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ABSTRACT 

This work is a quantitative description of the renal excretion 

and the post-renal modification of ureteral urine from native 

(unanesthetized, uninfused, and normal hydropenic) desert quail, 

Lophortyx gambelii. The technique used in this study establishes the 

glomerular filtration rate (GFR), urine flow rate, and urinary excretion 

of water, sodium, potassium, and uric acid for desert quail in a 

relatively undisturbed state and in steady-state balance with regard to 

intake and output of water, sodium, and potassium. 

In contrast, conventional methods of determining GFR in birds 

include the use of anesthesia, cloacal or ureteral canulation, and 

infusion of fluids to introduce filtration markers (e.g. inulin) and to 

cause a diuresis (e.g. by using mannitol). In the present study, native 

desert quail had a urine flow rate of about 40 g/kg.day compared to over 

500 g/kg.day for desert quail previously studied using conventional 

methods. Also in the present study, GFR was about 1.6 ml/kg.min which 

is about 25% lower than previously reported (2.1 ml/kg.min) for desert 

quail studied with conventional techniques. 

Renal absorption of the filtered loads of water, sodium and 

potassium also was determined in the present study. The fractions of 

the filtered loads reabsorbed by the renal tubules were: for water 98%, 

for sodium 99.4%, and for potassium 42%. These findings illustrate that 



renal reabsorption of these filtered substances is less complete in 

birds than in mammals where, in man for example, about 99% of the water 

and 99.8% of the sodium are normally reabsorbed. 

In addition, this study evaluates the role of the cloaca and 

lower intestines in changing the composition of the ureteral urine. 

Ureteral urine is modified in the cloaca and lower intestines of the 

desert quail before being excreted with the final droppings. This 

modification results in reabsorption of about 70% of the water and 

sodium and about 80% of the potassiinn in the ureteral urine. Thus for 

the desert quail, post-renal reabsorption of water and sodium from 

ureteral urine produced by the kidneys increases the total amounts of 

the filtered loads reabsorbed to 99% for water and 99.7% for sodium, 

which are nearly the same as seen for man. It is concluded that 

post-renal reabsorption of water and sodium is an important aspect of 

fluid and electrolyte balance in native desert quail. 

About 65% of the uric acid present in the ureteral urine was 

found to be degraded during its passage into the lower intestines. This 

is particularly significant because trapping of sodium and potassium 

occurs within the uric acid precipitates which form in bird urine. It 

was determined that about 20% of the sodium and 33% of the potassium in 

the ureteral urine are trapped within uric acid precipitates. 

Degradation of uric acid may increase the reabsorbable pools of these 

cations and facilitate their reabsorption by the tissues of the lower 

intestines. 

Since the intestinal ceca of birds contain large populations of 

uric acid-deconqjosing bacteria, and because other studies have suggested 
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large amounts of water are reabsorbed in the ceca of birds, the role of 

the ceca in post-renal modification of urine was evaluated. The results 

are not conclusive. Cecaectomized (Cx) birds showed only a transitory 

increase in water loss when compared to sham operated (Sh) birds. No 

difference in uric acid excretion was seen between Cx or Sh birds. 

Thus, no obligatory role for the ceca in post-renal reabsorption of 

water and electrolytes, or in degradation of uric acid, was evident. 



CHAPTER 1 

INTRODUCTION TO THE PROBLEM 

In several vertebrate classes the composition of urine formed by 

the kidney is modified before excretion. This occurs in the bladder of 

amphibians (Bentley 1966), in the cloaca and intestines of reptiles 

(Dantzler and Schmidt-Nielsen 1966), and in the hindgut (cloaca, colon, 

and ceca) of birds. The suggestion that ureteral urine is modified in 

the hindgut of birds probably originated with Wiener (1902). Since then 

many studies have attempted to describe the nature and importance of 

this process in birds. That ureteral urine normally moves retrograde in 

birds from the cloaca into the colon and ceca (Koike and McFarland 1966) 

and that salts and water can be reabsorbed from the hindgut (Skadhauge 

1967) are findings well documented. There is, however, disagreement as 

to the extent to which ureteral urine actually is modified in birds and 

what importance this may have to salt and water homeostasis. 

Many workers held that absorption of water from the cloaca or 

rectum was essential to avian water economy (Wiener 1902; Sharpe 1912; 

Mayrs 1924; Korr 1938 and 1939; and Dicker and Haslam 1972) while others 

claimed little or no water was reabsorbed by the hindgut (Hester et al. 

1940; Hart and Essex 1942; and Dixon 1958). Hart and Essex (1942) 

suggested salt reabsorption (not water) was of primary importance but 

others denied this (Sharpe 1923; Nechay and Lutherer 1968). 

1 
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These studies are difficult to compare because of the lack of 

uniformity in the methods employed and because some important 

considerations were overlooked or simply not mentioned. Few of the 

studies attended to all or even to the same considerations now believed 

necessary to investigate properly the role of the avian hindgut in 

modification of ureteral urine. They did, however, contribute some of 

the information on which these considerations are based. The major 

points that need be considered are listed below. 

Major Considerations 

The water or salt reabsorbed by the hindgut can be determined by 

measuring the amounts in the urine entering the hindgut and the amounts 

in the feces within the large intestines, and subtracting from these the 

amounts normally excreted. This can be done if the following 

experimental conditions are satisfied. 

1) Experiments must be done on a long-term basis. 

Acute experiments can lead to errors because: 1) the 

quantity and content of urine excreted by the kidneys may 

vary considerably throughout the day but be reasonably 

constant over a period of days (Stanbury and Tliomson 1951 and 

Ward et al. 197Sb); 2) anesthesia, cloacal canulation, and 

other operative procedures cause a transient diuresis and 

reduced intake of food and water (Sturkie and Joiner 1959a 

and b); 3) irregular peristalic activity of the intestines 

causes variations in the amount of urine and feces voided at 

any given time (Fenna and Boag 1974a). 
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2) Steady-state conditions must exist (Intakes of water and 

salt should equal losses during the experimental period). 

Estimates of the contribution of the hindgut to 

water and salt homeostasis can be in error if the bird is 

experiencing a deficit in either intake or output of water and 

salt. This is determined as follows: 

Salt Intake = amount eaten 

Salt Output = amount voided (for birds without 
nasal salt glands) 

Water Intake = amount drunk + amount ingested 
with food + amount produced metabolically from 
food 

Water Output =» amount voided + amount 
evaporated through respiration and from body 
surfaces 

3) Ureteral urine (liquid and solid fractions) must be 

analyzed for total uric acid, salts, and water contents. 

This last consideration is the most important and most 

often overlooked. Recent reports indicate cations, mainly 

sodium and potassium, are trapped within urate precipitates in 

ureteral urine (McNabb 1974 and Braun 1978). Analysis of only 

the liquid part of avian urine may result in a significant 

underestimation of the sodium and potassium contents of whole 

urine entering the hindgut. Furthermore, significant 

populations of uric acid-decomposing bacteria are found in 

avian ceca (Barnes and Impey 1974), which may facilitate 

degradation of urates. This bacterial breakdown, along with 



other chemical changes which might occur to urate precipitates 

which enter the hindgut (Young et al. 1933 and Folk 1969b), 

may release the trapped cations for reabsorption. The 

possibility that modification of urine in the hindgut includes 

the release and reabsorption of cations trapped within urate 

precipitates is of greatest interest in the present study. 

Statement of the Hypothesis 

Urine formed by the avian kidney contains cations trapped within 

urate precipitates. The direct excretion of these precipitates and 

associated ions would place birds in a negative cation balance, 

especially with regard to sodium. However, as urine refluxes into the 

hindgut, uric acid precipitates are degraded by uric acid-decomposing 

bacteria, or are in some other way altered, causing release of the 

trapped cations into solution to be reabsorbed by the tissues of the 

hindgut. 



CHAPTER 2 

REVIEW OF THE LITERATURE 

Studies of kidney function in birds first focused on uric acid, 

which is the niajor end product of nitrogen metabolism in birds and is 

excreted in large amounts in the urine. It is therefore appropriate to 

begin with a discussion of uric acid. 

Adaptive Significance of Uric Acid Excretion 

Uric acid is derived from the metabolism of purines. The 

various methyl derivatives of the purines adenine and guanine are the 

major constituents of nucleic acids, especially of transfer ribonucleic 

acids (t-RNAs). When catabolized, nucleic acids are broken down through 

a sequence of steps first to xanthine then to uric acid. For reviews on 

nitrogen metabolism and a description of the biochemical pathways see 

Campbell (1970) and Campbell and Goldstein (1972). The chemistry of 

uric acid has been discussed by Wyngaarden (1976). 

In many animals, uric acid is converted further to allantoin or 

one of its principal degradative products, allantoic acid, urea, or 

ammonia. However, in birds, most reptiles, higher apes and man, uric 

acid is the end product of purine catabolism. The principle reason for 

this is that these animals lack the enzyme uricase which converts uric 

acid to allantoin. 

5 
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Excretion of waste nitrogen as uric acid has been considered an 

adaptive advantage in water economy for birds and reptiles and, for 

different considerations, both an advantage and a disadvantage for the 

primates, especially man. The proposed advantage to the primates is 

based on the assumption that, because uric acid resembles xanthine and 

its methyl derivatives, it shares with caffeine the properties of 

stimulating the higher centers of the brain (Orowan 1955; also see 

review by Keilin 1959). Orowan suggested the higher plasma uric acid 

concentrations among primates contributed to their increased mental 

development. The disadvantage relates to the problem of hyperuricemia 

(high blood uric acid levels) which can be clinically manifested in man 

as gout. A high correlation exists between the condition of 

hyperuricemia and the presence of gouty arthritis, a painful 

inflannation of the joints caused by deposition of crystals of uric 

acid. The precise nature of this disease, however, is as yet 

undetermined (see review by Wyngaarden 1976). In birds and reptiles 

relative hyperuricemia is normal but the problems of gout are minimal. 

The reasons for this are not known. In addition to catabolizing purines 

to uric acid, birds and reptiles also excrete the majority of their 

non-purine nitrogen as uric acid (uricotelism). Non-purine nitrogen 

wastes are metabolized via purine synthesis pathways and then 

catabolized and excreted as uric acid (see Boorman and Lewis 1971). 

Uric acid has been considered to confer an adaptive advantage to 

those animals in which it is an end product of nitrogen metabolism. 

Among birds and other terrestrial animals, the uricotelic habit has been 

considered a particularly successful adaption to water conservation. 
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One of the reasons for this assumption is that urates have low 

solubilitites in aqueous systems (from about 6.3 mg% for uric acid to 

120 mg% for monosodium urate; Wyngaarden 1976) and ideally can be 

excreted with little water. Aqueous solutions having the sodium content 

of plasma (140 meq/1) are saturated with urate at 6.4 mg% at 37°C 

(based on a solubility product of 4.9 x 10 ^). The actual solubility 

in plasma, however, is greater than 6.4 mg%, normally ranging from 7 mg% 

in man (Seegmiller 1965) to near 10 mg% in birds (Mori and George 

1978). This is probably due to plasma binding of urates and to other 

unidentified factors which enhance urate solubilities (Alvsaker 1965). 

Because of this limited solubility, urates are excreted in bird urine 

largely in a precipitated form. Once out of solution, urates exert no 

osmotic pressure and very little water is needed for their excretion. 

For this reason, the occurence of urates as the primary excretory 

product of nitrogen metabolism has been considered important to life in 

an arid habitat and the need to conserve water. 

Needham (1931) suggested the difference between those higher 

vertebrates that excrete mainly urea (mammals and amphibians) and those 

that excrete mainly urates (reptiles and birds) is correlated primarily 

with the cleidoic (or shelled) egg as a mode of reproduction. In the 

cleidoic egg, embryonic development occurs in a closed, hard shell where 

only gases are exchanged with the external environment and all other 

excretory products remain within the shell. In the egg, the embryo has 

a limited water supply and large amounts of ammonia are too toxic to be 

tolerated. If nitrogen were metabolized to the less toxic urea, it 

would remain inside the egg and accumulate in solution. The osmotic 
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attraction of water to urea would reduce the water available to the 

embryo. Uric acid, on the other hand, readily precipitates from 

solution and thus is eliminated from the fluids bathing the embryo, 

leaving more water accessible to the embryo. Contrary to this 

prediction, there is evidence that in reptiles uricotelism is not common 

in embryonic development, even in species developing within hard-shelled 

eggs (Packard et al. 1977). Ammonia may be an important excretory 

product in embryos of some reptilian species, especially in early stages 

of development, but many reptilian species rely heavily upon urea as an 

end product in protein catabolism. The reasons for this are not 

understood. For birds, uricotelism does predominate during the 

development of the embryos and may provide for them some adaptive 

advantage in conserving water. It is interesting to note, however, that 

uricase has been found in the chick embryo during the first week of 

development, after which it disappears (Needham 1959). 

Among non-mammalian vertebrates, a positive correlation between 

the relative magnitude of urate excretion and the aridity of the 

environment can be seen (Dantzler 1978). Aquatic birds and reptiles 

generally excrete a larger proportion of their total excretory nitrogen 

as ammonia when compared to more terrestrial species. However, urates 

are still the main excretory product in most cases. 

The water saving advantages of urate excretion may be offset 

somewhat because uricotelic animals generally cannot produce a highly 

concentrated urine. For example, reptiles can not excrete urine which 

is hyperosmotic to plasma and birds have only a limited ability to do so 

when compared to mammals (Dantzler 1970). 
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Within the kidney, the possession of loops of Henle by nephrons 

and the relative length of these loops, correlate well with the ability 

to produce an increasingly hyperosmotic urine. The reptilian nephron 

lacks a loop of Henle and cannot produce a hyperosmotic urine. Nephrons 

in the bird kidney are of two types (Huber 1917). One type resembles 

the nephrons found in the kidneys of reptiles in that neither have loops 

of Henle. For this reason they are called reptilian-type nephrons. The 

second type of nephron in the avian kidney has loops of Henle, as do 

nephrons in mammalian kidneys, and for this reason are referred to as 

mammalian-type nephrons. The mammalian-type nephrons are thought to be 

responsible for the ability of birds to produce a hyperosmotic urine. 

The importance of the loops of Henle to the ability to produce a 

hyperosmotic urine was recognized by Marshall (1934) when he noted the 

correlation between concentrating ability, loops of Henle, and the 

excretion of urea. Parenthetically, Marshall emphasized the importance 

of comparative studies as a key to understanding some of the basic 

problems in renal function. 

Researchers believe that urea plays a key role in the 

concentrating mechanism of the mammalian kidney (see Gamble et al. 1934| 

Levinsky and Berliner 1959; Bray and Preston 1961; Stephenson 1972; and 

Kokko and Rector 1972). Although uric acid precipitates from urine and 

does not add to the urine osmolality, as a means of conserving water it 

may not be superior to urea which, although osmotically active, can be 

concentrated to a remarkable extent by the mammalian kidney. It seems 

that the greatest advantage toward saving water may be realized by those 
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animals which excrete urea, simply because it participates in the 

kidney's mechanism of concentrating the urine. 

Nitrogen Excretion in Birds 

It is recognized that uric acid is the principal nitrogen 

excretory product of protein metabolism in birds, and therefore the 

major nitrogenous constituent in the urine. Scheele (1779; cited by 

Shannon 1938) first isolated uric acid from human urinary calculi 

and later, Fourcroy and Vauquelin (1811) reported that large amounts 

of uric acid are present in bird excrement. Until the early 1900's, 

however, there were still misunderstandings concerning the presence 

of uric acid in avian excreta as evidenced by the statement of Steel 

(1922); 

Most people have noticed the white calcareous-looking 
deposit on the excreta of fowls. Popularly this is commonly 
supposed to consist of excess lime not requited for 
shell-making purposes. As a matter of fact it contains no 
lime, but consists almost entirely of minute crystalline 
spheroids of a mixture of ammonium urate and uric acid, 
constituting the urinary secretion of the fowl. 

More recent quantitative determinations of uric acid in the 

excreta of birds has, however, firmly established its importance. 

Distribution of Nitrogen in Avian Urine 

Urates are the principal nitrogen containing compounds excreted 

in the urine of birds (see Table 1). Milroy (1903) made estimates of 

total nitrogen, uric acid, and ammonia contents of urine from ducks and 

geese subjected to varying conditions. He found that uric acid-nitrogen 

comprised from 25 to 65% of the total nitrogen in the urine. Other 



Table 1. Approximate perceatages of total urinary nitrogen in the 
form of urates, anmonia, urea, or other for various birds. 

Species 
Reference (Common Name) 

von Mach (1887) 

Kionka + (1900) 

Milroy (1903) 

Sharpe (1912) 

Steel (1922) 

Davis (1927) 

Coulson 
& Hughes (1930) 

Edwards 
& Wilson (1954) 

O'Dell 
et al. (1960) 

Teekell 
et al. (1968) 

Stewart 
et al. (1969) 

Sykes (1971) 

Schutte (1973) 

McNabb 
& McNabb (1975) 

Percent of total urinary 
nitrogen appearing as; 

Urates Ammonia Urea Other 

15 — 

20 — — 

60 — 

5-10 — — 

17 10 8 

— 4-12 1-17 

— ~ 30 

10 5 3 

23 6 6 

29 2 — 

7 5 3 
23 3 16 

32 

11-21 2-11 — 

Goose 45-75 

Chicken 70 

Goose 
-normal diet 65 
-acid poisoned* 25 

Chicken 55-75 

Ostrich 88 

Chicken 68 

Chicken 54-77 

Chicken 60 

Chicken 81 

Chicken 60 

Duck 54 

Chicken 
-fed 84 
-starved 58 

Ostrich 66 

Chicken 55-72 

* Acid poisoning inhibits uric acid synthesis 
+ Referenced by Milroy, 1903 
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estimates average about 63% uric acid-nitrogen in avian urine 

(Schimanski 1879; Minkowski 1886; von Mach 1887; Kionka 1900; Kowalevsky 

and Salaskin 1902; Paton 1909; Szalagyi and Kriwuscha 1914; Robertson 

1914; Coulson and Hughes 1930; St. John and Johnson 1931; and Henry et 

al. 1934). Sharpe (1912) showed the usual percentage of urate nitrogen 

is about 55-75% in the chicken. In the ostrich, an average of 88% was 

urate nitrogen, 51% from uric acid itself (Steel 1922). Ammonia was 

found to make up the bulk of the non-urate nitrogen in avian urine, 

especially if urates comprised less than 50% of the total 

(Milroy 1903 and Sykes 1971). Urea nitrogen makes up only a small 

portion of the total. Pitts and Korr (1938) found urea concentrations 

from 0 to 1.7 mg% in chicken urine and determined that an average of 25% 

of the filtered urea is reabsorbed by the renal tubules. Davis (1927) 

characterized the distribution of nitrogen in the urine of the normal 

fowl as being on the average 63% from urates (range 59-70%), 17% from 

anmonia, 10% from urea, and 8% from creatinine or creatin. Other 

estimates generally agree with these values (see Table 1). 

Sjmthesis of Uric Acid 

Synthesis of uric acid in birds occurs mainly in the liver. 

This was first demonstrated by Minkowski (1886) who surgically removed 

the liver of a goose and found most of the uric acid disappeared from 

the urine. The small amount of uric acid remaining in the urine he 

thought originated from purines degraded to uric acid in the blood. 

Milroy (1901 and 1903) confirmed these findings by "acid poisoning" 

ducks and geese with hydrochloric and lactic acids given by stomach 
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tube. The acid poisoning inhibits uric acid synthesis by the liver. 

Urine excreted by these birds showed a dramatic decrease in uric acid 

content and a concomitant rise in ammonia content. Milroy's findings 

were corroborated in similar experiments by Kowalevsky and Salaskin 

(1902). Minkowski's pupil, von Mach (1887) demonstrated that small 

amounts of hypoxanthine infused into a hepatectomized goose are excreted 

as uric acid. This indicated that an extra-hepatic site for uric acid 

synthesis must exist. 

Recent studies show the extra-hepatic site for uric acid 

synthesis in birds is the kidney itself. Xanthine dehydrogenase, the 

enzyme which converts hypoxanthine to xanthine and xanthine, to uric 

acid, is found in the avian kidney (Al-Khalidi and Chaglassian 1965). 

Chicks fed a high protein diet showed an increase in synthesis and 

excretion of uric acid together with renal hj^pertrophy and exaggerated 

levels of xanthine dehydrogenase in both the liver and kidneys (Evans et 

al. 1971). 

