and the formation product. Note that the formation product can 

be increased or decreased by crystal inhibitors or crystal promoters . Several 

such substances have been identified in urine (310,323 - 325). 

The significance of hyperuricosuric calcium urolithiasis is underscored 

by a recent survey of 460 calcium oxalate stone formers where 11~ . 6% \vere found 

to have hyperuricosuria and 11 . 7% \¥ere found to have hyperuricosuria plus 

hypercalciuria (326). These patients tend to be normouricemic, consume exces 

sive purines in their diet, and have above normal uric acid clearances (327). 

There is speculation that the increased urate clearance is an adaptation to 

chronic increased loads- - an interesting phenomenon the mechanism of which is 

unclear (327). 
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Three general theories have been proposed to explain the co-operation of 

hyperuricosuria in calcium stone formation. These are schematically illu-

strated in figure 30 from reference 321. 

INFLUENCE OF URINARY URATE ON 
CALCIUM OXALATE CRYSTALLIZATION 

FIGURE 30 

6.0 or over) 

1) Heterogeneous nucleation with epitaxial growth of calcium oxalate on a 

nucleus of monosodium urate or ammonium urate (309). 2) Aggregation of 

calcium oxalate crystals due to a decrease in inhibitory activity produced by 

colloidal or crystalline monosodium urate (328). 3) Decreased formation 

product ratio for calcium oxalate (310). 

Therapy for this disorder is quite successful and should include reduc-

tion of purine overindulgence (if present) and allopurinol (310,312,313,316, 

320 '329). 
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IX. THERAPY OF URIC ACID URATE DISORDERS 

Since this discussion centers on the associations between the kidney and 

uric acid-urate disorders, the usage and pertinent pharmacology of medication 

for articular manifestations of uric acid and urate disorders will not be 

discussed. With respect to renal associated disorders, a brief discussion of 

hypouricemic therapy is warra.nted . 

Allopurinol, a specific xanthine oxidase inhibitor, is indicated for 

those situations outlined in Table 29 . The goal with therapy is to decrease 

serum urate to less than 6 mg% and to lower urinary uric acid excretion to 

normal levels (if it is elevated). 

Table 29 

INDICATIONS FOR HYPOURICEMIC THERAPY WITH ALLOPURINOL 

1. All patients with urinary uric acid excretion greater than 
1 gm/ 24 hrs . 

2. All patients with recurrent uric acid calculi that do not 
fall into above category and who do not respond to alkali 
and fluid therapy. 

3. Patients with hyperuricosuric calcium urolithiasis who do 
not have purine overindulgence. 

4. Allergy to uricosurics or ineffectiveness of uricosurics. 
5. Prior to cytotoxic therapy . 
6. Tophaceous gout. 
7. Gout with renal insufficiency. 

Allopurinol is both a substrate for and an inhibitor of xanthine oxidase 

(330). As a substrate it is metabolized to oxipurinol which complexes with 

xanthine oxidase even more thightly than does allopurinol. In addition, while 

allopurinol has a plasma half-life of 0.5-1 hr, oxipurinol has a plasma ha lf-
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life of 18-30 hr (331,332). Allopurinol's short half-life is due to conver

sion to oxipurinol and to renal clearance (equivalent to creatinine clear

ance). Oxipurinol's plasma half-life is prolonged due to the fact that it has 

a renal clearance of about 15cc/min (in normals) and undergoes tubular reab

sorption that is inhibitable by uricosuric agents (probenecid) (332). There

fore, uricosuric agents decrease plasma levels of oxipurinol . Even though 

oxipurinol is a better inhibitor of xanthine oxidase than is allopurinol, the 

rapid complete G.I. absorption of the latter and the poor incomplete absorp

tion of the former make allopurinol the preferred oral agent (332) . It should 

be noted that high doses of allopurinol result in such complete inhibition of 

the enzyme that its (allopurinol) further conversion to oxipurinol is inhibi

ted (331). Plasma levels of allopurinol will then increase. Both allopurinol 

and oxipurinol are well dialyzed so that it is recommended to give one 300 mg 

dose of allopurinol after each dialysis in patients with end-stage renal 

disease (333) . In end-stage renal failure without dialysis, adequate plasma 

levels of oxipurinol as well as adequate control of serum urate is achieved 

with a dose of 100-200 mg/day if creatinine clearance is between 10-20 cc/min 

and 100 mg/day if clearance is less than 10 cc/min (334) . 

With respect to uricosuric agents, there are two clinically useful agents 

(probenecid, and sulfinpyrazone) now avai l able in the U.S . with a third agent 

recently withdrawn (tienilic acid) and a fourth under clinical trial (benzbro

marone). As mentioned earlier, these agents may well owe their usefulness to 

competitive inhibition of urate binding to a proximal tubule brush border 

site. All of thes e substances are highly protein bound and require tubular 

secretion to reach their putative site of action. 
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Uricosuric agents should be used in uric acid urate disorders where 

treatment is indicated and allopurinol is not the drug of choice (see table 

29). The main category is thus recurrent gout with normal 24 hr urinary uric 

acid excretion. Because of the increased renal load of urate adequate hy-

dration and urine alkalinization should be attempted in all patients receiving 

these agents. Since the major indication for these drugs is in patients with 

an expanded urate pool due to a defect in renal clearance and not urate over

population, after a finite period of time (weeks to months depending on the 

size of the urate pool) urinary urate excretion will decrease and equal pro

duction. The need for alkalinization and large urine volumes is then less 

critical. For a detailed discussion of the clinical pharmacology of these 

drugs please refer to reference 335. 

Finally, a proposed evaluation and treatment plan based on patient pre 

sentation is outlined on table 30 . This table is meant to be a rough guide

line to the approach to uric acid urate disorders. Several points should be 

made. First, since this discussion has not addressed the clinical aspects of 

gout, no mention is made of the treatment of the articular manifestations of 

this disorder. Second, in all those circumstances where a uricosuric agent is 

recommended, if glomerular filtration rate is less than 50 ml/min allopurinol 

should be substituted. Third, in all circumstances high purine foods should 

be avoided . . Fourth, the therapeutic approach to hyperuricosuric calcium 

urolithiasis is not included . Therapy of this disorder includes avoidance of 

purine overindulgence and administration of allopurinol . Finally, in patients 

with gout, serum urate < 13 mg% in mal~s and < lOmg% in females, and 24 hr 

urine uric acid < 1 gm the decision to treat is based on the severity and 
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frequency of the gout. More than 1 gouty episode per year is a fair reason to 

institute uricosuric therapy in these patients. 

Table 30 

EVALUATION AND TREATMENT PLAN FOR URIC ACID URATE DISORDERS 

URIC ACID STONE HYPERURICEMIA GOUT 

R/0 2° GOUT OR HYPERURICEMIA + + + 

24 HR URINE URIC ACID 

> 1 gm 

allopurinol + + + 

alkalinize urine + + + 

R/0 enzyme defe ct + + + 

24 HR URINE URIC ACID 

< 1 gm 

Serum urate > 13 mg% males 
or > 10 mg % females 

allopurinol + ± ± 

alkalinize urine + + + 

uricosuric + + 

Se r um urate < 13 mg% males 
or < 10 mg% females 

observe + ± 

allopurinol ± 

alkalinize urine + ± 

uricosuric ± 
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