The relative importance of the liver and kidneys in synthesis of 

uric acid in birds has been investigated. Chou (1972) measured 

oxypurine levels in kidney and liver homogenates of chickens and 

concluded that the kidneys synthesize a substantial amount of uric 

acid. In contrast, Martindale (1976) found in fasting hens that renal 

synthesis of uric acid adds very little to the total amount 

synthesized. Chin and Quebbemann (1978) corroborated both these 

studies showing at least 17% of the uric acid excreted in the urine is 

synthesized in the kidneys of nonfasted birds, but in fasted birds renal 

synthesis is reduced greatly. They reasoned that fasted birds have 
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reduced levels of circulating precursors thereby limiting the substrates 

for renal uric acid synthesis. When hypoxanthine was infused into 

fasted birds an enhanced renal uric acid synthesis was seen, thus 

substantiating their idea. Quebbemann (1973) showed 60% of the xanthine 

reaching the chicken kidney is converted by the kidney to uric acid. 

Thus, the kidneys contribute 15-20%, and the liver 80-85%, of the total 

uric acid synthesized by the nonfasted chicken. 

Renal Secretion of Uric Acid 

With the knowledge that uric acid is largely synthesized in the 

liver and then excreted by the kidneys, investigators began to look at 

the manner in which uric acid is excreted by the bird kidney. Mayrs 

(1924) convincingly demonstrated in the chicken that uric acid is 

secreted by the renal tubules. That is to say, in addition to being 

filtered into the urine at the glomerulus, uric acid is also transferred 

from the peritubular blood across the tubular epithelium into the renal 

tubules. Mayrs calculated the simultaneous sulphate, phosphate, 

creatin, creatinine, and uric acid U/P (urine/plasma) concentration 

ratios and found uric acid U/P concentration ratios were 5-6 times 

greater than those for sulphate, phosphate, creatin, or creatinine. In 

other words, there was a much greater increase in uric acid 

concentration than in the concentrations of other substances which 

passed from the plasma into the urine. This can only be explained by 

admitting tubular secretion of uric acid, or by postulating extensive 

reabsorption of the other substances. According to Mayrs, the secretion 

theory was much more reasonable. Gibbs (1929a) and Marshall (1932) 
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later confirmed the secretion of uric acid by the renal tubules of birds 

and reptiles, respectively. 

Except for Mayrs, the term secretion was often improperly used 

when referring to urine formation in birds. Sharpe (1912), Steel 

(1922), and Hester et al. (1940) quantitatively determined urine 

production and the amounts of various nitrogen constituents in chicken 

urine. Their use of the phrase "secretion of urine in birds" was 

inappropriate and generally was used to refer to the "excretion" of 

urine in birds. Robertson (1914) referred directly to the "secretion of 

uric acid" in a study relating the rate of urine flow to the amount of 

uric acid excreted. Here again, no evidence for the actual secretion of 

uric acid was presented and the term secretion was used to mean 

excretion. It must be mentioned, however, the concept that urine 

formation is largely a process of secretion was common among many 

physiologists before about 1940 (see review by Smith 1931). 

The amount of uric acid secreted by the avian kidney normally 

averages about 87 to 93% of the total amount excreted in the urine 

(Shannon 1938). The remainder is attributable to filtration. Certain 

drugs can reduce the normal uric acid secretion in the chicken, 

presumably by competition for transport sites (Berger et al. 1960). 

Drugs which decrease uric acid excretion in the chicken generally have 

the opposite effect in man, increasing uric acid excretion (Gibbs 1929b 

and Berger et al. 1960). Competition for transport sites probably 

affects both urate reabsorption and secretion in man and birds in much 

the same way. The difference results because in man much uric acid is 

filtered and its reabsorption normally predominates over its secretion; 



in birds secretion of uric acid normally far exceeds any reabsorption. 

Platts and Mudge (1961) showed chicken kidney slices can secrete uric 

acid to give tissue slice to medium ratios greater than two whereas in 

human kidney slices, a ratio of less than one is found. Thus, 

drug-related competitive inhibition of uric acid transport is of greater 

relative consequence for its tubular reabsorption in man (increasing 

excretion) and for its tubular secretion in birds (decreasing 

excretion). For a recent review of urate transport in the vertebrate 

nephron, see Weiner (1979). 

Renal Excretion of Urates 

The amount of uric acid in the urine of birds depends both on 

the need to excrete nitrogen and on the rate of urine production. Since 

urine production and uric acid synthesis rates do not necessarily 

parallel one another, urate concentrations in avian urine are quite 

variable (Table 2). However, some of this variability is attributable 

to the experimental methods used by those cited in Table 2. 

Anesthetized birds, and birds infused with fluids, have increased urine 

flow rates and consequently lower urate concentrations in the urine 

relative to nonanesthetized and noninfused birds. It is important to 

note that urate excretion rates vary less than do urine uric acid 

concentrations. The rates of urate synthesis and renal secretion of 

urate appear therefore to be more constant than the urine flow rate. 

Thus, urine concentrations of urates depend mainly on urine flow. Birds 

on high protein diets excrete increased amounts of urates and, when 

urine flow is low, urine concentrations of urates as high as 35 mg/ml 
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Table 2. Approximate uric acid concentrations and excretion rates in 
urine obtained from chickens under different conditions. 

Reference Conditions Uric acid 
content 
(mg/ml) 

Urine flow 
rate 

(ml/kg.day) 

Uric acid 
excretion 

rate 
(mg/kg.day) 

Sharpe (1912) Urethane/ether 
anesthesia 1.0-2.0 250- 500 375- 750 

Robertson (1914) I t  1.3-1.9 550-1800 1450-2150 

Mayrs (1924) I f  0.6-5.6 200-1200 175-1600 

Gibbs (1929) Noirmal 
hydropenic 5-22 150- 200 750- 900 

Shannon (1938) Constant 
infusion 2.9-5.2 500- 850 1700-3300 

Edwards 
& Wilson (1954) Hyperthermia 

105-110OF 2.5-3.1 _ _ ̂  ̂ 

Berger 
et al. (1960) Osmotic 

diuresis 0.7-6.8 85-950 400-2000 

McNabb 
et al. (1973) HP diet* 

LP diet 
9.8-15.6 
7.7-10.9 

McNabb 
& McNabb (1975) HP diet 

LP diet 
26-33 
9-37 

30 
15 

600- 900 
150- 300 

Ward 
et al. (1975) HP diet 

LP diet 
25-35 
12-17 

30 
15 

700-1000 
175- 250 

Chin 
& Quebbemann (1978) Low rate 

constant 
infusion 13-24 175- 400 1150-1600 

* High protein (HP) or Low protein (LP) 



18 

are seen (Ward et al. 1975a). Braun (1978) found that anesthetized 

starlings subjected to a mannitol diuresis had a urine flow of nearly 

0.2 ml/kg.min with uric acid concentrations in the urine of about 10 

mg/ml. These values fall within the range of values for the chicken. 

Methods of Analysis for Uric Acid 

The literature abounds with reports concerning methods and 

modifications of methods for the quantitative analysis of uric acid. 

Bonsnes et al. (1944) reported a bibliography of 280 titles dealing with 

quantitative determinations of uric acid in various body fluids. The 

earliest methods used were either volumetric or gravimetric. In 1912, 

Folin and Macallum introduced a colorimetric method which significantly 

improved the quantitative determination of uric acid in blood. This 

method was later improved by Folin and Denis (1913), Folin and Wu 

(1922), and modified for use with urine by Benedict and Frankie (1922). 

Subsequently, many colorimetric procedures have been described and, 

until the 1950's, predominated as the method of choice (see reviews by 

Peters and Van Slyke 1932 and Hawk et al. 1947). Blauch and Koch (1939) 

described a colorimetric method for uric acid determinations in blood 

which employed enzymatic treatment with uricase (uricase converts uric 

acid to allantoin). This same combined colorimetric and enzymatic 

method was later modified by Bulger and Johns (1941) and then applied to 

urine by Schaffer (1944) and Buchanan et al. (1945). Kalckar introduced 

a purely enzymatic uricase method in 1947 which was modified and 

extended by Dubbs et al. (1956) and is now widely used. 



In the case o£ avian excreta, methods for uric acid 

determinations were complicated by extraction procedures used to 

dissolve and isolate urates from other components of the urine and 

feces. Hopkins (1892) described a urate extraction procedure for avian 

excreta which was used by Woodman (1924) as part of a colorimetric 

analysis for uric acid. The extraction required the use of a highly 

alkaline LiOH solution which caused destruction of uric acid. Others 

modified and simplified Woodman's method changing the extraction 

procedures (Hutchinson 1941; Bose 1944; Bose and Ghosh 1945; Baker 1946; 

and Tinsley and Nowakowski 1957). These procedures were improvements 

but problems remained with the use of alkaline solutions which might 

degrade urates and difficulties in determining the end-points of the 

titrations. The enzymatic method developed by Dubbs et al. (1956) for 

use with bird urine and modified by McNabb and Poulson (1970) avoids 

these problems and is considered to be highly specific for uric acid 

(Keilin 1959; Mudge et al. 1973; and McNabb and McNabb 1975). 

Urates in bird urine are largely in the form of microscopic 

spheroid precipitates composed of uric acid dihydrate (Lonsdale and 

Sutor 1971). That bird urine does not contain mainly uric acid or 

monobasic salts of urates was first reported by Folk (1969a and b) who 

studied the white part of bird urine with the use of polarized light and 

x-ray diffraction analysis. He incorrectly concluded, however, that 

bird urine contained no form of uric acid. X-ray diffraction analysis 

performed by Lonsdale and Sutor (1971) showed parakeet urine consists 

mainly of uric acid dihydrate in the form of precipitates of small 

layered spheres which transform to normal crystals either on aging or in 
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water or dilute acids. Moreover, uric acid dihydrate is also a 

component of human urinary stones. About 20% of human uric acid calculi 

have uric acid dihydrate as a mixed portion and some are 95% uric acid 

dihydrate (Hesse et al. 1975). 

The precipitated portions of bird urine contain significant 

quantities of cations (mainly Na and K with some Ca and Mg; McNabb et 

al. 1973; McNabb and McNabb 1977). McNabb (1974) suggested these 

cations are trapped in the spaces between the layers of uric acid 

dihydrate because of their electrostatic attraction to the negatively 

charged urate colloids. 

Avian Renal Function 

Subsequent to the initial interest in uric acid excretion, 

researchers began to investigate other aspects of avian kidney 

function. The major topics of interest were renal blood flow, 

glomerular filtration rate, excretion of strong electrolytes (Na^, 

K , CI ), and urine concentrating ability. 

Renal Blood Flow 

Little work has been reported which relates to blood flow in the 

bird kidney with the exception of descriptions about the form and 

function of the avian renal portal system. After Jacobsen (1817; cited 

by Sperber 1948) first reported that birds possess a renal portal 

circulation, and until extensive work by Spanner (1925) confirmed 

Jacobsen's findings, the existence of this portal system was much 

debated (see historical review by Sperber 1948). Even after Spanner's 

work, some controversy remained until Sperber in 1948 conclusively 



demonstrated the existence of the renal portal circulation and carefully 

described many structural and functional aspects of it. This work has 

been corroborated by Kurihara and Yasuda (1975) and recently been 

confirmed and extended by Braun and Wideman (1979) and Braun et al. 

(1979). 

Before Sperber's efforts, measurements of blood flow in the 

chicken kidney were attempted by Mayrs (1924) and Gibbs (1928). Mayrs 

estimated renal blood flow to be 0.4 ml/min per gram kidney weight. 

Based on uric acid excretion rates, this figure seemed quite low; Gibbs 

re-investigated the question and concluded that renal blood flow may 

exceed 10 ml/min per gram kidney. Both Mayrs and Gibbs were unaware of 

the nature of the renal portal system and their methods included 

clamping the renal portal and renal veins and collecting venous outflow 

via the femoral vein (see Figure 1). This had the effect of largely 

eliminating the normal afferent venous flow from the portal circulation 

into the kidney and forcing the normal venous outflow (derived from 

arterial perfusion) to flow backward through the renal portal system and 

out the femoral vein where it was collected. This technique might have 

been a reasonable measure of arterial blood flow had they not overlooked 

the contributions of two smaller veins, the sciatic and cranial renal 

portal veins. The sciatic vein delivers venous blood into the renal 

portal circulation and the cranial renal portal vein can shunt blood 

away from the renal portal circulation. With the possibilities that 

non-renal venous blood from the sciatic vein would flow into the femoral 

vein and some renal venous blood would by-pass the femoral vein via the 
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Left cranial renal 
portal vein (2) 

Left fonoral vein (1) 

Left sciatic vein (3) 

Figure 1. Diagram of the principal veins associated with the 
kidneys of the domestic fowl. — The femoral vein is located 
at position 1. The cranial renal portal and sciatic veins are 
noted at positions 2 and 3 respectively. 
(Adapted from Akester 1967) . 
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cranial renal portal vein, use of this technique for determining even 

renal arterial blood flow is very difficult. 

The descriptions of the avian renal portal system by Spanner and 

Sperber gave an indication of the complexity of the renal circulation in 

birds. Akester (1967) further showed that patterns of flow through the 

renal portal circulation are highly variable and depend in large part on 

the activity of the renal portal valves located at the juncture between 

the renal portal and renal veins (see Figure 1). Factors which control 

the activity of the renal portal valves and regulate flow in other parts 

of the renal portal circulation are not known. However, Akester and 

Mann (1969) have shown the renal portal valves are richly innervated 

with both sympathetic and parasympathetic fibers. 

Because of the complex patterns of blood flowing through the 

avian kidney, estimates of renal blood flow can be accomplished best by 

indirect methods. Determining the renal excretion of certain substances 

carried to the kidneys in the blood can give an estimate of the total 

blood flow through the kidneys. Pitts (1938) was one of the first to 

make use of this idea. He administered to the chicken a dye, phenol 

red, by intramuscular or intravascular injection. Based on the 

excretion rate of phenol red he concluded that the minimum renal blood 

flow must be 40 ml/kg (body weight) .min and that flows of 70 ml/kg.min, 

as found by Gibbs (1928), would reasonably explain the highest rates of 

phenol red excretion he observed. Sperber (1946) also used phenol red 

to demonstrate the functional nature of the renal portal system in 

birds. Because phenol red was excreted first by the kidney on the same 

side as it was injected, Sperber reasoned the dye reached this kidney 



via Che renal portal circulation and was secreted by the renal tubules. 

He recognized the usefulness of this technique to study the secretion of 

various substances. 

The indirect method most commonly used for measuring renal 

plasma flow (RPF) and ultimately renal blood flow is to determine the 

renal clearance of para-aminohippuric acid (PAH); 

V X UpAH 
RPF = -= 

PPAH 

IJhere: 
RPF = renal plasma flow (ml/min) 
V = urine flow rate (ml/min) 
^PAH ~ urine PAH concentration (mg/ml) 
PpAH ° plasma PAH concentration (mg/ml) 

Since PAH in low concentrations is almost completely extracted from the 

blood in a single pass through the kidneys, renal clearance of PAH is a 

good estimate of blood flow through the kidneys. In this way, renal 

blood flow in the chicken was estimated to range from about 40 to 110 

ml/kg.min with a mean of about 75 ml/kg.min (see references from 

Skadhauge 1973; assume hematocrit of 45% - Sturkie 1976). Sykes (1971) 

reported a range from 30 to 130 with a mean of 60 ml/kg.min. Based upon 

the rate of disappearance of radioactive rubidium, Sapirstein and 

Hartman (1959) estimated a renal blood flow of nearly 100 ml/kg.min in 

the hen (cited by Sykes 1971). Since this is nearly 50% of the cardiac 

output, it suggests that a large contribution is made by the renal 

portal system. The flow of blood through the renal portal system is 

highly variable, as shown by Akester (1967), but must at times be a 
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considerable portion of the cardiac output. This fact suggests tubular 

secretion plays a dominant role in the elimination of wastes by the bird 

kidney. Recently, Odlind (1977) studied the blood flow distribution in 

the avian renal portal system by determining the fractional distribution 

of microspheres injected into a leg vein. His findings support those of 

Akester concerning the variable nature of blood flow through this system. 

Glomerular Filtration Rate 

Glomerular filtration rate (GFR) is usually measured using the 

clearance method. The formula is expressed below: 

V X Ux 

Where: 
Cjj = clearance of x (ml/min) 
V = urine flow rate (ml/min) 
Ujj = urine concentration of x (mg/ml) 
Px = plasma concentration of x (mg/ml) 

The clearance of any plasma soluble substance x (C^^) is equal to the 

GFR if substance x is filtered freely at the glomerulus and undergoes 

neither reabsorption, secretion, nor degradation in the renal tubules. 

The clearance of glucose in the presence of phlorizin (a drug which 

abolishes glucose reabsorption by the renal tubules) was the first 

method used to estimate GFR in the chicken (Marshall 1934). 

Subsequently, other carbohydrates (xylose, sucrose, inulin) which were 

not normally thought to be reabsorbed by the renal tubules were used to 

estimate GFR. Of these, the clearance of inulin is accepted and now 

widely used as a measure of GFR, and has been measured as part of many 



investigations concerning avian renal function. The reported range of 

values for GFR in chickens is from 0.4 ml/kg.min (Marshall 1934) to 3.4 

ml/kg.min (Pitts 1938 and Pitts and Korr 1938). As compiled by 

Skadhauge (1973) and Sturkie (1976), the range of mean GFR's for 

chickens subjected to varying conditions ranges from 0.5 ml/kg.min 

during salt loading (Dantzler 1966) to 3.0 ml/kg.min for the nonfasted 

laying hen (Sperber 1960). In addition to those studies cited by 

Skadhauge and Sturkie, Burgess et al. (1933), Levinsky and Davidson 

(1957), and Ames et al. (1971) have reported GFR values within this 

range for the chicken. This wide range of values results primarily from 

the differences in experimental conditions inqjosed, and also from 

variation among individual birds. However, the GFR of a single bird is 

generally quite constant for any given condition. 

Reports of GFR determinations for birds other than the chicken 

are also given by Skadhauge (1973) and Sturkie (1976). Holmes et al. 

(1968) reported for the unanesthetized domestic duck a GFR of 2.5 

ml/kg.min when fresh-water adapted, and 2.1 ml/kg.min when drinking 

hypertonic saline. Under conditions of mild hydration, the mourning 

dove had a mean GFR of 2.6 ml/kg.min (Shoemaker 1967). Thus the GFR of 

both the duck and the mourning dove are much the same as that of the 

chicken. The budgerygah and the seagull, however, have GFR's generally 

higher than those for the chicken. The budgerygah had a GFR of 3.2 

ml/kg.min when dehydrated and 4.4 ml/kg.min when nonnally hydrated (Krag 

and Skadhauge 1972). The salt loaded seagull had a GFR of 4.2 ml/kg.min 

and 4.6 ml/kg.min when fresh water adapted (Douglas 1966). The desert 

quail, on the other hand, had a mean GFR of only 1.8 ml/kg.min (under 



conditions of anesthesia and mannitol diuresis; Braun and Dantzler 

1972). This is lower than the mean observed for the chicken. When 

water loaded, deserted qxiail had a mean GFR of only 2.8 ml/kg.min and 

when salt loaded only 1.0 ml/kg.min (Braun and Dantzler 1975). That the 

lower GFR in desert quail may reflect adaptation to desert conditions is 

suggested by studies involving the use of starlings. Starlings living 

in a mesic environment were reported by Clark et al. (1976) and Clark 

and Wideman (1977) to have a mean GFR of 7.4 ml/kg.min. This compares 

to a mean GFR of only 2.5 ml/kg.min for starlings living in the desert 

(Braun 1978). For the starling, these differences could reflect their 

state of hydration, but in the desert quail GFR is generally low, and as 

stated, increased only modestly when the animals were water loaded. 

Single-nephron glomerular filtration rate (SNGFR) also has been 

determined for the desert qtjail (Braun and Dantzler 1972). They 

identified three populations of nephrons and characterized each as 

having either long loops of Henle (large mammalian-type, MT-L), short 

loops of Henle (small mammalian-type, MT-S), or no loop of Henle 

(reptilian-type, RT). During a mannitol diuresis, the mean SNGFR*s were 

15.8, 10.9 , and 6.4 nl/min respectively. Salt loading (40 meq/kg) 

reduced the mean SNGFR of the MT-L and MT-S nephrons to 13.4 and 12.4 

nl/min while RT nephrons stopped filtering completely. Because only the 

MT nephrons are thought responsible for producing a hyperosmotic urine, 

these results are consistent with the need to excrete a hyperosmotic 

urine when confronted with an osmotic stress from salt loading. 

Administration of avian antidiuretic hormone (arginine vasotocin or AVT) 

was shown to cause reduction in the number of filtering RT nephrons 



(Braun and Dantzler 1974). Thus, in the desert quail, AVT may be the 

mediator for the response of RT nephrons, during salt loading. By 

comparison, however, starlings studied in the same manner had control 

SNGFR's of 15.6 and 7.0 nl/min for MT and RT nephrons, but in response 

to a 16 meq/kg salt load, had SNGFR's more than twice the control values 

for both nephron types. When a 32 meq/kg salt load was given, SNGFR's 

were diminished to 10.6 and 5.4 nl/min respectively and in one case, RT 

nephrons ceased filtering (Braun 1978). 

Osmotic and Ionic Composition of Urine 

The role of the bird kidney in the excretion of strong 

electrolytes (Na, K, CI) is difficult to ascertain because the final 

urine produced by the kidneys may be significantly changed as it 

refluxes into the cloaca and intestines where Na, K, CI and H^O can be 

reabsorbed (Skadhauge 1975). In addition, for birds with nasal salt 

glands, 60 to 85 percent of the excess NaCl normally is eliminated by 

these glands (Sturkie 1976). The osmotic and ionic composition of the 

urine of chickens has been presented in tabular form by Sykes (1971), 

Sturkie (1976), and for many other birds including the chicken by 

Shoemaker (1972) and Skadhauge (1973). According to Skadhauge and 

Schmidt-Nielsen (1967), the water-loaded chicken had Na, K, and CI 

concentrations in ureteral urine of 38, 6 and 27 meq/1 respectively. In 

the salt-loaded chicken, the values were 161, 25, and 140 meq/1 

respectively. When these birds were dehydrated, the values were 134, 

40, and 70 meq/1 respectively. The urine osmolality was found to be 

115, 362, and 538 mosm/1 for the water-loaded, salt-loaded, and 



dehydrated chickens respectively. These results are in general 

agreement with the findings of Dantzler (1966) and Ames et al. (1971). 

Skadhauge (1977) later showed for dehydrated chickens on a commercial 

diet the Na, K, and CI concentrations were similar to those previously 

reported. But for birds on a seed diet (one which contains only about 

1/5 as much NaCl), the concentrations were 41, 73 and 36 meq/1 for Na, 

K, and CI. This is nearly a fourfold decrease in Na and Cl 

concentrations for birds on a seed diet compared to those on a 

commercial diet and is consistent with the lower NaCl content of the 

seed diet. In addition, McNabb et al. (1973) also reported similar 

findings for chickens given either high or low protein diets along with 

either tap water or a 1% NaCl solution to drink. The relative 

concentration of Na in the ureteral urine was proportional to the 

relative amount provided in the food and water of each group. The 

results from both these studies suggest that, even though post-renal 

changes in the composition of ureteral urine probably occur in the 

chicken, the kidneys have a major role in maintaining strong electrolyte 

balance. 

Urinary concentrations of strong electrolytes determined in 

birds other than the chicken are generally similar given the same 

relative conditions (see Skadhauge 1973 and Shoemaker 1972 for a 

comparative listing). Other birds studied more recently include the 

desert quail (Braun and Dantzler 1972 and 1975), the ostrich (Schutte 

1973), the zebra finch (Skadhauge and Bradshaw 1974), and the starling 

(Braun 1978). 
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Among non-mannnalian vertebrates, only birds are able to produce 

a urine hyperosmotic to the plasma (Dantzler 1970). When normally 

hydrated, the chicken usually produces a urine which is osmotically the 

same as the plasma or slightly more dilute. When stressed either by 

salt loading or dehydration, the maximum urine osmolality is only about 

twice that of the plasma (Skadhauge and Schmidt-Nielsen 1967). In man, 

the maximum urine-to-plasma osmolality ratio (osmolal U/P ratio) is 

about 4 or twice that for the domestic fowl. However, the maximum 

osmolal U/P ratio reported for other birds ranges from a low of 1.4 for 

the emu to a high of 5.8 for the salt-marsh savannah sparrow (see 

reference lists compiled by Dantzler 1970; Skadhauge 1973; and Skadhauge 

1975). By comparison, the desert pocket mouse can produce a urine with 

an osmotic concentration about 20 times the plasma osmolality (Lindstedt 

and Braun 1978), one of the highest among mammals. 

Since, within the nephron, the ability to produce an osmotically 

concentrated urine is thought to depend on the function of the loop of 

Henle, this ability in birds is probably confined to the mammalian-type 

nephrons (which have loops of Henle extending down into the medullary 

cones of each avian renal lobule). The correlation between 

concentrating ability and the number of medullary cones in a cross 

section of the bird kidney is quite good (Poulson 1965; and McNabb 

1969b), the more medullary cones per cross-sectional area the greater 

the maximum U/P osmolal ratio achieved. Other estimates done using an 

injection technique (Johnson and Mugaas 1970) generally agree with these 

findings. The length of the medullary cones relative to the thickness 

of the renal cortex does not correlate with concentrating ability in 



birds (Johnson 1974). However, in mammals the maximal concentrating 

ability correlates best with the relative length of the loop of Henle 

(Schmidt-Nielsen and O'Dell 1961). This is in contrast to the findings 

in birds that the absolute number of loops (number of medullary cones) 

is most important. As pointed out by Dantzler (1970), the general 

tendency in birds to have more loops rather than longer loops to 

increase urine concentrating ability may result in a larger volume of 

concentrated urine and also aid in the excretion of urates without 

mechanical obstruction. For this reason, it may be more useful for 

birds to have a greater number of mammalian-type nephrons (more 

medullary cones) with only moderately long Henle loops. In this way a 

larger volume of relatively concentrated urine can be produced by the 

mammalian-type nephrons and be mixed with urine from the much more 

abundant reptilian-type nephrons and still provide a hyperosmotic 

urine. As already pointed out, birds can produce only a moderately 

hyperosmotic urine compared to mammals. However, in birds the need to 

produce a hyperosmotic urine is not as great as for mammals because the 

uric acid excreted by birds does not contribute to the osmolality of the 

urine as does the urea excreted by mammals. 

Methods of Collection and Analysis of Avian Urine 

The methods employed by different investigators to collect and 

analyze avian urine varied considerably. There has been no logical 

progression of improved technique nor any general consistency•in use of 

techniques among the many researchers in the field. This general 

discontinuity and lack of uniform methodology has contributed to the 
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difficulty in comparing results between various studies. A description 

of the methods used to collect and then to analyze samples of avian 

urine follows. 

Collection of Urine 

The first consideration concerning collection of urine samples 

from birds is to make the distinction between ureteral and so-called 

cloacal urine. Ureteral urine is collected either directly from the 

ureters or immediately upon entering the cloaca and is considered to be 

solely a product of the kidneys. Cloacal urine, on the other hand, is 

the liquid portion of the excreta and represents urine which is mixed 

with feces. Its composition depends both on the actions of the kidneys 

and on any post-renal changes in the original composition which may 

occur during its sojourn in the cloaca and intestines. 

The liquid portion of the excreta (cloacal urine) is generally 

collected when spontaneously voided either onto a clean nonabsorbent 

surface or under oil. Collection of urine in this manner is not 

suitable for studies of renal functon per se but can be useful for water 

and electrolyte balance studies where the need to know only total 

excretory loss is important. Examples of these techniques are described 

by Cade and Dybas (1962), Poulson and Bartholomew (1962) and Calder 

(1964). 

Collecting ureteral urine for short-term studies of avian renal 

function is usually done by either canulating the ureters directly or by 

collecting fresh urine from the cloaca. Plugging of ureteral canulas by 

urates is usually a problem with the ureteral canulation method. To 



compensate, it usually is necessary to cause a diuresis thus increasing 

urine flow rate to help flush out the canulas. This commonly is done by 

either water loading (Davis 1927), using diuretic drugs (referenced by 

Sykes 1971), or causing an osmotic diuresis when infusing an agent such 

as mannitol (Dantzler 1966). An alternate approach to increasing urine 

flow is to continually rinse the ureteral canulas with known volumes of 

distilled water (Campbell 1960). 

Collecting urine from the cloaca instead of directly from the 

ureters also can be done. Canulas introduced into the cloaca can be 

much larger than ureteral canulas and therefore plugged less easily. 

However, with low urine flow rates, plugging still may be a problem 

requiring either rinsing or use of diuresis. Use of a cloacal canula 

also requires some manner of keeping urine separate from feces. This is 

usually done with cotton plugs (Coulson and Hughes 1930) or surgical 

ties (Braun 1978) placed between the cloaca and colon. To avoid 

prolonged contact of urine with the tissues of the cloaca and thus 

reduce cloacal induced post-renal changes in the composition of ureteral 

urine, specially designed canulas can be used which reduce urine contact 

with the walls of the cloaca and facilitate the rapid outflow of urine 

(Hart and Essex 1942). 

For long term (chronic) studies, separation of urine and feces 

has been done by colostomy, by surgically exteriorizing the ureters, and 

by using specially designed indwelling cloacal canulas. Use of the 

colostomy for collection of urine separate from feces in birds was 

described first by Wiener (1902). Since then it has been used more than 

any other method. With this method the cloaca serves as a urinary 



bladder and the distal end of the rectum is brought through the body 

wall and everted upon itself to serve as an anal opening. Simultaneous 

collections can be made separately for the urine and feces of the same 

animal. 

Many of the early descriptions of the use of the colostomy in 

birds were lacking in detailed explanation (see references by Rothchild 

1947). Some investigators reported the colostomy failed due to tissue 

overgrowing the opening (Newberne et al. 1957) or to cessation of 

peristalsis caused by the strain of the operation. Recently, more 

detailed descriptions have been reported and suggestions made to insure 

success. To prevent tissue overgrowth, both Rothchild (1947) and Tao et 

al. (1969) suggested the mucosa of the colon should be everted prior to 

ligation to the body wall. Others proposed the use of special canulas 

to prevent obliteration of the colostomy opening (see references by Tao 

et al. 1969). Care and cleaning of the opening along with the use of a 

low-fiber diet also can be helpful (Richardson et al. 1960). 

The site for fixation of the colostomy stump should be in the 

right lateral abdominal wall just posterior to the fold of the leg. 

This positioning avoids the difficulties of operating through the thick 

omental fat of the midline and, even more importantly, places the colon 

nearer its normal anatomic position thus reducing the strain placed on 

it (Rothchild 1947; and Tao et al. 1969). 

The colostomy also has been referred to as an artificial anus 

(Rothchild 1947) and as a rectal fistula (Scheiber and Dziuk 1969). 

Some investigators 'nave used and compared the results of this method 

with other methods which include exteriorization of the ureters and use 



35 

of special cloacal canulas (Milroy 1903; Hester et al. 1940; Hart and 

Essex 1942; and Dixon 1958). Others using this technique, but not 

already mentioned, include Paton (1909), Fussell (1960), Tasaki and 

Okumura (1964), and Simkiss (1970). 

Exteriorization of the ureters is another surgical method used 

to separate urine and feces. In this method the dorsal part of the 

cloaca which contains the ureteral openings is isolated surgically and 

sutured to the body surface on the underside of the tail while the rest 

of the cloaca remains intact and functions normally. A special 

receptical is placed over the exposed ureteral openings to collect the 

urine. This procedure has not been used as widely as the colostomy 

because difficulties ensuring proper healing of the incisions often 

ensue (Tao et al. 1969). However, some workers employing this method 

have maintained birds in a functional condition for long periods (Hester 

et al. 1940; Hart and Essex 1942; Dixon and Wilkinson 1957; and Dicker 

and Haslam 1966). Ideally, this method is the one best suited for long 

term studies because the surgical insult to the animal is minimal and 

(when successfully done) separate collection of urine and feces is easy, 

complete, and unaltered from the normal state. Success in using this 

method apparently depends on the surgical skill and experience of the 

investigator. Ainsworth (1965) reported an improved surgical procedure 

for exteriorization of the ureteral openings in the hen which clearly 

describes the important aspects of the technique. Others reporting on 

the use of this method include Newberne et al. (1957), Dixon (1958), and 

Dicker and Haslam (1972). 



Specially designed canulas have been made which fit into the 

cloaca so urine and feces drain separately. An example of one such 

version is presented by Bokori (1961). Use of these double-barrelled 

cloacal canulas generally has not been successful for long term 

studies. Plugging of both the urine or fecal openings and difficulty in 

keeping the canula in position may occur. For short-term (2 or 3 day) 

urine collections, however, this method is both practical and useful. 

Analysis of Urine 

Because avian urine is a combination of liquid and solid 

portions, analysis of its conq)osition is more difficult than for the 

typical watery urine produced by most mammals. For bird urine, it is 

not sufficient to test a small sample of the liquid portion and expect 

an accurate estimate of the total content of the ureteral urine. This 

is especially true for sodium and potassitjm which can be found 

coprecipitated with urates in the solid portion of the urine (McNabb et 

al. 1973). A complete quantitative analysis of avian ureteral urine 

depends on a suitable method of collection of the whole urine sample, 

and on consideration of both the liquid and solid portions. 

The method of collection is important because restriction of 

free flow which can occur when using ureteral or cloacal canulas, will 

cause separation of liquid and solid fractions. Intermittent or partial 

plugging of canulas, improper canula placement, or prolonged urine 

contact with the tissues of the cloaca can cause an accumulation of 

either solid or liquid in excess of the relative amounts in the whole 

urine. Because cations are distributed unequally between the solid and 



liquid fractions of bird urine, estimates of renal excretion of sodium, 

potassium, and urate can be in error if the relative proportion of these 

two fractions is altered. Using capillary tubes to collect liquid urine 

voided onto glass plates (Poulson and Bartholomew 1962) and selectively 

aspirating liquid portions of urine samples collected under oil (Smyth 

and Bartholomew 1966) are examples of collection methods which could 

lead to errors in analysis of the electrolyte composition of the whole 

urine. 

To analyze for total electrolyte or urate contents of the whole 

urine, the solid portion must first be dissolved. Alkaline solutions 

are effective solvents often used for this purpose. Lithium hydroxide 

solutions are used to dissolve urates,but also cause gradual destruction 

of uric acid. The method developed by Dubbs et al. (1956) and later 

modified by McNabb and Poulson (1970) makes use of an alkaline glycine 

buffer solution in which uric acid is relatively stable. By initially 

dissolving urine samples in a 0.5 M LiOH solution, and then diluting 

aliquots with a glycine buffer solution, complete analysis of the urine 

can be accomplished. Comparison of the composition of the liquid 

fraction of the urine (before dissolution of urates) with that of the 

whole urine (after dissolution of urates) will enable evaluation of the 

composition of the solid fraction and a quantitative analysis of the 

partioning of sodium, potassium, and urate between the liquid and solid 

fractions of th.e urine. 



Water Balance Studies in Birds 

The water economy of birds has been studied to gain insight into 

how birds obtain and utilize water in the many diverse and challenging 

habitats which they occupy successfully. This approach requires 

understanding of the physiology, anatomy, and behavior of the birds 

studied. It is important to determine how birds acquire water and how 

the natural conditions determine their needs for water. From the 

viewpoint of physiology, it is necessary to quantify the capabilities 

and limitations of birds with respect to maintaining water balance under 

given conditions. Many aspects of water balance have been studied for a 

multitude of various wild birds. For a complete review and description 

of the early work done in this area, see Bartholomew and Cade (1963), 

and for desert birds see Chew (1961). A partial list of references to 

other studies involving wild, birds after 1963 include; Dawson and 

Schmidt-Nielsen (1964), desert birds; Calder (1964), the zebra finch; 

Smyth and Bartholomew (1966), the black-throated sparrow and the rock 

wren; Greenwald et al. (1967), the budgerygah; Willoughby (1968), the 

Stark's lark and the grey-backed finch-lark; Johnson (1969), the 

red-tailed hawk; Lee and Schmidt-Nielsen (1971), the zebra finch; Krag 

and Skadhauge (1972), the budgerygah; Johnson and Ohmart (1973), the 

large-billed savannah sparrow; and Skadhauge and Bradshaw (1974), the 

zebra finch. 

Since the purpose of the present study is to evaluate some 

aspects of kidney and hindgut function in desert quail, this review will 

only describe studies concerning water balance in the desert quail and, 

for purpose of comparison, in the domestic fowl. 



For desert quail, water is a limited resource in their natural 

habitat. Because of this, water balance studies have been conducted 

comparing the desert quail with other species of quail which generally 

occupy more mesic environments. Desert quail have the ability to cope 

better physiologically with water deprivation or salt loading than 

related non-desert species (McNabb, 1969 a and b; and Carey and Morton 

1971). Under control conditions, total water intake for desert quail 

averaged 9.6% of body weight per day and was 7.5% from ad libitum 

drinking, 0.4% from food, and 1.7% from metabolism (McNabb 1969a). The 

simultaneous total water output averaged 4.1% from excreta loss and 3.2% 

from evaporative loss for a total of 7.3% of body weight per day. These 

values are similar for bobwhite and California quail which were compared 

in the same study. However, long-term minimum water requirements were 

least for the desert quail (1.3% of body weight per day) when compared 

to the California and bobwhite quail (1.5 and 3.4% respectively). Thus, 

under conditions of water restriction, these birds showed degrees of 

physiological adaptation to water shortage that correlated with water 

availability in their natural habitats. 

This also was reflected in the relative ability of the same 

three species of quail to utilize NaCl drinking solutions. Of the 

three, desert quail effectively utilize the highest NaCl drinking 

solutions, display the most stable plasma osmolalities, and excrete the 

most concentrated urine (McNabb 1969b). In a study comparing salt and 

water regulating abilities of California and desert quail, Carey and 

Morton (1971) also showed that desert quail produced a more concentrated 

urine and were more tolerant of both drinking NaCl solutions and 
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dehydration. Thus, the influence of habitat may play a role in shaping 

the physiological adaptations manifest in the desert quail's ability to 

conserve water. 

In domestic fowl, investigations concerning water balance have 

been conducted for a variety of reasons including its relationship to 

protein content of the diet, the problem of wet poultry house litter, 

and the influence of cloacal reabsorption of water. James and Wheeler 

(1949) reported that growing broiler chicks consumed increasing amounts 

of water when the protein content of the diet was increased, even though 

food intake remained constant. The quantity of droppings produced 

increased somewhat resulting in increased loss of water. In this 

study, all excreta averaged about 71% water by weight, a value somewhat 

lower than that given by others. Osbaldiston (1969) reported that 

chicken feces had a water content of about 80%, while the droppings 

(mixed urine and feces) were 83 to 87% water. This compared to chickens 

with "wet droppings" which had 89 to 92% water. Wet droppings in laying 

hens apparently resulted mainly from increased food intake and an 

associated increase in water drunk during the peak of the egg laying 

cycle. Water loss with the excreta of normal hens was similar (3 to 4% 

of body weight per day) to that previously mentioned for the desert 

quail given free access to drinking water. 

Studies conducted to evaluate the role of the hindgut in 

reabsorption of water from the urine of chickens have provided a good 

estimate of their overall water balance. Hart and Essex (1942) reported 

water consumption in chickens averaged about 11% of body weight per day, 

and that water loss in the urine and feces ranged from 5 to 9% while 



evaporative loss was about 5%. As reported above, the comparable values 

for the desert quail were 7.5, 4.1 and 3.2% respectively. These 

differences though small are consistent and may indicate some difference 

in water economy between desert quail and the domestic fowl. However, 

recent studies conducted by Dicker and Haslam (1972) give values for the 

chicken lower than those reported by Hart and Essex, and comparisons 

based on the results of Dicker and Haslam would suggest that, during ad 

libitium water consumption, both the desert quail and the chicken 

function in a similar manner. It is important to note that temperature 

and humidity were maintained constant for both studies involving desert 

quail but were not reported by Hart and Essex (1942) and only 

temperature was recorded in the studies by Dicker and Haslam (1972). 

Differences in temperature and or humidity may have contributed to the 

variations in water balance. Other domestic birds for which various 

aspects of water balance have been studied include the pigeon (McNabb et 

al. 1972) and the turkey (Scheiber and Dziuk 1969). 

Urate-cation Interactions in Avian Urine 

Uric acid and urates are considered relatively insoluble 

substances. Over the physiological pH range the aqueous solubilities 

span from 0.39 mmol/liter for uric acid to 12.06 mmol/liter for 

monopotassium urate (Gudzent 1908). A few observations recorded in the 

early literature were of remarkably high urate concentrations in the 

urine of the domestic fowl (Gibbs 1929a). Such high urate concenttations 

were beyond the generally accepted saturation limits and suggested 
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urates were either in an unusual form or in a colloidal state in bird 

urine. 

Chemical Form of Urates in Urine 

Supersaturated uric acid solutions can be prepared that will 

form gels. This was first demonstrated by Schade and Boden (1913) who 

used sodium, potassium, and lithium hydroxide solutions to aid in 

forming urate gels. Since then, a number of investigations have been 

conducted to determine whether such preparations are colloidal (see 

references by Young and Musgrave 1932). The general consensus of 

opinion favored at least a portion of the urate gels being in the state 

of colloidal aggregates. This was demonstrated in studies by Young and 

Musgrave (1932) using the technique of ultrafiltration. Young and 

Dreyer (1933) further studied the formation of colloid solutions of 

urates in an attempt to evaluate better the process occurring in bird 

urine which seemed to produce similar colloidal aggregates of urates. 

They found the urine of the fowl is usually a highly viscous fluid 

containing urate precipitates, urate salts, and colloidal urate. The 

precipitate was said to consist of a whitish mass of sodium urate which 

may be either amorphous or crystalline. Of the non-precipitated urates 

in the liquid phase of the urine, about one-fifth was in colloidal 

form. However, they were not able to elucidate the process by which 

these colloids were formed in the urine. 

Recent reports indicate that concentrations of urate, sodium, 

and potassium in the liquid phase of the urine from most reptiles and 

birds are above the solubilities for urate salts, and often even exceed 
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the stability limits for lyophobic colloidal urate (see review by 

Dantzler 1978). This suggests more stable lyophilic urate colloids may 

be formed. By association with lyophilic macromolecules, lyophobic 

urate colloids may be converted to a lyophilic state which has a greater 

stability in liquid urine (Porter 1963). Mucoids may serve as these 

lyophilic macromolecules in bird urine. That mucoids are present in 

bird urine was reported by Mayrs (1924) who stated that large amounts of 

mucous material are present in the urine of the hen. However, Young and 

Dreyer (1933) partially disagreed with Mayrs stating "The viscous 

character of the urine we attribute to the presence of colloidal urate. 

A small amount of mucin is however present." Whether in large or small 

amounts, mucoids most likely have some relationship to the urate 

colloids present in bird urine. 

Mucoid materials have been identified in the kidneys of a number 

of bird species and may function as lyophilic macromolecules to which 

lyophobic urate colloids can be adsorbed (Longley et al. 1963; Porter 

1966; and McNabb et al. 1973). The origin of these mucoids in bird 

urine is uncertain. McNabb and McNabb (1975) suggest they may come from 

the plasma. Urate binding proteins have been found in plasma (Alvsaker 

1966) and ultrafilterable urate colloids are transported in the plasma 

of hyperuricemic chickens (Levine et al. 1947). In addition, Minnich 

(1976) has reported the presence of a urate-binding protein in lizard 

urine. 

Since some of the urate in the liquid phase of both reptilian 

and avian urine is in the form of lyophilic colloids, this may help to 

protect the urinary system by increasing colloidal urate stability. 
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thereby reducing urate precipitation. According to McNabb et al. 

(1973), mucoids may aid in the formation of these lyophilic urate 

colloids, or simply act as physical lubricants in the collecting ducts 

and ureters. More work is needed in this area and could have important 

implications in the management of human disease problems involving the 

precipitation of urates occurring with some kidney stones, and in gouty 

arthritis. 

Urate precipitates make up the bulk of the solid phase of avian 

urine and are in the form of small smooth-walled spheres composed 

primarily of uric acid dihydrate (Lonsdale and Sutor 1971). For a 

complete review and discussion of the chemical form of urate 

precipitates in the urine of uricotelic vertebrates, see Dantzler 

(1978). The exact chemical nature of urate precipitates in the urine of 

birds has been controversial since Folk (1969a) stated, "Bird urine has 

a varied composition, and x-ray analysis shows that it does not consist 

largely of uric acid, as has frequently been parroted." He also found 

the " white part of bird droppings" to consist of minute spheres 2 to 9 

microns in diameter. Subsequent x-ray diffraction analysis by Lonsdale 

and Sutor (1971) showed budgerigar urine consists mainly of minute 

spheres of uric acid dihydrate in the form of "a disordered layer 

structure, like a pack of cards, the orientation of each card in its own 

plane being random, but with constant spacing from one card to the 

next." This disproved Folk's claim. 

Like Folk, Lonsdale and Sutor demonstrated that these spheres 

transform to a normally ordered crystalline phase either on aging or 

when soluble materials between the layers are washed out with water or 
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diluted acids. The soluble materials trapped between the uric acid 

dihydrate layers are thought to be mainly cations (McNabb et al. 1973 

and McNabb and McNabb 1977). Similar spheres have also been found in 

the urine of a number of lizards (Minnich and Piehl 1972). The cause of 

this spherical shape is not known but lyophilic macromolecules and 

included cations may be important (Minnich 1976 and McNabb and McNabb 

1977). 

Inclusion of Cations in Urate Precipitates 

The existence of some relationship in urine between urates and 

the cations sodium and potassium has been suggested by a number of 

investigations. Young et al. (1933) demonstrated the influence various 

electrolytes had on the formation and precipitation of urate colloids. 

They found cations to induce formation of urate colloids, and further 

speculated that increasing cation concentrations cause an instantaneous 

amorphous precipitation of these colloids. Porter (1963) also noted 

this ability of cations to precipitate colloidal urate. Indirect 

evidence concerning a relationship between urates and potassium was 

given by Leach et al. (1959) who found an increased potassium 

requirement in chicks on high protein diets. This implies that 

increased urate excretion resulted in additional loss of potassium. 

This was substantiated by Evans et al. (1971), who showed that chicks on 

high protein diets had increased uric acid, accompanied by increased 

potassium in the urine. Wilson et al. (1969) showed both sodium and 

potassium have protective effects against ammonia intoxication in birds, 

presumably by increasing uric acid excretion. They concluded, "sodium 
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may aid in transport or excretion of uric acid in the chick." Minnich 

(1972) found cations made up a significant portion of the urinary 

pellets excreted by several reptiles. He suggested that urate salts 

exist in the urine and the cations are in a "bound" state, not soluble 

in water. 

It is now known that urate precipitates in bird urine contain 

significant amounts of sodium and potassium along with lesser amounts of 

calcium and magnesium (McNabb et al. 1973; McNabb 1974; McNabb and 

McNabb 1977; and Braun 1978). The reported molar ratios of sodium and 

potassium to urate are as high as 3.4 (McNabb et al. 1973). Thus, more 

cations are precipitated with urates than if only monobasic urate salts 

were present. In addition, little if any of these precipitates are 

actually in the form of monobasic urates salts. This was concluded on 

the basis of x-ray diffraction studies by Lonsdale and Sutor (1971), and 

by McNabb and McNabb (1977) who used both differential thermal analysis 

and thermogravimetric analysis techniques. Both reported that urate 

precipitates in avian urine contain almost no monobasic urate salts. 

The McNabbs have hypothesized that cations are held in the spaces 

between the layers of uric acid dihydrate by physical forces resulting 

from the respective charge configurations of the various ions. 

A chicken with a sodium to urate molar ratio of 2.74, a urine 

urate concentration of 55.4 mM/ml (McNabb et al. 1973), and a urine 

_3 
excretion rate of 9.62x10 ml/kg.day (McNabb and McNabb 1975) would 

excrete 1.46 mM of sodium per Kg.day trapped with urate precipitates in 

ureteral urine. The amount of sodium excreted in the liquid urine of 

the same animal is about 1.92 mM/Kg.day (excreted in whole urine of 



chickens eating a diet with 11% protein and drinking tap water, McNabb 

et al. 1973). Whether the amount of sodium excreted is consistent with 

the amount eaten cannot be determined from the data presented. It would 

be useful to know the total dietary intake of sodium and compare this 

with the amount excreted in the ureteral urine. In this way one could 

estimate whether sodium trapped with urates aids in excretion of excess 

sodium, or actually presents a potential problem in excreting too much 

sodium which must be compensated for by post-renal reabsorption of 

sodium from ureteral urine. 

Recently, Braun (1978) reported that large amounts of sodium and 

potassium were excreted with urate precipitates in the urine of 

starlings. He calculated as much as 36% of the filtered load of sodium 

is excreted "bound" in some way with urate precipitates. In this study, 

the filtered load of spdium was approximately 673 mM/Kg.day. Thus, 242 

mM of sodium per Kg.day was reportedly excreted as a coprecipitate in 

ureteral urine. This certainly suggests that trapping of sodium within 

urate precipitates in ureteral urine involves a considerable amount of 

the total body pool of sodium and may further necessitate post-renal 

reabsorption of sodium from ureteral urine. 

The close association of sodium and potassium with urate 

precipitates has also been reported for some insects. Mullins (1979) 

found uric acid spherules in cockroach fat body urate cells. Upon 

examination by electron microscopy, these spherules appeared to be 

similar to those seen in reptilian and bird urine. Moreover, both 

sodium and potassium were found in these urate precipitates, with 

potassium being more abundant than sodium. Jungreis and Tojo (1973) 
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also reported that uric acid precipitates in tissues of the silkmoth 

contained large amounts of potassium. The precise chemical form of the 

urates in either of these studies is not known. However, Mullins (1979) 

compared infra red spectra of various urate standards with those of the 

fat body urates. He found the spectrum for urate in fat bodies was 

similar to that for uric acid dihydrate and even closer to that for 

monopotassium urate but not identical to either. 

Post-renal Modification of Urine in Birds 

In birds the composition of urine formed by the kidney is 

modified during its passage into the cloaca and large intestines. 

Sharpe in 1912 remarked, "The urine of hens is usually abundant and 

clear as it leaves the ureters, and its water content must be largely 

reabsorbed from the bowel". Since then researchers have investigated 

several questions relating to reflux of urine into the intestines, 

reabsorption of water and electrolytes by the cloaca and colon, and 

function of the intestinal ceca. 

Reflux of Urine 

The cloaca is the common opening into which empty the large 

intestine and the reproductive and urinary tracts. The ureters of birds 

attach to the dorsal surface of the cloaca and empty their urine 

directly into the urodeum (or middle portion of the cloaca). However, 

the cloaca does not serve simply as a urinary bladder for birds, because 

urine normally moves retrograde into the large intestines before being 

expelled. This was first suggested by Wiener (1902) who commented that 

cloacal urine normally is regurgitated into the rectum, and it is in the 



latter where water actually is reabsorbed from the urine. Koike and 

McFarland (1966) demonstrated this radiographically in unanesthetized 

hydropenic chickens. Radiopaque materials initially mixed with the 

urine were later detected in radiographs to be within the colon. 

Similarly, Akester et al. (1967) showed radiopaque materials in the 

urine normally reflux retrograde from the cloaca along the entire length 

of the colon, and even into the paired ceca. Polin et al. (1967) using 

radioactive tracers as markers in the urine, also demonstrated a 

backflow of urine into the colon and ceca of chicks. These findings 

show that urine normally comes in close contact with the tissues of the 

hindgut, thus providing ample opportunity for post-renal changes in the 

composition of ureteral urine. Retrograde movement of urine into the 

gut is rapid, occuring within 4 minutes from injection of material into 

the cloaca (Nechay et al. 1968). How long urine remains in contact with 

the tissues of the hindgut before being expelled is probably quite 

variable, and depends on the peristaltic movements of the colon (Hill 

1971). 

Backflow of urine is not. something peculiar only to the 

chicken. Ohmart et al. (1970) showed radiographic evidence that urine 

enters the colon and ceca of the roadrunner as well. They suggested 

water from the urine is reabsorbed during its passage into the gut and 

this may be an important aspect of water economy for desert birds. 

Reabsorption in the Cloaca and Colon 

The cloaca and posterior portions of the digestive tract of the 

fowl have been shown to be capable of absorbing solutes and water from 
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solutions placed within their lumina (see review by Skadhauge 1976). 

The ability to reabsorb water from the urine has been suggested as an 

important factor in water conservation for some birds (Schmidt-Nielsen 

et al. 1963). 

Post-renal changes in the composition of ureteral urine also 

have been reported to occur in the bladder of amphibians (Bentley 1966), 

and in the cloaca and intestines of reptiles (Junqueira et al. 1966; 

Dantzler and Schmidt-Nielsen 1966; Murrish and Schmidt-Nielsen 1970; 

Braysher and Green 1970; see also review by Dantzler 1978). 

Some authors have reported that the composition of avian urine 

is significantly modified during its passage into the lower intestines, 

while others claim the opposite is true, with little, if any, post-renal 

reabsorption taking place. This problem has been reviewed by Sykes 

(1971), Shoemaker (1972), Skadhauge (1973), and Sturkie (1976). Some 

reasons for these differences are discussed below. However, the 

importance of post-renal modification of urine in birds is still unclear. 

Wiener (1902) was among the first to suggest that the cloaca and 

rectum reabsorb water from the urine of birds. He noticed the 

paste-like urine in droppings appeared to contain much less water than 

that collected from the ureters. Sharpe (1912) provided additional 

evidence for this idea. Based on an estimated urine flow rate of 500 to 

1000 ml per day (collected for short periods from ureteral canulas), 

Sharpe concluded, "The urine of hens is usually abundant and clear as it 

leaves the ureters, and its water content must be largely reabsorbed 

from the bowel." Others supported this finding. Mayrs (1924) believed 

a continuous diuresis was needed to eliminate the relatively insoluble 
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uric acid excreted in the urine of birds. This, he said, resulted in a 

great deal of water that must be reabsorbed by the cloaca. Based on an 

estimated urine flow of 700 ml per day in chickens, Davis (1927) also 

commented on the apparent need for reabsorption of water in the cloaca. 

Korr (1938 and 1939) further investigated the question of cloacal 

reabsorption. He concluded that about 700 ml per day of fluid is 

reabsorbed isosmotically by the cloaca and rectum. Because little 

chloride is found in the excreta of the fowl (Davis 1927), Korr supposed 

chloride reabsorption was the driving force for reabsorption of water. 

Sharpe (1923) reported that the total amount of water reabsorbed does 

not, however, depend on the salt content of the urine. 

In all these studies, post-renal reabsorption of water and 

solutes was inferred because of the high urine flows observed (from 500 

to 1000 ml per day). We now know these authors overemphasized the role 

of the cloaca and intestines because technical difficulties caused 

spuriously high urine flow rates. The use of anesthetics and adrenalin, 

the presence of canule in the cloaca and ureters, collection of blood by 

venipuncture, and other disturbances provoke an initial copious flow of 

dilute urine in the chicken (Sturkie and Joiner 1959 a and b; Hester et 

al. 1940; Dicker and Haslam 1966). This reflex diuresis is most 

pronounced during the first hour, diminishing with successive collection 

periods thereafter to near normal. In the studies recounted here 

anesthetics often were used, the cloaca or ureters were canulated, and 

urine collections were made during the period of reflex diuresis. IVhen 

birds with exteriorized ureters or colostomies were used, Hester et. al. 
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(1940) reported urine flows of only about 90 to 130 ml per day, values 

which preclude an obligatory role for cloacal reabsorption. 

In later studies several authors examined the reabsorptive role 

of the cloaca and large intestines of birds. Again, the results were 

contradictory. Hart and Essex (1942) found if additional salt was added 

to the diet of birds with either exteriorized ureters or colostomies, 

they behaved much like control birds. Water consumption was similar in 

all groups and the normal volume of urine varied from 50 to 180 ml per 

day. They concluded that only small amounts of water are reabsorbed 

from ureteral urine, but post-renal reabsorption of salt may be more 

important. In a similar study, Dixon (1958) found 70% of the total 

intake of water is normally lost in the excreta of fowls and that little 

or no water is reabsorbed from the urine by the hindgut. In direct 

contrast to these findings. Dicker and Haslam (1972) found that birds 

with exteriorized ureters drank more than control animals to compensate 

for a 40% increase in water lost with the urine. They estimated about 

20% of the total water intake usually is reabsorbed from the urine by 

the cloaca or rectum. Supporting this were Scheiber and Dziuk (1969) 

who monitored water and food ingestion and excretion in turkeys with 

colostomies, and concluded that birds with colostomies had higher water 

turnover rates. They stated this increase in water ingestion and 

excretion in turkeys with colostomies is in accord with the concept that 

urinary water absorption does occur in the lower bowel of birds. 

However, they were careful to point out the possibility that a colostomy 

procedure may result in a diuresis, either by increasing water intake or 
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by directly reducing reabsorption of urinary water by the kidneys. 

Reports which suggest this have not, however, been found. For the 

budgerygah, Krag and Skadhauge (1972) calculated that if the retrograde 

flow of ureteral urine results in a net water absorption equal to the 

water content of the feces, the bird will remain in water balance. This 

is in accord with their findings that water loss with the excreta (mixed 

urine and feces) was equal in volume to that excreted in the ureteral 

urine. Thus, of the total water entering the hindgut with the urine and 

the feces, an amount equivalent to that contained in the feces is 

apparently reabsorbed by the tissues of the cloaca and large intestines. 

Both Weyrauch and Roland (1958) and Peaker et al. (1968) 

reported that tracer isotopes introduced into the cloaca of birds soon 

appear in the plasma. This suggests that cloacal reabsorption might 

occur, but it is not possible to conclude whether net solute or water 

reabsorption actually did occur. 

Nechay and Lutherer (1968) studied the contribution of the 

cloaca to salt and water absorption by comparing urine collected 

directly from one kidney, with urine (from the other kidney) which had 

been allowed to remain a short time in the cloaca. Urine remained 

within the cloaca because of a tie placed between the cloaca and colon. 

They reported that passive absorption of water occurred only when the 

urine was hypotonic to the plasma and no active role for the cloaca in 

salt or water absorption was seen. In this study, an evaluation of the 

contribution of the large intestines to water absorption cannot be 

made. Consequently, these results do not argue against the post-renal 
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absorption of salt or water from urine, which some have attributed to 

the intestine of birds, but do suggest that the cloaca itself is of 

little importance. 

Post-renal absorption of solutes and water from urine may be 

most important during dehydration. Skadhauge (1973) reported a 

reabsorptidn of only about 2% of the ureterally voided sodium and water 

in hydrated birds, while in dehydrated birds, about 67% of the sodium 

and 15% or more of the water was reabsorbed from the ureteral urine. 

This variation between hydrated and dehydrated animals may have 

contributed to some of the differences in results obtained by other 

authors already mentioned. 

A different approach to the problem of reabsorption of solutes 

and water in the cloaca and colon of birds has been made using an in 

vivo perfusion technique. This enables solutions to be circulated 

through the cloaca and colon up to the juncture of the small intestine 

and then collected for subsequent analysis (Skadhauge 1967 and 1968). 

Their findings indicate sodium, chloride, and water can be reabsorbed 

isosmotically from urine regurgitated into the bowel. Calculations 

given show that normally 3% of the urine water and sodium could be 

reabsorbed and during dehydration about 15% of the water and up to 50% 

of the sodium may be reabsorbed. These calculations are useful as an 

estimate of the capacity of the cloaca and colon for reabsorption. 

In further work. Bindslev and Skadhauge (1971a and b) showed 

osmotic water flow in dehydrated birds was twice that for hydrated 

birds, and in both cases solute-linked water reabsorption occured in the 

bowel. They concluded that a considerable fraction of the ureteral salt 
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reabsorption depends on urine flow rate. A decreased urine flow was 

said to facilitate net water reabsorption, presumably because 

solute-linked water flow is greatest with increasing hyperosmoticity of 

the urine. A high urine flow would tend to dilute the urine, resulting 

in decreased solute transport and solute-linked water flow. In 

addition, according to analogue computer simulation analysis done by 

Skadhauge and Kristensen (1972), hyperosmotic urine entering the cloaca 

of dehydrated birds would not cause loss of water in the cloaca or 

intestines. Instead, small amounts of water still could be reabsorbed 

but only at the expense of hyperosmotic sodium chloride reabsorption. 

Based on these studies, and on determinations of the composition of 

ureteral urine in birds (Skadhauge and Bradshaw 1974; Skadhauge 1975; 

Skadhauge 1977), it is estimated for dehydrated or salt depleted birds 

that 10 to 15% of the ureterally excreted water, and over 60% of the 

sodium chloride, are reclaimed from the urine (see review by Skadhauge 

1976). These findings are consistent with the estimated capacities for 

water and sodium reabsorption already mentioned. 

Other studies concerning water reabsorption and solute transport 

across the lower intestines of chickens have been done, and generally 

are consistent with the findings of Skadhauge. These include the 

studies of Crocker and Holmes (1971), who measured mucosal sodium and 

water absorption in everted cloacal sacs of ducklings, and found that 

salt-loaded birds reabsorb both sodium and water at twice the rate of 

controls. Many of the transport properties of the tissues of the cloaca 

and lower intestine of the chicken have been studied vitro using 
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Lyngdorf-Henriksen et al. 1978; Bindslev 1979). Recently, in vivo 

perfusion studies have shown potassium, ammonium, and inorganic 

phosphate are transported by the lower intestines of domestic fowl 

(Skadhauge and Thomas 1979). In addition, other in vivo perfusion 

studies demonstrated a role for aldosterone in increasing sodium 

reabsoirption in these tissues (Thomas and Skadhauge 1979a; Thomas et al. 

1979; and Thomas and Skadhauge 1979b). Morphological studies of the 

cloaca and intestine of birds indicate the epithelial tissues are 

elaborately organized, and are characteristic of other absorptive 

epithelia (Johnson and Skadhauge 1975; see also review by Hill 1971). 

McNabb (1969b) demonstrated that, in Bobwhite, California, and 

Gambel's (desert) quail, intestinal absorption of both sodium and water 

is almost complete when intestinal loops are filled with both high and 

low sodivnn chloride solutions. This results in excretion of fecal 

material as a solid mass. 

Function of the Ceca 

The ceca of birds are paired, elongated, blind-ended sacs which 

arise at the junction of the small and large intestine. They are 

thought to be analogous to the ceca of herbivorous mammals, enhancing 

the digestion efficiency of plant material (see review by Gasaway et al. 

1976). Avian ceca show considerable anatomical variation between 

species, being most developed among the Galliformes particularly in 

grouse and ptarmigan. Considerable dispute over the function of the 

ceca in birds has existed for many years (see reviews by Olson and Mann 
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1935; Ziswiler and Earner 1972). The principal topics of interest 

concerned the digestive function of the ceca, the mechanism by which 

they fill and empty, and their role in post-renal modification of 

ureteral urine. 

Maumus and Launoy (1901) and Maumus (1902) showed juices 

obtained from poultry ceca were capable of hydrolyzing carbohydrates 

and, in some circumstances, protein. This led to the notion that the 

ceca are the site of much digestion and absorption in birds. Since then 

it has been suggested that the ceca may be a site for microbial 

digestion of cellulose, digestion of protein and carbohydrate, microbial 

synthesis and absorption of vitamins, and absorption of water. Studies 

by Browne (1922), Olson and Mann (1935), Thornbum and Willcox (1965), 

and Fenna and Boag (1974b) indicate that primarily fluids, but very 

little solid material, enter the ceca. This suggests that the ceca are 

involved more in reabsorption than in digestion. This was confirmed by 

Gasaway et al. (1976), who studied cecal digestion in rock ptarmigan and 

concluded the ceca appear to play a minor role in the digestion of dry 

matter in birds fed highly digestible foods. As to the reabsorptive 

role of the ceca, they found 86% of the water entering the large 

intestines was diverted into the ceca and, of this, 96% was reabsorbed 

by the ceca while only 12% of the water entering the colon was 

reabsorbed. This study was also in agreement with much earlier work by 

Roseler (1929) who showed that, following cecaectomy in chickens, the 

water content of the droppings was greater than that of unoperated 

birds, intimating the ceca are associated with water absorption. 



58 

Thornbum and Willcox (1965) reported cellulose digestability in 

domestic fowl is only slightly better for control birds than for 

cecaectomized birds, thus showing the ceca do not significantly enhance 

fiber digestability. Nevertheless, some fermentation products, 

including ethanol and acetic, propionic, butyric, and lactic acids have 

been detected in the ceca. McBee and West (1969) reported from 6 to 30% 

of the basal energy for rock ptarmigan is derived from these 

fermentation products. In contrast, Annison et al. (1968) reported 

that cecal absorption of fermentation products contributes little as an 

energy source to the fowl. The origin of these and other compounds in 

the ceca has been discussed by Bell and Bird (1966). 

According to Fenna and Boag (1974b) the major function of the 

cecum is to permit a sorting of the intestinal contents. Indigestible 

cellulose is discarded via the colon, and the liquid, nutrient-rich 

residue enters the ceca to remain for longer periods, permitting further 

digestion and absorption to occur. This is accomplished by a system of 

alternating and convergent peristaltic and antiperistaltic waves in the 

large intestines, (Fenna and Boag 1974a). Others who have reported on 

the mechanical activities of the hindgut in birds include Sturkie 

(1965), Hill (1971), and Tindall (1976). 

Studies on the ̂  vivo metabolism of the cecal microflora of 

domestic fowl have been done to aid in evaluation of the role of the 

ceca in digestion. On the basis of the metabolic activity of the 

microflora within the ceca of normal chickens, Beattie and Shrimpton 

(1958) concluded that the major microbiological activity in the cecum is 

fermentative, since the principle gases produced were methane and carbon 
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dioxide. In spite o f  the activity of these dense populations of 

micro-organisms within the ceca of normal birds, Beattie and Shrimpton 

found cecaectomized birds grew as well as controls, and even tended to 

be slightly larger at 12 weeks of age. 

Bacteria in the ceca may have a role in modifying the 

composition of urine. Included with fluids which enter the ceca is 

urine which has refluxed retrograde from the cloaca. Urates in the urine 

may be degraded by uric acid decomposing bacteria found in the avian 

ceca (Barnes 1972). In all five species of birds studied (Barnes and 

Impey 1974), significant populations of uric acid decomposing anerobic 

bacteria were found in the ceca. Evidence for an active breakdown of 

urates is indicated by the presence of ammonia and urea (Bell and Bird 

1966). Because of this, Barnes (1972) suggested a major function of the 

cecum may be the metabolism or reutilization of substances excreted in 

the urine. Uric acid metabolism in the ceca of grouse also has been 

investigated by Mortensen and Tindall (1978), who found a rapid and 

effective breakdown of uric acid in the ceca. As in other parts of the 

lower bowel of birds (Skadhauge 1967), water absorption in the ceca is 

probably isosmotic and solute-linked to absorption of nutrients and 

electrolytes. In light of the findings which demonstrated that 

significant amounts of sodium and potassium are trapped within urate 

precipitates in avian urine (McNabb et al. 1973), bacterial 

decoii^)osition of urates within the ceca may result in release of sodium 

and potassium into solution. This would facilitate solute-linked 

absorption of water by the ceca. Whether significant amounts of sodium 

or potassium are actually reabsorbed from the urine in the ceca is not 



known. However, Osbaldiston (1969) observed that cecaectomy had no 

effect on either water or electrolyte balance in hens except for a 

transient increase in water loss during the first post-operative week. 



CHAPTER 3 

PRESENT STUDIES 

In the present studies, a quantitative investigation of both 

renal excretion and intake-output balance of water, sodium, and 

potassium was made in desert quail. In particular, the role of the 

hindgut in post-renal modification of both the liquid and solid portions 

of ureteral urine was evaluated. 

Purpose 

The present investigation includes a series of three studies. 

The purposes of these studies are: 1) to quantitate the amounts of 

sodium and potassium which are trapped within urate precipitates in the 

ureteral urine of desert quail, 2) to quantitate post-renal changes in 

the composition of ureteral urine which occur in the hindgut of the 

desert quail, and 3) to evaluate the role of the ceca in this post-renal 

modification of ureteral urine by the hindgut. 

In the first study, 6FR and renal excretion of water, sodium, 

potassium, and urate were evaluated in unanesthetized, uninfused desert 

quail. From this the amounts of sodium and potassium trapped within 

urate precipitates in ureteral urine were determined. Also, this study 

permitted comparison of the GFR, urine flow rate, and renal excretion of 

water, sodium, potassium, and urate between unanesthetized, uninfused 

desert quail (this study) and desert quail studied under conditions 
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involving anesthesia and intravenous infusion of fluids (previous 

studies). 

In the second study, the compositions (H^O, Na, K, and urate) 

and rates of excretion of both ureteral urine and feces from one group 

of birds is compared to the composition (H2O, Na, K, and urate) and 

excretion rate of spontaneously voided excreta from a second group of 

birds. In this way an estimate of post-renal modification of ureteral 

urine by the hindgut is made. In addition, the intake-output balance of 

water, sodium, and potassium is calculated for the desert quail. 

In the third study, the composition (H2O, Na, K, and urate) 

and excretion rate of spontaneously voided excreta from normal birds is 

compared to that from cecaectomized birds. The effect of cecaectomy on 

both the intake-output balance of water, sodium, and potassium and on 

post-renal modification of urine in desert quail is evaluated. 

Use of the Desert Quail 

The desert quail was chosen as the bird to be used in these 

studies for a variety of reasons. Many aspects of renal function in 

desert quail have already been investigated in this laboratory thus 

providing a valuable background of data and technical information. In 

addition, these animals are easily obtained and facilities for 

maintaining them are readily available. 

Since, in the wild, desert quail subsist on a diet low in sodium 

(Gorsuch 19-34) and with little or no drinking water (Vorhies 1928 and 

Lowe 1955), reabsorption of sodium and water from urine entering the 
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hindgut may be an important aspect of their salt and water homeostasis. 

Therefore, use of this bird likely would give a good indication of the 

maximum importance of post-renal modification of urine during conditions 

of normal hydration for birds in general. In addition, because desert 

quail have relatively large ceca (as do all gallinaceous birds), the 

role of the ceca in salt and water balance and in post-renal 

modification of urine could be relatively important. 



CHAPTER 4 

RENAL EXCRETION OF URATE, SODIUM, AND POTASSIUM 
IN UNANESTHETIZED, UNINFUSED DESERT QUAIL 

Introduction 

In birds, renal excretion of cations may in part depend on 

excretion of uric acid, the primary end product of nitrogen metabolism. 

The cations associated with uric acid in the ureteral urine of birds are 

sodium and potassium, and to a lesser extent calcium and magnesium 

(McNabb et al. 1973 and McNabb and McNabb 1977). 

Coprecipitation of cations with uric acid may be a means of 

excreting excess ions or simply an incidental part of the precipitation 

process itself. In some circumstances the amount of cation 

precipitation may exceed the amount that must be excreted to maintain 

balance. In particular, sodium bound with uric acid precipitates in the 

ureteral urine of starlings was reported by Braun (1978) to make up 98% 

of the total found in the urine. This is clearly more than must be 

excreted. If all this bound sodium were normally excreted with the 

droppings, the starlings would have become sodium depleted. Desert 

quail subsist on a diet low in sodium and must therefore excrete only 

small amounts of sodium in the final droppings. If sodium 

coprecipitation in ureteral urine is extensive, post-renal mechanisms 

must exist which help maintain sodium balance. 
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The starlings in Braun's study were anesthetized and infused 

with a hypotonic mannitol solution to increase urine flow. This may 

have contributed to the unusually high sodium excretion rate in this 

condition. However, if high sodium trapping is normal in starlings, 

excess sodium in the ureteral urine may be reclaimed by post-renal 

mechanisms in the cloaca and lower intestines where the urine often 

refluxes (Akester et al. 1967) and sodium reabsorption can occur 

(Skadhauge 1967). 

The purpose of the present investigation was to determine in 

native (unanesthetized, uninfused, and normally hydrated) desert quail 

the extent to which sodium and potassium are coprecipitated with uric 

acid in the ureteral urine, and to establish normal parameters of renal 

function in this bird. In addition, other aspects of renal function 

were determined in an effort to evaluate the role of the cloaca and 

lower intestines in post-renal modification of ureteral urine. 

Materials and Methods 

Gambels' quail, Lophortyx gambelii, were used as experimental 

animals. The initial weight of the birds ranged from 135 to 180 g (mean 

weight: 153 g). The quail were trapped in the vicinity of Tucson, 

Arizona and housed in an outside aviary exposed to natural environmental 

conditions. In the aviary, all birds had free access to a commercial 

seed diet (see Table 3) and water. Birds brought to the laboratory were 

housed in individual, wire-bottom cages, each provided with food and 

water ad libitum. 



Table 3. Coirponents and composition o f  the diet. 

Components 
% by weight 

Composition 
% by weight 

Corn 10 Protein 11.4 

Millet ——— 35 Carbohydrate 67.9 

Milo 35 Fat 3.2 

Wheat 20 Water 9.0 

Nitrogen 1.8 

Sodium 0.035 

Potassium 0.41 
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The birds in this study were divided into three groups based on 

the time of urine collection (see Fig. 2). Urine collection periods 

were varied in an attempt to evaluate the effects of the experimental 

protocol on the production and composition of urine. In the first 

group, urine was collected on day 1 following arrival in the 

laboratory. Urine collections for the second and third groups were made 

just before and after the intake/output balance period on days 12 and 34 

respectively (Fig. 2). For Groups 2 and 3, Alzet osmotic minipumps 

(Model 1701, volume 170 fil) filled with inulin-^H (IpCi/pl, 

3 
H(methoxy)-inulin, New England Nuclear) were implanted into the 

abdominal cavity of each bird two days prior to the urine collection 

periods. This was accomplished using local anesthesia (2% Lidocaine 

HCl) with birds which were hooded and lightly restrained. A small 

incision was made in the lateral abdominal body wall, the filled osmotic 

minipump inserted, and the wound closed with sutures. 

Urine was collected into small rubber bags attached to a special 

canula sutured into the cloaca of each bird (see Fig. 3). The design of 

the canula allowed for the collection of ureteral urine uncontaminated 

with feces. Urine was obtained from each bird during 5 consecutive 5 

hour-long collection periods. During all urine collection periods, 

birds were kept unrestrained in individual cages with free access to 

food and water. Birds were disturbed only when urine collection bags 

were changed at 5 hour intervals. Plasma samples were obtained just 

before the second and fifth urine collection periods by veinipuncture of 

a brachial vein. 



Figure 2. Experimental protocol for urine collection and Intake-output 
balance periods. — For Groups 2 and 3, Alzet osmotic mlnlpumps contain
ing ^H-lnulln were surgically Implanted on days 10 and 32 respectively. 
Body weights are plotted as percentages of the Initial weight recorded 
on day zero. 



Group 1 

Group 2 

100 

75 

Group 3 

100 

75 

Urine 
Collection 

H H 

Implant 

• 
-fl 1— 

% initial 
body weight 

% initial 
body weight 

0 1 
-//- —T" 

10 

Urine 
Collection 

H \- • i l  

- I f  

—J— 

12 
i f  

Figure 2. Continued. Time 

Intake/output 
Balance 

Wl-

Intake/output Urine 
Balance Implant Collection 

I—r- * '—' H U i • 1 

-T 11 1 1 1 r 
20 30 32 34 36 

(days) 



69 

SCALE (cm) 
I  ^  1  c m  

0 2 4 

Figure 3. Drawing of the cloacal canula used to collect ureteral 
urine separate from feces. — The canula was made from a 2 ml poly
ethylene centrifuge tube. 
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Glomerular filtration rates were estimated as inulin clearances 

3 
using inulin- H administered at a constant rate of 1 fil/hour via the 

implanted Alzet osmotic minipumps. Urine samples were weighed and then 

centrifuged for 5 to 13 seconds at 11,500 rpm. Aliquots were then taken 

3 
of the liquid portion for determination of inulin- H, osmolality, uric 

acid, sodium, and potassium. The remaining whole urine sample was 

dissolved in 10 ml of a 0.5 Molar LiOH solution and aliquots immediately 

taken for uric acid, sodium, and potassium analysis. 

3 
The activities of inulin- H were determined in a liquid 

scintillation spectrometer (Searle Analytic 81). The scintillation 

solution was the same as that used by Braun (1978). To keep proteins in 

solution, the plasma samples were mixed with 0.5 ml of Hyamine hydroxide 

prior to the addition of 10 ml of scintillation fluid. Total osmolality 

of plasma and urine samples was determined with a Wescor vapor pressure 

osmometer (Wescor, Inc., Logan, Utah). Plasma and urine sodium and 

potassium concentrations were determined with a Baird-Atomic KY-3 flame 

photometer with an internal lithium standard. Using the uricase 

digestion method of Dubbs et al. (1956) as modified for avian urine by 

McNabb and Poulson (1970), I measured uric acid concentrations with a 

Zeiss PMQ spectrophotometer at 292 nm. 

The calculation of GFR is based in part on the flow rate of 

liquid urine. Urine sample weights were corrected for uric acid content 

since most of the uric acid present in the urine is secreted rather than 

filtered. For this reason, the weight of uric acid in the sample (based 

on analysis for total uric acid) was subtracted from the weight of the 

whole urine sample. The difference was presumed to be the volume of 



liquid urine (assuming a specific gravity of 1). Calculation of the 

amounts of sodium and potassium trapped with urate precipitates in 

ureteral urine was based on comparison of the ion content of the liquid 

portion with that of the whole urine sample dissolved in 0.5 M LiOH. 

The amounts of sodium and potassium trapped were presumed to be the 

differences between the total amounts in the whole urine sample 

(dissolved in 10 ml of 0.5 m LiOH) and the amounts in the liquid portion 

of the urine sample. The volume of the liquid portion of the urine 

sample was corrected for loss of volume from aliquots taken for analysis 

of the supernatant fraction. 

Results 

The experimental protocol is described in Figure 2 along with 

the relative changes in body weight which occurred during the course of 

this study. The stress related to the initial adjustment period and the 

urine collection period caused about a 15% decrease in body weight. 

However, based upon general appearance, food and water consumption, and 

excretion of well formed stools, the birds appeared to be in good health 

throughout the study. Birds which exhibited diarrhea and/or extreme 

loss of body weight were not used in the studies. 

The patterns for urine flow, osmolality, and total urate, 

sodium, and potassium contents of the whole urine collected during the 

25 hour collection period for Group 1 are shown in Figure 4. Urine flow 

rate progressively decreased from 47 to 35 ml/kg.day during the 25 hour 

period. This was accompanied by a concomittant increase in both urine 

osmolality (from 499 to 630 mOsm/liter) and urate concentration (from 53 
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Figure 4. Relative flow rate, osmolality, urate, sodium, and 
potassium concentrations of ureteral urine plotted as percents 
of the first 5-hour value. — Data are for native desert quail 
(Group 1, n = 9 birds). 



to a high of 99 mg/g). The sodium and potassium concentrations of the 

urine showed no consistent pattern during this 25 hour collection 

period. For Groups 2 and 3, the patterns for GFR, urine flow rate, U/P 

inulin concentration ratio, and total urate, sodium and potassium 

content of whole urine are shown in Figures 5a and b. The GFR's and 

urine flow rates in both groups showed no consistent pattern, and in 

general fluctuated about a rather constant level (average GFR is 1.27 

ml/kg.min and average urine flow rate is 37 ml/kg.day). However, 

throughout the collection period the total urate content of the whole 

urine again showed a progressive increase from 74 to a high of 109 mg/g 

for Group 2 and from 40 to a high of 74 mg/g for Group 3. In addition, 

for Group 2 a progressive decrease from 1.26 to 0.92 mg/g in sodium 

concentration was accompanied by a progressive decrease from 102 to 58 

in U/P inulin concentration ratio. Other parameters showed no 

consistent pattern of change during this 25 hour urine collection 

period. That urine excretion rates are not different among these three 

groups is shown in Table 4. The variation within any group is greater 

than the variation between groups. Under these conditions the average 

urine flow rate was 39 g/kg.day and ranged from 20 to 68 g/kg.day. 

In Table 5 the mean GFR's, U/P inulin concentration ratios, and 

% water reabsorption for each of the birds in Groups 2 and 3 are shown. 

The mean GFR for birds from Group 2 (1.58 ml/kg.min) is significantly 

greater (P<0.05) than that for birds from Group 3 (1.00 ml/kg.min). No 

difference between the average U/P inulin concentration ratios was seen 

(P>0.05). In this study the unanesthetized, uninfused desert quail 

(Groups 2 and 3) had an overall mean GFR of 1.27 ml/kg.min with a range 



Figure 5a. Relative glomerular filtration rate, urine flow rate, 
U/P Inulln concentration ratio, urate, sodium, and potassium 
concentrations of ureteral urine plotted as percents of the first 
5-hour value. — Values are means for 5 birds from Group 2, 
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Figure 5b. Relative glomerular filtration rate, urine flow rate, 
U/P Inulln concentration ratio, urate, sodium, and potassium con
centrations of ureteral urine plotted as percents of the first 
5-hour value. — Values are means for 5 birds from Group 3. 
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Table 4. Urine excretion rate in unanesthetized, uninfused desert 
quail. 

Group 1 Group 2 Group 3 

Bird # V* Bird # V* Bird # V* 

10 61 20 49 (4) 25 25 

11 55 21 68 26 48 (4) 

12 22 (2) 22 30 27 20 

13 54 (4) 23 32 (3) 28 39 

15 30 24 26 29 35 

16 32 X + S.D. 41 + 17 X + S.D. 33 + 11 

17 56 

18 26 (4) 

19 29 

X + S.D. 41 + 16 (9) 

Grand Mean (X + S.D.) 39 + 15 (19) 

Range 20 - 68 

V* = urine excretion rate ( g/kg.day ) 

Note: n = the number of clearance periods and is 5 unless noted in () 



77 

Table 5. GFR, Inulin U/P concentration ratio, and % H2O reabsorbed 
for individual birds from Groups 2 and 3. 

H2O 
Group Bird GFR Inulin U/P Reabsorbed 
No. No. (ml/kg.min) Cone. Ratio (%) 

2 20 (4) 1.30 + 0.18 46 + 13 97.8 

21 (4) 2.23 + 0.13 55 + 20 98.2 

22 1.39 + 0.28 78 + 31 98.7 

23 (3) 1.15 + 0.25 59 + 26 98.3 

24 1.72 + 0.28 111 + 34 99.1 

Group 2 X (21) 1.58 + 0.43 70 98.4 

3 25 0.83 + 0.11 55 + 13 98.2 

26 (4) 1.46 + 0.55 35 + 14 97.1 

27 0.83 + 0.36 63 + 15 98.4 

28 1.03 + 0.33 43 + 15 97.7 

28 0.92 + 0.22 45 + 20 97.8 

Group 3 X (24) 1.00 + 0.38 48 97.8 

Grand X (45) 1.27 + 0.49 59 98.1 

Range 0.47 - 2.35 

Note; Values are X + S.D., n = 5 for all determinations unless noted 
in 0 



of values from 0.47 to 2.35 ml/kg.min. Based on these GFR values and on 

the mean sodium and potassium contents of plasma (124.4 and 4.3 meq/1 

respectively, see Table 6), average filtered loads of 5,255 and 358 

mg/kg.day for sodium and potassium were estimated for the desert quail 

used in this study. Table 7 shows a comparison of the filtered loads of 

water, sodium, and potassium to the amounts of each excreted in the 

urine. It was found that of the total amounts filtered, an average net 

reabsorption of 98% of the water, 99.4% of the sodium, and 42% of the 

potassium occurred. 

The composition of whole urine from birds in the three groups in 

this study is given in Table 8. Considering the degree of variation 

among birds (standard deviations given), no significant differences (P> 

0.05) are seen between any two of the groups. On the average, whole 

ureteral urine from unanesthetized, uninfused desert quail was 93% water 

(range 84 to 99) and contained 74 mg/g urate (range 10 to 165), 1.0 mg/g 

sodium (range 0.3 to 2.7), and 5.3 mg/g potassium (range 0.8 to 13.8). 

The composition of the supernatant fraction of ureteral urine is 

shown in Table 9 for each of the birds in Group 1. No significant 

differences (P > 0.05) are seen among birds for any of the parameters 

determined. In these birds, supernatant urine had a urate concentration 

of 75 mg/100 ml, osmolality of 591 mOsm/1, sodium concentration of 48 

meq/1, and potassium concentration of 73 meq/1. The composition of 

whole urine (both supernatant and precipitated fractions) for the birds 

in Group 1 is given in Table 10. No significant differences among birds 

(P > 0.05) are evident. The urate concentration was 81 mg/g (or 8100 

mg/100 g) which is more than 100 times greater than for the supernatant 
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Table 6. The composition of plasma from desert quail. 

Osmolality Na K 
(mOsm/kg H2O) (meq/1) (meq/1) 

335.4 124.4 4.3 
+ 19.3 + 5.1 + 0.8 

(7) (5) (5) 

Note: All values are X + S.D. (n = number of samples) 
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Table 7. Reabsorption of filtered plasma constituents based on 
total urine analysis for unanesthetized, uninfused desert 
quail. 

Water Na K 
(ml/kg.min) (mg/kg.d) (mg/kg.d) 

Amt. Filtered 1.28 + 0.54(45) 5255 + 208(45) 358 + 13(45) 

Amt. Excreted .0275 + .0176(46) 30.2 + 14.9(45) 207.8 + 95.3(44) 

% Reabsorbed 98 99.4 42 

% Excreted 2 0.6 58 

Note; Values are X S.D. (n = number of samples) 
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Table 8. Composition of whole ureteral urine from unanesthetized, 
uninfused desert quail. 

Group 
No. 

(n) 

Water 
(%) 

Uric Acid 
(mg/g) 

Na 
(mg/g) 

K 
(mg/g) 

1 (40) 93 + 4 77 + 35 1.1 + 0.6 4.4 + 2.4 

2 (22) 92 + 4 85 + 42 1.1 + 0.4 6.3 + 3.3 

3 (24) 93 + 4 59 + 30 0.6 + 0.3 6.0 + 2.9 

(86) 93 + 4 74 + 37 1.0 + 0.5 5.3 + 2.9 

Range 84 - 99 10 - 165 0.3 - 2.7 0.8 - 13.J 

Note: All values are X + S.D. (n =• number of samples) 
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Table 9. Composition of the supernatant fraction of ureteral urine 
for birds from Group 1. 

Bird No. 
Uric Acid 
Cmg/ml) 

Osmolality 
(mOsm/kg H2O) 

Na 
(meq/1) 

K 
(meq/1) 

15 0.79 + 0.25 512 + 111 48 + 15 61 + 18 

16 0.81 + 0.18 597 + 96 52 + 31 70 + 36 

17 0.51 + 0.09 610 + 42 42 + 14 48 + 19 (4) 

18 0.79 + 0.16 675 + 36 79 + 26 (4) 123 + 18 (4) 

19 0.86 + 0.25 561 ± 36 25 + 8 68 + 36 

0.75 + 0.22 591 + 86 48 + 25 73 + 35 

(24) (25) (24) (23) 

' • ' ' ̂ 11 • • II I .1 • • 11 II • • I • I I • II • • • II I II i»ii» ..ii • • 

Note: All values are X ̂  S.D.; n = 5 samples unless noted in () 



Table 10. C0iiq>03iti0n of whole ureteral urine for birds from Group 1. 

Uric Acid Na K 
Bird No. (mg/g) (meq/kg) (meq/kg) 

15 74 + 33 51 + 16 74 + 62 

16 79 + 35 54 + 25 92 + 49 

17 40 + 15 46 + 15 62 + 43 (4) 

18 120 + 30 (4) 98 + 29 (4) 189 + 47 (4) 

19 101 + 31 50 + 13 126 + 67 

81 + 38 (24) 58 + 26 (24) 107 + 62 (23) 

Note: All values are X S.D.; n = 5 samples unless noted in () 



fraction alone. The sodium and potassium concentrations of whole urine 

were 58 and 107 meq/kg urine respectively. 

The distribution of urate between the liquid and solid portions 

of ureteral urine is shown in Table 11. Urine samples centrifuged for 13 

seconds or longer had an average of 75 mg% urate in the liquid portion. 

Of the total urate in whole urine, 99% was in the solid portion. Urine 

samples which were not centrifuged had more than 10 times as much urate 

(960 mg%) in the liquid portion. Only 89% of the total urate was in the 

solid portion of the urine of uncentrifuged samples. The partitioning 

of sodium and potassium between the liquid and solid portions of 

ureteral urine is given in Table 12. On the average, 19% of the sodium 

and 34% of the potassium found in ureteral urine are associated with the 

solid portion of the urine. However, a wide range of values is seen 

between all samples collected in this study (from 0 to 69% of the total 

is precipitated for both sodiim and potassium). Figure 6, which is 

derived from Tables 11 and 12, shows the amounts of urate, sodium, and 

potassium excreted in whole urine and how each is partitioned between 

the liquid and solid fractions of the urine. On the average, the 

percent of the filtered loads of sodium and potassium which were trapped 

with urate precipitates in the urine of these birds was 0.12 and 21.0% 

respectively (Table 13). These values are calculated from average 

values given in Tables 5 and 8. 

Discussion 

Desert quail adapt well to captivity, however, they do not 

become tame and some do not tolerate the stress of constant handling. 



Table 11. Urate content of liquid and solid portions of ureteral 
urine centrifuged for various times. Birds from Group 1. 

Centrifuge Supernatant Portion Total Urate 

Time Urate Concentration* % Precipitated 
(seconds) (mg/100 ml) in Whole Urine 

0 960 + 161 (3) ^ 89 

5 175 + 86 (13) 97 

15 or more 75 + 24 (24) 99 

Note: Values are X + S.D. (n = number of samples) 

* @ room temperature, 220C 



Table 12. Distribution of Na and K in ureteral urine from desert quail. 

Na K 
Group 
No. (n) Amount in % Amount in % 

Whole Urine (mg/g) PPT. Whole Urine (mg/g) PPT. 

1 (39) 1.1 + 0.6 22.2 + 19.9 4.4 + 2.4 32.4 + 17.5 

2 (22) 1.1 + 0.4 14.2 + 12.5 6.3 + 3.3 41.1 + 10.4 

3 (24) 0.6 + 0.3 16.5 + 11.0 6.0 + 2.9 30.7 + 10.0 

Composite X (85) 1.0 + 0.5 18.5 + 15.8 5.3 + 2.8 34.2 + 13.9 

Range 0.2 - 2.8 0 - 69 0.8 - 13.8 0 - 69 

Note: n = total number of samples; values are X + S.D. 

* precipitated 

00 
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Table 13. Urate concentration and percent filtered loads of Na 
and K trapped within urate precipitates in ureteral 
urine from desert quail. 

Urate Concentration 
(mg/g) 

Na 
(% Trapped) 

K 
(% Trapped) 

Group 1 * 77 0.13 16 

Group 2 85 0.13 23 

Group 3 59 0.09 28 

74 0.12 21 

* Assume an average GFR equal to that of Group 2 ( 1.58 ml/Kg.min) 



since the aim of this study was to characterize renal function and 

excretion of various substances in the urine of desert quail in the 

"native state" (unanesthetized, uninfused, and normally hydrated), it 

was important to evaluate what effect the experimental procedures had on 

the various parameters of renal function studied. As shown in Figure 2, 

during the initial adjustment period to the laboratory the effect on the 

body weights of these birds was minimal. However, as indicated in Group 

2, an average of 15% loss in body weight occurred during and immediately 

after the 25 hour urine collection period. During the period when food 

and water intake and feces output were monitored, the birds from Group 3 

experienced only a 5% weight loss while those from Group 2, which had 

previously lost weight due to the urine collection procedure, gained 

weight during this intake-output balance period. 

Comparison of the urine flow rates (Table 4) and water, urate, 

sodium, and potassium concentrations of whole ureteral urine (Table 8) 

from all birds show no significant differences between the three 

groups. Based on these findings, it is concluded that urine production 

and excretion rates of water, urate, sodium, and potassium were not 

significantly affected by the conditions of these experiments. This was 

not true for the measured GFR's, however. As shown in Table 5, Group 3 

birds had a significantly (P < 0.05) lower GFR than birds from Group 2 

(1.00 ml/kg.min compared to 1.58 ml/kg.min). This may reflect some 

physiological adjustment on the part of Group 3 birds to both the longer 

acclimation period and the stress of the intake-output balance period. 

Group 3 birds averaged about a 10% loss in body weight prior to the 

urine collection period (Fig. 2), and even though drinking water was 
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provided ̂  libitum, they may have been dehydrated somewhat. Urine 

production (Table 4) for birds in Group 3 was likewise lower than for 

birds in Group 2 (33 g/kg.day compared to 41 g/kg.day) but, as already 

stated, was not significantly different (P > 0.05). 

During the 25 hour urine collection periods, no consistent 

differences for all 3 groups of birds were seen in any of the parameters 

measured from one five hour period to the next (see Figs. 4 and 5a 

and b). However, during the 25 hour urine collection period for Group 1 

a progressive decrease in urine flow rate was accompanied by a 

progressive increase in osmolality (Fig. 4). Urine flow rates for birds 

in Groups 2 and 3 did not exhibit this pattern (Figs. 5a and b). In 

addition, the U/P inulin concentration ratios showed either no 

consistent pattern (Group 3), or tended to decrease (Group 2), in 

contrast to the increase in urine osmolality seen for Group 1. Even 

though U/P inulin concentration ratios and urine osmolalities cannot be 

directly compared, to be consistent both should increase. These 

differences between birds from Group 1 and birds from Groups 2 and 3 may 

be explained on the basis of eating and drinking habits. In contrast to 

birds from Groups 2 and 3 which were acclimated to the laboratory and 

consumed both food and water during the 25 hour urine collection period, 

Group 1 birds were not observed to eat or drink during this period. 

Sturkie and Joiner (1959 a and b) have reported that the 

presence of a cloacal canula will cause a tei]q>orary diuresis and reduced 

intake of food and water in chickens. In the present study the urine 

collection periods were purposely long (5 hours) in an attempt to 

compensate for the initial diuresis reported by McNabb and Poulson 
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(1970) to occur during the first hour after cloacal canulation. 

Nevertheless, in most of the birds studied, the highest urine flow rates 

occurred during the first 5 hour collection period (see Appendix B). 

However, the differences between any of the 5-hour periods were small 

and it is concluded on the basis of these findings that all parameters 

determined in this study closely represent average values for native 

desert quail. 

In the present study unanesthetized, uninfused, normally 

hydrated desert qtiail (Group 3) had a mean GFR of 1.58 ml/kg.min and a 

mean urine flow rate of 0.0283 ml/kg.min (40.7 g/kg.day). Desert quail 

studied under conditions of anesthesia and constant mannitol infusion 

were reported by Braun and Dantzler (1972) to have a GFR of 1.76 

ml/kg.min and a urine flow rate of 0.372 ml/kg.min (536 g/kg.day). A 

comparison of GFR and urine flow rates determined for desert quail under 

different conditions is shown in Table 14. The constant mannitol 

infusion in anesthetized birds increased urine flow rates more than 10 

fold over those seen in the present study. An even more striking 

difference in GFR is seen for the birds in this study presumed to be 

moderately dehydrated (Group 2). The mean GFR for these birds was 1.00 

ml/kg.min and is less than half the average value for the anesthetized, 

infused birds reported in Table 14. Based on the results of this study, 

it is concluded that the GFR of native desert quail is on the order of 

1.6 ml/kg.min and that the combined effects of anesthesia, slight water 

loading and volume expansion, and osmotic diuresis cause a 30% increase 

in GFR of desert quail. 
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Table 14. GFR and Urine Flow Rate for desert quail which were 
subjected to different experimental conditions. 

Reference 
GFR Urine Flow Rate 

Conditions (ml/kg.min) (g/kg.day) 

Braun & Dantzler 
(1972) 

1) Equi-thesin 
anesthesia 

2) Constant infusion 
mannitol diuresis 

1.76 535.7 

Braun & Dantzler 
(1974) 

1) Equi-thesin 
anesthesia 

2) Constant infusion 
mannitol diuresis 2.05 524.2 

3) AVT infusion 

Braun (1976) 1) Equi-thesin 
anesthesia 

2) Constant infusion 
mannitol diuresis 

2.87 668.2 

Braun (1978) 1) Equi-thesin 
anesthesia 

2) Constant infusion 
mannitol diuresis 

1.85 544.3 

Present 
Study* 

Unanesthetized 
Uninfused 
- Normal hydration 1.58 + 0.43 

(21)  
40.7 + 19.1 

(22) 

- Moderate dehydration 1.00 + 0.38 
(24) 

32.2 + 13.8 
(23) 

* Values are X S.D. (n = number of samples) 
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Based on the values in Table 6 and on the individual GFR's for 

each sample period, the filtered loads of water, sodium, and potassium 

were determined for the desert quail (Table 7). These values are 

similar to those for the domestic fowl (Sturkie 1976). However, net 

reabsorption of potassium is quite variable since, in addition to being 

filtered and reabsorbed, it is also secreted (Orloff and Davidson 

1956). Filtered potassixmi is entirely reabsorbed from the urine of 

birds when mercurial diuretics inhibit its secretion. Thus, the level 

of potassium excreted in the urine depends primarily on its rate of 

secretion rather than on filtration and reabsorption. 

The partitioning of urate, sodium, and potassitom between the 

liquid and solid portions of ureteral urine was done by comparing their 

concentrations in supernatant and whole urine. As evidenced by the 

range of values and standard deviations of the means (except for the 

water content) there is considerable variability in the composition of 

the various urine samples (see Appendix B). McNabb et al. (1973) 

compared urate, sodium, and potassium concentrations of both the 

supernatant and precipitated fractions of urine from chickens given 

either high or low protein diets and either tap water or saline to 

drink. In their study, urate concentrations in the supernatant fraction 

(urine samples collected via a cloacal canula and centrifuged to 

separate supernatant and precipitate fractions) ranged from a low of 100 

mg/100 ml to a high of 260 mg/100 ml. This compares to an average value 

of only 75 mg/100 ml found in the present study for desert quail. This 

apparent difference in urate content of the supernatant urine may 

reflect a greater stability for colloidal urate in the urine of the 



chicken compared to that of desert quail. However, one important 

consideration must be taken into account. As shown in Table 11, the 

measured urate content of the supernatant fraction of ureteral urine 

from desert quail is dependant on the amount of centrifugation. 

Compared to the average value of 75 mg/100 ml when centrifuged for more 

than 15 seconds, samples centrifuged for only 5 seconds had an average 

supernatant urate content of 175 mg/100 ml which is within the range 

(100 to 260 mg/100 ml) reported by McNabb et al. (1973) . Furthermore, 

samples not centrifuged had an average of 960 mg/100 ml, considerably 

higher than that reported for the chicken. The extent to which urine 

samples were centrifuged in the study by McNabb et al. (1973) was not 

reported. It is concluded from the present study that average urate 

solubility (at room temperature) in the supernatant urine from native 

desert quail is on the order of 75 mg/100 ml. 

In contrast to the supernatant urine, the whole urine of desert 

quail had considerably more total urate than did whole urine from 

chickens. McNabb et al. (1973) found the total urate content of whole 

urine ranged from 6.2 mg/ml to 16.3 mg/ml while in the present study an 

average of 81 mg/ml was found for desert quail (Table 10). Two reasons 

for this difference are evident. First, the chickens were fasted 18 to 

20 hours prior to the urine collection period, whereas the desert quail 

had food ad libitum for the entire time before and during the urine 

collection period. Secondly, in the study by McNabb et al. (1973) urine 

was collected for 4 consecutive 15 minute periods beginning immediately 

after cloacal canulation. A reflex diuresis which would contribute to 

lower urate concentrations in whole urine may have occurred during this 



hour-long urine collection period. The value for desert quail on the 

other hand is an average value over a 25 hour collection period. 

Further comparison shows the average concentrations of both sodium and 

potassium in both the supernatant and whole urine fractions collected 

from desert quail are within the ranges of values reported for the 

chickens. 

McNabb (1974) reported that as total urate concentrations in 

bird urine increase, larger proportions of urate are present as an 

insoluble precipitate. According to his findings, from concentrations 

of 10 to 24 mg/g (urine), about 93 to 97% of the total urates in whole 

urine were precipitated. In the present study, total urate in whole 

urine averaged 81 mg/g which is well above the highest value of 24 mg/g 

reported by McNabb (1974). Accordingly, precipitated urate accounted 

for 99% of the total urate found in whole urine of native desert quail. 

Sodium and potassium also are distributed between the liquid and 

solid portions of ureteral urine. In the present study an average of 

about 19% of the total sodium and 34% of the total potassium in whole 

urine were precipitated with urates. However, the range of values is 

quite large, from 0 to 69% of the total sodium and potassium were found 

to be precipitated. In addition, no consistent patterns for the amounts 

precipitated were seen for particular birds or groups of birds used in 

the present study (see Appendix B). McNabb et al. (1973) reported 

averages of 43% of the total sodium and 23% of the total potassium are 

precipitated with urates in the whole urine of chickens fed a low 

protein diet and given tap water to drink (desert quail also received a 

coiiq>arably low protein diet and tap water to drink). A lower sodium 



sodium content of the diet given to desert quail may have contributed to 

the difference in sodium trapping (19% for desert quail and 43% for the 

chicken). Desert quail normally subsist on a diet low in sodium 

(Gorsuch 1934) and were given a seed diet without supplemental sodium. 

This is in contrast to the chickens which reportedly received a 

veterinary vitamin-mineral supplement, probably containing additional 

NaCl. The increased dietary intake and associated steady-state loss may 

contribute to greater trapping with urates. 

Braun (1978) reported that large amounts of sodium are 

precipitated with urates in the urine of starlings. For control birds, 

an average of about 98% of the total sodium excreted in ureteral urine 

was precipitated. This reportedly amounted to about 37% of the filtered 

load of sodium. Starlings in that study were anesthetized and infused 

with a 2.5% mannitol solution to produce an osmotic diuresis. The 

average urate concentration of the urine was 9.8 mg/ml. In contrast to 

these findings for starlings, desert quail in the present study had only 

0.12% of the filtered load of sodium precipitated with urates. This 

amounts to 500 times less sodium trapped in the urine of desert quail 

even though the uric acid concentration is more than 7 times greater (74 

mg/ml in desert quail compared to 9.8 mg/ml in starlings). Because the 

starlings were experiencing an osmotic diuresis induced by the mannitol 

infusion, their urine flow rates were increased (275 ml/kg.day compared 

to 39 ml/kg.day in the desert quail) and the urate concentrations of the 

urine thus proportionately decreased. The calculated urate excretion 

rates were nearly the same, 2.69 g/kg.day for the starlings and 2.89 

g/kg.day for the desert quail. However, a large difference in sodium 
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excretion rates was seen, 6,050 mg/kg.day for the starlings and only 43 

mg/kg.day for the desert quail. The amounts of sodium lost only in the 

supernatant portions of the urine were similar, especially considering 

the osmotic diuresis induced in the starlings (38 mg/kg.day for the 

desert quail and 91 mg/kg.day for the starlings). But the large 

difference in sodium trapping by urates remains unexplained. It is 

concluded on the basis of the present study that sodium trapping within 

urate precipitates in ureteral urine from native desert quail does not 

pose a threat to sodium homeostasis in these birds. 

In general no relationship between the amount of sodium 

precipitated in the urine and the amount of urate in the urine was 

seen. However, for potassium a significant relationship does exist, as 

shown in Figure 7. The percent of the filtered load of sodium which is 

precipitated with urates (lower figure) showed no correlation with the 

total amount of urate present in the final urine. Rather, the sodium 

trapping was rather constant (from 0.1 to 1.0% of the filtered load) 

over the range of urate concentrations seen (from 11 to 148 mg/g). 

However, for potassium a significant correlation at the P < 0.05 level 

is seen (upper figure). This becomes even more obvious when comparing 

the absolute amounts of sodium and potassium precipitated in the urine. 

In Figure 8 the absolute amount (in mMoles) of sodium (lower figure) or 

potassium (upper figure) trapped with urates in a given urine sample is 

plotted against the absolute amount (in mMoles) of urate precipitated in 

the same sample. The amount of sodium trapped with urates is generally 

rather constant (averaging 0.015 mM sodium per sample), while the urate 

content varied considerably (from about 0.05 to almost 1.5 mM 
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precipitated per sample). On the other hand, for potassium, a 

significant correlation at the P < 0.01 level is seen for the amount of 

potassium trapped relative to the total amount of urate precipitated in 

the urine. These findings are consistent with the general idea that 

urate precipitation occurs primarily in the more distal portions of the 

renal tubular system, the collecting ducts and ureters. Here, potassium 

is relatively abundant and sodium relatively scarce. If significant 

precipitation of urate occurred in the proximal portions of the renal 

tubules, larger amounts of sodium might be expected to be precipitated. 

The chemical form of these precipitates in the urine of native 

desert quail is not knoxra. But because the molar ratios of sodium and 

potassium to urate are consistently less than one (see Figure 8), all 

the urate cannot be in the form of monobasic salts of sodium and 

potassium. This is in contrast to the findings of McNabb et al. (1973) 

who found molar ratios greater than one in chickens. However, it is in 

agreement with Lonsdale and Sutor (1971), McNabb (1974), and McNabb and 

McNabb (1977) who reported that in spite of the abundance of sodium and 

potassium in the precipitates, little if any urate in the urine of birds 

is in the form of monobasic salts of sodium or potassium. Uric acid 

dihydrate was found to be the predominant form of urate in urine 

(Lonsdale and Sutor 1971), and sodium and potassium were thought to be 

trapped between layers of uric acid dihydrate (McNabb 1974 and McNabb 

and McNabb 1977). 

Based on the present study, this also may be the case for native 

desert quail. Certainly monobasic urate salts of sodium and potassium 

are not the predominant form of urates in the urine of these birds since 
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the molar ratios of sodiisn and potassium are considerably less than 

unity. In addition, the amount of sodium trapping may depend more on 

the amount available during precipitation than on its necessary presence 

to help form urate precipitates. In the case of desert quail, sodium 

must be conserved rather than be excreted and thus little sodium is 

trapped with urate precipitates in the urine. 



CHAPTER 5 

MODIFICATION OF URETERAL URINE BY THE 
CLOACA AND LOWER INTESTINES OF DESERT QUAIL 

Introduction 

In birds, the composition of ureteral urine formed by the kidney 

is modified during its passage into the cloaca and lower intestines. 

Retrograde movement of urine into the gut was mentioned first by Wiener 

(1902) and since then has been demonstrated by a number of other workers 

(Koike and McFarland 1966; Akester et al. 1967; Folin et al. 1967; 

Nechay et al. 1968; and Ohmart et al. 1970). Skadhauge (1967) clearly 

has shown that salts and water can be reabsorbed from solutions perfused 

into the lower intestines of the domestic fowl. The actual importance 

of post-renal reabsorption in birds has been controversial since the 

time of Wiener (1902), with some workers reporting that large amounts of 

water are reabsorbed from the urine (Sharpe 1912; Korr 1938; and Dicker 

and Haslam 1972), while others reported that little or no reabsorption 

normally occurs (Hart and Essex 1942; Dixon 1958; and Nechay and 

Lutherer 1968). Based on in vivo perfusion studies of the cloaca and 

lower intestines from dehydrated or salt depleted birds (see review by 

Skadhauge 1976), it was estimated that 10 to 15% of the water and over 

60% of the sodium chloride are reclaimed from the urine. 

102 
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It is difficult to compare the above studies because of 

differences in the methods employed. These included variations in 

anesthesia, infusion of fluids, and urine collection methods which all 

may contribute to unusually high urine flow rates. Since estimates of 

post-renal reabsorption depend on estimates of urine flow rate, 

differences in urine flow rates caused by variations in experimental 

methods make comparisons difficult. 

The purpose of the present investigation was to determine the 

role of the cloaca and lower intestines in post-renal modification of 

ureteral urine from native (unanesthetized, uninfused, and normally 

hydrated) desert quail. Since these birds normally subsist on a diet 

limited in both water and sodium, it is hypothesized that post-renal 

reabsorption of these substances may be an important aspect of their 

steady-state water and electrolyte balance. 

Materials and Methods 

Gambel's quail, Lophortyx gambelii, were used as experimental 

animals. The initial weight of the birds ranged from 142 to 172 g (mean 

weight: 152 g). Quail were trapped in the vicinity of Tucson, Arizona 

and housed initially in an outside aviary exposed to natural 

environmental conditions. All birds had free access to a commercial 

seed diet (see Table 15) and water. Birds brought to the laboratory 

were housed in individual, wire-bottom cages each provided with food and 

water ad libitum. 

The birds in this study were divided into two groups based on 

the time of urine collection (see Fig. 9). These two groups were also 



Table 15. Components and composition of the diet. 
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Components 
% by weight 

Composition 
% by weight 

Corn 10 Protein 11.4 

Millet 35 Carbohydrate 67.9 

Milo ~ 35 Fat 3.2 

Wheat 20 Water 9.0 

Nitrogen 1.8 

Sodium 0.035 

Potassium —• 0.41 
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part of an earlier study and for the sake of consistency will continue 

to be referred to as Groups 2 and 3. As can be seen in Figure 9, urine 

was collected from Group 2 prior to the intake-output balance period and 

from Group 3 just after this period. For the purpose of measuring GFR, 

3 
Alzet osmotic minipumps, filled with a solution of inulin-* H 

(1 pCi/pl) were implanted into the abdominal cavity of each bird two 

days prior to the urine collection periods. This was accomplished using 

local anesthesia (2% Lidocaine HCl), with birds which were hooded and 

lightly restrained. A small incision was made in the lateral abdominal 

body wall, the filled osmotic minipump inserted, and the wound closed 

with sutures. 

Urine was collected into small rubber bags attached to a special 

canula fitted into the cloaca of each bird (see Fig. 3). Its design 

allowed for the collection of ureteral urine uncontaminated with feces. 

Urine was obtained from each bird during 5 consecutive 5 hour-long 

collection periods. During all urine collection periods, birds were 

kept unrestrained in their individual cages with free access to food and 

water. Birds were disturbed only when urine collection bags were 

changed at 5 hour intervals. Plasma samples were obtained just before 

the second and fifth urine collection periods by veinipuncture of a 

brachial vein. 

During the period from day 20 through day 32 both Groups 2 and 3 

were monitored for food and water intake and excreta output. Food 

consumption was measured as the total consumed during the entire 12 day 

period. Any spilled food was collected and returned to the feeder. 

Water consumption was measured, using L-shaped drinking tubes, as the 
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averages for 4 consecutive 3 day periods. A small reservoir attached to 

the bottom of the L-shaped drinking tube minimized spillage. A 

correction was made for evaporative water loss from the reservoir. The 

entire output of feces was collected daily on foil placed beneath the 

wire-bottom cages. Careful separation of excreta and any spilled feed 

or shed feathers was done. The excreta were dried to constant weight at 

60°C. The dried excreta were then ground to a fine powder and a 100 

mg aliquot placed in 10 ml of a 0.5 molar LiOH solution. Upon 

dissolution, aliquots of this were immediately taken for uric acid, 

sodium, and potassium analysis. 

Determinations of the sodium and potassium concentrations of 

both the excreta and the urine were made with a Baird-Atomic KY-3 flame 

photometer with an internal lithium standard. Uric acid from both urine 

and excreta samples was analyzed using the uricase digestion method of 

Dubbs et al. (1956), as modified for avian urine by McNabb and Poulson 

(1970). Uric acid concentrations were measured with a Zeiss PMQ 

spectrophotometer at 292 nm. Water content of the excreta was 

3 
determined by isotopic dilution of water- H from samples collected 

under mineral oil just prior to the intake-output balance period (see 

Appendix A). 

Results 

The experimental protocol is described in Figure 9, along with 

the relative changes in body weight which occurred during the course of 

this study. The stress related to the initial adjustment period and to 

the urine collection period, caused about a 15% decrease in body 
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weight. However, based upon general appearance, food and water 

consumption, and excretion of well formed stools, the birds appeared to 

be in good health throughout the study. Birds that exhibited diarrhea 

and/or extreme loss of weight were not used in the study. 

The food intake and excreta output for desert quail are shown 

in Table 16. On a dry matter basis, Group 2 consumed about 45 g/kg.day 

of food and voided about 9 g/kg.day of excreta. Group 3 was not 

significantly different (P > 0.05) from Group 2 and consumed about 43 

g/kg.day of food and voided 6.4 g/kg.day of excreta. 

Comparison of the intake-output budget for water is shown in 

Table 17 for each of the two groups. Total water intake was greater for 

Group 2 (65 ml/kg.day) than for Group 3 (57 ml/kg.day) but the 

difference was not significant (P > 0.05). Water intake with food, and 

water derived metabolically from food, was approximately the same in 

both groups. The difference in total intake resulted from a difference 

in the amounts of water drunk. However, because drinking rates were 

quite variable from bird to bird and from day to day for any one bird 

(see Appendix B), no significant difference (P > 0.05) was seen. Output 

of water with the excreta was significantly (P < 0.01) greater for Group 

2 (35.6 ml/kg.day) than for Group 3 (25.6 ml/kg.day) (Table 17). Total 

water loss approximated total water intake for both groups. 

The sodium, potassium, and urate-nitrogen budgets for the two 

groups of desert quail are shown in Table 18. For none of these 

variables were any significant differences (P > 0.05) seen between the 

two groups. The average intakes of sodium, potassium, and nitrogen with 

the food were 16.8, 197, and 865 mg/kg.day respectively. This compared 
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Table 16. Intake of food and output of excreta for desert quail. 

Group 2 Group 3 

Food Intake 
(g/kg.d) 44.8 + 6.2 (4) 42.7 + 2.3 (5) 
dry aiatter 

Excreta Output 
(g/kg.d) 8.9 + 2.2 (13) 6.4 + 1.2 (13) 
dry matter 

Percent 
Utilized 80 85 

Note: Values are X S.D. (n = number of collection periods) 
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Table 17. Water budget for native desert quail. 

Group 2 Group 3 

H2O Intake 
(ml/kg.day) 

Drunk 
With Food 

^Metabolic 

39.3 + 30.5 (16) 
4.4 

21.2 

32.1 + 27.7 (20) 
4.2 

20.2 

Total 64.9 56.5 

H2O Output 
(ml/kg.day) 

^"I* With Excreta 35.6 + 8.8 (13) 25.6 _+ 4.8 (13) 
Evaporation 32.0 32.0 

Total 67.6 57.6 

* Based on calculated value of 0.472 (ml H20/g food) 

+ Based on average value of 80% H2O content of excreta 

++ Based on value from McNabb (1969) 

Note; Values are X + S.D. (n = number of determinations) 
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Table 18. Sodium, potassium, and nitrogen-urate budgets for 
unanesthetized, uninfused desert quail. 

Group 2 Group 3 

Intake (mg/kg.day) 
with Food 

Nitrogen 886 845 

Sodium 17.2 16.4 

Potassium 202 192 

Output (mg/kg.day) 
with Excreta 

Urate-Nitrogen 

Sodium 

Potassium 

% Intake Excreted 

332 + 108 215 + 115 

15.9 + 4.0 12.7 + 3.8 

199 + 49 157 + 40 

Nitrogen* 37 25 

Sodium 93 80 

Potassium 98 82 

* As urate nitrogen 

Note; Values are X + S.D. (n = number of samples and is 13) 
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to the average outputs in the excreta of 14.3, 178, and 274, mg/kg.day 

respectively. For sodium and potassium, the average ratios of intake to 

output were 1.19 and 1.12 respectively. Of the average total nitrogen 

intake, 31% was voided in the excreta as urate nitrogen (total nitrogen 

was not determined). 

The compositions of the spontaneously voided excreta, ureteral 

urine, and intestinal feces (uncontaminated with urine) are compared in 

Table 19. No significant differences (P > 0.05) between groups is seen 

for any of the variables determined. Based on the average compositions 

and excretion rates for excreta (droppings), urine, and feces, an 

estimate of the total amounts of H^O, Na, K, and urate entering the 

hindgut of desert quail with the urine and feces is compared to the 

total amounts leaving with the excreta (see Fig. 10 and Table 20). The 

difference between these is considered to be the amounts reabsorbed 

(H2O, Na, K) or degraded (urate) in the hindgut. An estimated 45% of 

the water, 62% of the sodium, and 49% of the potassium entering the 

hindgut is reabsorbed. For urate, an estimated 64% of the total 

excreted in the ureteral urine is degraded in the hindgut (Fig. 10). 

The contribution of the hindgut to reabsorption of filtered water, 

sodium, and potassium from ureteral urine is shown in Table 21. The 

fractions of water, sodium, and potassium reabsorbed from ureteral urine 

by the hindgut average 71, 72, and 81% respectively. 

Discussion 

To investigate the role of the hindgut in post-renal 

modification of urine, three criteria were considered. First, because 
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Table 19. Composition of excreta, ureteral urine, and feces from 
unanestheti?.ed, uninfused desert quail. 

Wet Weight Basis 
H2O Na K Urate 
(%) (mg/g) (mg/g) (mg/g) 

Excreta* 

(n 
(n 

13) 
13) 

Group 2 
Group 3 

81 
79 

7.7 + 0.9 
7.5 + 1.9 

98 + 18 
91 + 10 

529 + 81 
406 + 184 

Urine 

(n = 22) 
(n = 24) 

Group 2 
Group 3 

92 + 4 
93 + 4 

1.1 + 0.4 
0.6 + 0.3 

6 + 3 
6 + 3 

85 
59 

42 
30 

Feces+ 

(n = 3) Mean 75 + 2 2 .1  +  0 .6  60 + 14 

* Excreta collected during the Intake-Output balance period 

+ Feces (uncontaminated with urine) collected immediately following 
the urine collection period 

Note; Values are X +_ S.D. (n = number of samples) 
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Table 20. Post-renal reabsorption of sodium and potassium and 
post-renal degradation of uric acid in ureteral urine 
from native desert quail. 

H2O Na K Urate 

(ml/kg.d) (mg/kg.d) (mg/kg.d) (g/kg.d) 

Amount 
Entering 
Hindgut 

Urine (10) 35 + 14 32 + 13 201 + 67 2.5 + 

Feces (3) 20 + 5 5 + 1 134 + 35 0 

Total 55 37 335 2.5 

Amount 
Voided 

Excreta (9) 30 + 8 14 + 4 172 + 37 0.9 + 

Percent 
Reabsorbed 
or Degraded* 

45% 62% 49% 64% 

Note: Values are X + S.D. (n =• number of birds) 

* For urate only 



116 

Table 21. Post-renal changes in the composition of ureteral urine 
from native desert quail. 

Water 
(ml/kg.day) 

Sodium 
(mg/kg.day) 

Potassium 
(mg/kg.day) 

Ureteral Urine 35 32 201 

Excreta derived 
from Urine 10 9 38 

Percent 
Reabsorbed 75% 72% 81% 



117 

diurnal and experimentally induced variations occur in the rates of 

production and in the compositions of both the urine and the excreta, 

samples were collected continuously over a relatively long period of 

time. Urine collection periods lasted 25 hours and excreta were 

collected daily for 12 consecutive days (see Fig. 9). In this way 

reliable average values were obtained which were considered to be 

representative of the general conditions. Second, the birds were 

allowed to adjust to the experimental conditions and were in 

intake-output balance during the experimental period. This is important 

because, if the birds were experiencing a net gain or loss of water or 

salts during the experimental period, the steady-state contribution of 

the hindgut to post-renal modification of urine could not be evaluated. 

That the birds were in intake-output balance was reflected by the body 

weights, which were relatively stable after the initial adjustment 

period and during the intake-output balance period. The stress of the 

urine collection period caused a drop in body weight, but birds from 

Group 2 were allowed one week to stabilize before the intake-output 

balance period began. Urine from birds in Group 3 was collected after 

this intake-output balance period. Third, urine was collected from 

birds which were in the native state. As described in the previous 

study, the birds were acclimated to the laboratory, had continued free 

access to food and water, and were both unanesthetized and uninfused. 

In this way, urine collected from the birds was assumed to represent as 

nearly as possible the native urine, both in its composition and rate of 

production. 
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Dry matter intake with food averaged 43.8 g/kg.day for the birds 

reported in this study (Table 16). Output of dry matter in the excreta 

averaged 7.7 g/kg.day. Based on these figures, the digestibility of the 

seed diet (see Table 15) averaged 82%. This is a relatively high value 

for digestability of this type of diet (McDonald et al. 1973), and 

indicates the birds were in good health. 

The desert quail used in this study appeared to be in 

intake-output balance with respect to water, sodium, and potassium. 

Water consumption closely approximated water loss in both groups. 

However, drinking rates were highly variable between birds and from day 

to day for any one bird. This may have been due in part to the stress 

associated with captivity and disturbances associated with the 

experimental procedures. In contrast, water loss in the excreta was 

significantly greater (P < 0.01) for the birds in Group 2 (35.6 

ml/kg.day) than for the birds in Group 3 (25.6 ml/kg.day). This 

difference was accompanied by similar differences (even though not 

significantly different) in the drinking rates, 39.3 and 32.1 ml/kg.day 

for Groups 2 and 3, respectively. Since secondary water intake (from 

food) was the same for both groups, it is concluded that the increased 

excretory water loss in Group 3 was caused by an increased voluntary 

intake of water. 

The sodium and potassium budgets from Table 18 indicate a 

balance in sodium and potassium intake and output. 

It was calculated that 31% of the nitrogen intake was eliminated 

as urate nitrogen with the excreta (total nitrogen was not determined in 

this study). Urate nitrogen does, however, make up the bulk of the 
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nitrogen excreted in the urine. The excretion rate of urate nitrogen in 

the urine of the birds was 761 mg/kg.day. This amounted to 88% of the 

total nitrogen intake. Apparently a large portion of the total urates 

excreted in the ureteral urine are degraded in the hindgut before the 

urine-feces mixture is voided. This will be discussed further below. 

Based on the intake-output balance data, the birds were in 

steady-state throughout the experimental period. Thus, by comparing the 

steady-state outputs of substances in the excreta to the amounts 

contained in both ureteral urine and feces uncontaminated with urine, 

estimates of the post-renal modification of ureteral urine can be made. 

Water excreted with the ureteral urine amounted to 35 ml/kg.day and in 

the feces uncontaminated with urine, 20 ml/kg.day for a total of 55 

ml/kg.day which might be voided with excreta. The amount actually 

voided with the excreta was only 30 ml/kg.day. A difference of 25 

ml/kg.day (45% of the total water) was assumed to be reabsorbed by the 

tissues of the hindgut. 

Of the total sodium which might be lost with the excreta, only 

14 mg/kg.day was actually voided. Thus, a difference of 23 mg/kg.day or 

62% of the total sodium was reabsorbed by the tissues of the hindgut. 

Potassium also was reabsorbed in the hindgut. Of the total 335 

mg/kg.day in the hindgut, only 172 mg/kg.day was voided with the 

excreta. Thus, 165 mg/kg.day (49% of the total potassium) was 

reabsorbed by the tissues of the hindgut. 

Skadhauge (1967 and 1968) used an ̂  vivo perfusion technique to 

demonstrate that sodium, chloride, and water can be reabsorbed 

isosmotically from fluids introduced into the bowel of the chicken. 
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Based on a urine flow rate of 26 ml/kg.day (Skadhauge and 

Schmidt-Nielsen 1967) and on a reabsorptive capacity of 3.6 ml/kg.day 

(Skadhauge 1967)» Skadhauge indicated that; during dehydration, about 

15% of the urinary water and up to 50% of the urinary sodium may be 

reabsorbed by the cloaca and large intestines. This can be compared to 

45% of the total water and 62% of the total sodium which were apparently 

reabsorbed by the hindgut of the desert quail. The rate of reabsorption 

of water by the hindgut in the quail was 25 ml/kg.day or nearly 7 times 

greater than that determined by Skadhauge for the chicken. Several 

reasons could account for this difference. As Skadhauge points out, 

anesthesia may have altered sodium transport and water permeability in 

the chickens, whereas in desert quail no anesthesia was used. In 

addition, the ceca (into which urine normally refluxes) were not 

included in the perfusion done with the chickens. The desert quail on 

the other hand had full use of the ceca, as well as the cloaca and colon 

for reabsorption of solutes and water. Aldosterone administration has 

been shown to increase sodium transport in the chicken cloaca and lower 

intestines which had been perfused luminally ̂  vivo (Thomas and 

Skadhauge 1979b). Aldosterone also may have had an effect on sodium, 

potassium, and water reabsorption in the desert quail, but no 

conclusions can be made concerning the circulating levels of aldosterone 

in birds used in the present study. 

The significance of this post-renal reabsorption of sodium, 

potassium, and water by the tissues of the hindgut of desert quail is 

shown in Table 21. The most important aspect is the conservation of 

sodium. The diet of desert quail, being largely a seed diet, is 
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normally low in sodium (Gorsuch 1934). In the present study, post-renal 

reabsorption of sodium amounted to about 0.3% of the filtered load of 

sodium. This is approximately equal to the amount lost with the 

excreta. Even though renal reabsorption accounts for about 99.4% of the 

filtered load of sodium, post-renal reabsorption of sodium in the 

hindgut reduces the potential loss of sodium in the urine by more than 

half (see Table 21). Reabsorption of water may also be important for 

the desert quail. In this study, about 71% of the water in the ureteral 

urine is reabsorbed by the tissues of the hindgut. 

It appears that the cloaca and lower intestines of birds may 

function in a capacity similar to the distal tubules of the nephrons of 

manmalian kidneys, where much of the fine tuning in water and sodium 

reabsorption occurs. In desert quail, the bulk of the filtered loads of 

water and sodium (98% and 99.4%) are reabsorbed by the kidneys, but an 

additional 1% of the filtered water and 0.3% of the filtered sodium are 

reabsorbed in the cloaca and lower intestines, where aldosterone has 

been shown to enhance sodium reabsorption (Thomas and Skadhauge 1979b). 

This situation is very similar to what occurs in the distal tubules of 

the mammalian kidney. 

Of the total uric acid excreted in the ureteral urine of native 

desert quail, 64% is degraded during passage into the hindgut. That 

uric acid is degraded in the hindgut is not surprising. Significant 

populations of uric acid deconqjosing bacteria are found in the ceca of 

birds (Barnes 1972 and Barnes and Imi:=y 1974). Barnes (1972) suggested 

that the presence of large populations of uric acid decomposing bacteria 

in the avian cecum may aid in metabolism and reutilization of nitrogen 



122 

by some recycling mechanism. Whether this is of importance in the 

desert qtiail is not known. No attempt was made to evaluate total 

nitrogen excretion in the present study or to identify any of the 

products of uric acid degradation. 

It may be important, however, that breakdown of urates would 

increase the pool of sodiim and potassium which could be reabsorbed by 

the tissues of the hindgut. It was noted in the previous study (see 

Chapter 4) that an average of 19% of the total sodium, and 33% of the 

total potassium, found in ureteral urine are trapped within urate 

precipitates. Breakdown of 64% of the uric acid in ureteral urine 

(Fig. 10 and Table 20) would increase the reabsorbable pools of sodium 

and potassium by 13% and 16% respectively. Furthermore, considering 62% 

of the total sodium and 49% of the total potassium were reabsorbed in 

the hindgut, the released sodium and potassium contributed 33% and 29% 

respectively to the total soluble amounts voided in the excreta. But, 

it cannot be concluded from this study whether release of sodium and 

potassium from urate precipitates either reduces or increases excretory 

losses of water, sodium, or potassium in the excreta. Nevertheless, 

post-renal reabsorption of water, sodium, and potassium are important 

aspects of water and electrolyte balance in native desert quail. 



CHAPTER 6 

EVALUATION OF THE ROLE OF THE CECA IN 
POST-RENAL MODIFICATION OF URINE IN DESERT QUAIL 

Introduction 

It was reported in previous studies that significant post-renal 

changes in the composition of ureteral urine occur in the lower 

intestines of native desert quail. Reabsorption of more than 70% of the 

water and degradation of nearly 65% of the uric acid from ureteral urine 

occurred. 

Retrograde flow of ureteral urine into the lower intestines of 

birds has been demonstrated to include reflux into the ceca (Akester et 

al. 1967). The ceca of rock ptarmigan have been shown by Gasaway et al. 

(1976) to be the primary site for intestinal water reabsorption. In 

addition, Barnes (1972) reported that large populations of uric acid 

decomposing bacteria are present in the ceca of birds. This would 

indicate the ceca may play an important role in both the reabsorption of 

water and the degradation of uric acid seen in the present studies. For 

these reasons, the role of the ceca in post-renal modification of 

ureteral urine from native desert quail was evaluated. 

Materials and Methods 

Gambels' qtiail, Lophortyx gambelii, were used as experimental 

animals. The initial weight of the birds ranged from 130 to 160 g (mean 

123 
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weight; 148g). The quail were trapped in the vicinity of Tucson, 

Arizona and housed initially in an outside aviary exposed to natural 

environmental conditions. All birds had free access to a commercial 

seed diet (see Table 22) and water. Birds brought to the laboratory 

were housed in individual, wire-bottom cages each provided with food and 

water ad libittim. 

The birds used in this study were divided into two groups of 3 

birds each. One group was cecaectomized (Cx) while the other was sham 

operated (Sh). The experimental protocol is shown in Figure 11. The 

birds were kept in an outside aviary for 10 days following capture, and 

then were transferred to the laboratory and allowed a 30 day acclimation 

period. Cecaectomy or sham surgery was performed on day 39 following 

capture and was followed by a 30 day experimental period during which 

food and water intake and excreta output were monitored. 

For cecaectomy, each bird was lightly anesthetized with an 

intramuscular dose (3.5 ml/kg body weight) of LA Thesia and restrained 

using a specially designed board. A 2.5 cm incision was made through 

the skin of the left lateral abdominal body wall and the muscle layers 

were separated by blunt dissection to expose the contents of the 

abdomen. The two ceca were located within the abdominal cavity and 00 

silk ligatures were tightly tied around each cecum near its origin at 

the ileo-cecal junction. The tied ceca were allowed to remain within 

the abdomen. The wound was then closed with ligatures. No infections 

or complications occured during the 30 day period of experiments and 

post-mortem inspection following completion of the experiments showed 

the ceca were completely atrophied. Sham operated birds received the 
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Table 22. Components and composition of the diet. 

Components Composition 
% by weight % by weight 

Chick grower ration 25 

Com 5 

Millet 25 

Milo 25 

Wheat ~— —-- 20 

Water 9.0 

Nitrogen 2.2 

Potassium 0.44 

Sodium — —— 0.04 

Protein 13.8 

Carbohydrate 69.8 

Fat 3.4 
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same surgical treatment except the ligatures brought into position 

around each cecum were not tied. Post-mortem inspection of Sh birds 

revealed normal ceca. 

Food intake was monitored during the period from day 23 through 

day 70 following capture. Food consumption was measured as the total 

consumed during three consecutive periods totaling 45 days. Spilled 

food was collected and returned to the feeder. Water intake and excreta 

output were determined during the 30 day period following surgery (see 

Fig. 11). Water consumption was measured using L-shaped drinking tubes 

which had a small reservoir attached to the bottom to minimize 

spillage. Corrections were made for evaporative water loss from the 

reservoir. The entire output of excreta was collected daily on foil 

placed beneath the wire-bottom cage. Spilled food and shed feathers 

were carefully separated from the excreta. The excreta were dried to 

constant weight at 60°C. They were then ground to a fine powder and a 

100 mg aliquot was placed in 10 ml of a 0.5 molar LiOH solution. Upon 

dissolution, aliquots were taken immediately for uric acid, sodium, and 

potassium analysis. 

The determination of the sodium and potassium concentrations of 

the excreta were made with a Baird-Atomic KY-3 flame photometer with an 

internal lithium standard. Uric acid was determined using the uricase 

digestion method of Dubbs et al. (1956) as modified for avian urine by 

McNabb and Poulson (1970). Uric acid concentrations were measured with 

a Zeiss PMQ spectrophotometer at 292 nm. Water content of the excreta 

3 
was determined by isotopic dilution using water- H (see Appendix A). 

During the intake-output balance period, excreta was collected 
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periodically under mineral oil. To this was added a known volume of 

3 
water- H and after equilibration, the water content of the excreta was 

3 
determined. The activities of water- H were determined in a liquid 

scintillation spectrometer. The scintillation solution was the same as 

that used by Braun (1978). 

Results 

Changes in body weight ensuing during the course of this study 

are shown in Figure 11. During the laboratory acclimation period, a 

sharp drop in body weight throughout the first 10 days was followed by a 

sharp rise in body weight over the next 10 days. By the end of this 

initial adjustment period the average body weight had leveled off to 

near the original value. Moreover, there was a decline in body weight 

after surgery followed by a progressive increase back to the presurgery 

weight. Cx birds experienced a slightly greater decrease in body weight 

following surgery than did Sh birds. However, by day 20 of the 30-day 

collection period all birds had returned to the same presurgery weight 

(Fig. 11). Based upon general appearance, body weight, food and water 

consumption, and excretion of well formed stools, the birds appeared to 

be in good health throughout the study. 

The rate of food intake and excreta output are shown in Figure 

12 for Cx and Sh birds. Between days 10 and 20 following surgery, Cx 

birds had a slightly increased food intake and a slightly increased 

output of excreta when compared to Sh birds. However, no difference was 

seen by the end of the collection period (day 30). 
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in native desert quail. — Surgery was performed on day 1 of the experimental period. 
Data are plotted as mean ̂  S.D., n = 3. 
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A comparisoa of water intake and water content of the excreta is 

shown in Figure 13 for both the Cx and Sh birds. During the first 12 

days after surgery, Cx birds showed a greater increased water 

consuiiq>tion than did Sh birds. This was accompanied by a concomittant 

increase in the water content of the excreta of Cx birds. However, by 

day 13 and thereafter no difference between Cx and Sh birds was evident 

in either water consumption or water content of the excreta. 

The composition of excreta collected throughout this study from 

both Cx and Sh desert quail is shown in Table 23. No significant 

differences (P > 0.05) in the sodium, potassium, and urate contents of 

the spontaneously voided excreta from these two groups were seen. 

Excreta from Cx birds averaged almost 90% water while excreta from Sh 

birds was about 85% water. However, due to the large variation among 

samples (standard deviations given), these values were not significantly 

different at the P > 0.05 level. 

The food intake and excreta output for Cx and Sh birds are shown 

in Table 24, and are compared with those for birds from a previous 

study. No significant differences (P > 0.05) were-seen between Cx and 

Sh birds, and both are nearly the same as those of the previous study. 

Comparison of the water budgets between Cx and Sh birds is shown 

in Table 25. For further comparison, values from birds previously 

studied also are given in this table. In the present study, no 

significant differences for either water intake or output were seen 

between Cx and Sh birds. The average amount of water drunk by Cx birds 

was about 47 ml/kg.day while Sh birds drank about 41 ml/kg.day. 

However, because of the large variation between birds (standard 
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Table 23. Comparison of the composition of excreta from cecaectomized 
and sham operated desert quail. 

Cecaectomized Sham Operated 

Water Content (%) 89.6 + 7.1 (10) 84.4 + 9.4 (10) 

Na 1.6 + 0.9 (18) 1.5 + 1.0 (18) 

K (mg/g) 
dry weight 

17.3 + 2.7 (18) 19.3 + 2.4 (18) 

Urate 208 + 98 (18) 223 + 77 (18) 

Note; Values are X ̂  S.D. (n = number of samples from 3 different 
birds) 
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Table 24. Intake of food and output of excreta for cecaectomized, 
sham operated, and previously studied desert quail. 

Cecaectomized 
Sham 

Operated 
Previous 
Study 

Food Intake 
(g/kg.d) 

dry matter 
44.0 + 7.8 (9) 45.3 + 5.0 (9) 43.6 

Excreta Output 
(g/kg.d) 

dry matter 
10.7 + 2.5 (18) 9.5 + 1.4 (18) 7.7 

Percent 
Utilized 76% 79% 83% 

Note: Values are X ̂  S.D. (n = number of determinations from 3 
different birds) 



Table 25. Comparison of water budget in cecaectomized, sham operated, 
and previously studied desert quail. 

Cecaectomized 
Sham 

Operated 
Previous 
Study 

H2O Intake 
(ml/kg.d) 

Drunk 46.9 + 4.9 (3) 41.3 + 19.2 (3) 35.3 

With Food 4.4 4.5 4.3 

*Metabolic 24.0 24.7 20.6 

Total 75.3 70.5 60.2 

H2O Output 
(ml/kg.d) 

+With Excreta 48.7 43.3 30.0 

++Evaporation 32.0 32.0 32.0 

Total 80.7 75.3 62.0 

* Based on calculated value of 0.496 (ml H^O / g food) 

+ Based on average value of 82% H2O content of excreta 

++ Based on value from McNabb (1969) 
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deviations given) these values are not significantly different. Water 

loss with the excreta was likewise similar in the two groups. 

In Table 2 6 ,  sodium, potassium, and nitrogen intakes are 

compared to sodium, potassium, and urate-nitrogen outputs for both Cx 

and Sh birds. The values are coiiq>arable to those found in a previous 

study with the exception of the amount of urate nitrogen excreted. In 

the previous study only 31% of the total nitrogen intake was excreted as 

urate nitrogen while in the present study 69 and 65% of the total 

nitrogen intakes were excreted as urate nitrogen by Cx and Sh birds. 

Discussion 

In general, cecaectomy of native desert quail had no lasting 

effect on either the food and water consumption or on the composition of 

the excreta. However, there was a transitory effect on water 

consumption and excretion. As is shown in Figure 11, during the period 

after surgery, the body weights for both Cx and Sh groups were nearly 

the same. However, both Cx and Sh birds lost weight during the first 

week after surgery with the Cx birds losing slightly more weight during 

this period. Both groups quickly gained weight thereafter, and after 

two weeks stabilized at the presurgery weight for the remainder of the 

collection period. As a result, during the period after the initial 

weight loss associated with surgery, Cx birds gained weight slightly 

faster than Sh birds. This is reflected in the food intakes and excreta 

outputs for this same period (see Fig. 12). During the weight gain 

period, Cx birds increased their food consumption more than did Sh 

birds. Output of dry matter in the excreta correspondingly was 
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Table 26. Intake and output of Na, K, and Nitrogen (Urate) for 
cecaectomized, sham operated, and previously studied desert 
quail. 

Cecaectomized 
Sham 

Operated 
Previous 
Study 

Intake (mg/kg.d) 

Food 

Nitrogen 

Na 

K 

1060 

19 

213 

1090 

19 

219 

866 

16 

197 

Output (mg/kg.d) 

Excreta 

Urate Nitrogen 730 

Na 18 

K 185 

710 

15 

184 

274 

14 

178 

% Intake Excreted 

*Nitrogen 

Na 

K 

69 

95 

87 

65 

75 

84 

31 

85 

90 

* As urate nitrogen 
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increased for Cx birds during the period of increased food consumption. 

However, the food intakes and excreta outputs over the entire period 

were the same for both groups (Table 24) and were similar to the values 

determined in the previous study. 

As shown in Figure 13, the transitory effect of cecaectomy on 

water consumption and excretion occured during the initial weight loss 

period and subsided by day 12 following surgery. It cannot be 

determined from this study whether the increase in drinking preceded the 

increase in water content of the excreta, or whether the reverse was 

true. The present study supports the idea that reabsorption of water 

normally may occur in the ceca of desert qtiail. Because desert qtiail 

were able to compensate fully for the initial water loss seen after 

cecaectomy, the function of the ceca in water reabsorption appears not 

to be obligatory. This is consistent with the findings of Beattie and 

Shrimpton (1958), who found cecaectomized chickens grew as well as 

control birds. Moreover, it has been reported that the ceca of rock 

ptarmigan play only a minor role in digestion, but may be important in 

reabsorption of water (Gasaway et al. 1976). 

The compositions of the excreta from both Cx and Sh birds were 

nearly the same (see Table 23). In spite of the transitory increase in 

water content of the excreta of Cx birds, no significant difference in 

the water content over the entire collection period were seen. No 

significant difference in total water budget was seen between Cx and Sh 

birds (P > 0.05). However, compared to birds from a previous study, 

both the Cx and Sh birds consumed and excreted greater quantities of 

water. The reasons for this are not known, but may reflect a difference 
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in water consumption associated with an increased food intake seen in Cx 

and Sh birds. 

Sodium and potassium excretion were the same in both groups. 

The somewhat lower average sodium excretion in Sh birds (15.0 mg/kg.day) 

compared to Cx birds (18.4 mg/kg.day) is thought to represent 

experimental error since sodium intake for both groups was the same. 

Surprisingly, urate content of the excreta from Cx birds was the 

same as that from Sh birds. Because large populations of uric acid 

decomposing bacteria are present in the ceca of birds (Barnes and Impey 

1974), urate degradation in the hindgut (see Chapter 5) would likely 

depend largely on the function of the ceca. However, in this study both 

Cx and Sh birds excreted 67% of the total nitrogen intake as urate 

nitrogen. This is considerably higher than the value determined in a 

previous study, where only 31% of the total nitrogen intake was excreted 

as urate nitrogen. 

In the previous study, 88% of the total nitrogen intake was 

found in the ureteral urine as urate nitrogen. Assuming this is similar 

for the birds used in the present study, only 24% of the total urate 

excreted in urine was degraded in the hindgut of both Cx and Sh birds. 

This compares with a degradation of 64% of the total urates excreted in 

the urine of birds from the previous study. No explanation for this 

difference can be given. 

On the basis of the present study, it must be concluded that the 

ceca of native desert quail do not have an obligatory role in post-renal 

modification of urine. 



APPENDIX A 

DETERMINATION OF % WATER CONTENT OF EXCRETA 

Water content of the spontaneously voided excreta was determined 

2 by the dilution of tritiated water ( H2O). At various times 

throughout the experimental period, spontaneously voided excreta samples 

were collected under light mineral oil. Polyethylene funnels with a 4 

inch upper diameter were stoppered and filled with light mineral oil to 

within 0.5 cm of the top. The oil previously had been equilibrated with 

3 
a stock solution of H^O of known activity. To each funnel was 

3 
added 2 ml of the stock H^O solution. The filled funnels were then 

placed beneath the cage floors of individual birds. The cage floor 

consisted of a 1 cm wire mesh which, just prior to each sampling period, 

was coated with silicone (Prosil 23, PCR Research Chemicals, Inc.) to 

prevent sticking of the droppings. Each filled funnel was weighed 

before and after the 24-hour collection period. The increase in weight 

after the period was taken as the weight of the total droppings. After 

3 
an additional 24 hour period of equilibration, the activity of H2O 

3 
in the excreta- U^O mixture was determined by liquid scintillation 

spectrometry. Using the dilution principle, the volume of water in the 

excreta sample was calculated. By comparing this to the total weight of 

the sample, the percent water content was determined. The results are 

given on the following page. 

139 
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PERCENT WATER CONTENT 

Excreta (droppings) 

Chapter 5 Group 2 and 3 
85 
82 
78 

Group Number 
2 3 2 3 
80 76 80 83 
90 83 79 81 
75 77 82 72 

Chapter 6 

Cecaectomized 

Sham Operated 

Day of Experimental Period 

0 3 7 10 20 30 
87 89 96 97 83 80 
84 96 89 94 81 86 

83 90 70 97 88 84 
85 95 72 75 89 

83 

Feces - Uncontaminated with Urine 

Percent water content 
Sodium (mg/g) 

Potassium (mg/g) 
Uric acid 

Bird Number 
1_ ^ 3_ 

76.6 74.9 73.5 
1.01  0 .68  0 .62  
24.8 15.8 22.1 
0 0 0 



APPENDIX B 

RAW DATA TABLES 

The following group of tables contain the data collected from 25 

individual birds used during the course of this study. All of the 

material presented in the text of this dissertation are derived from 

these data and from Appendix A. Each bird is listed on a separate table. 

Tables 1 through 6 are for six birds from Group 4 and are 

reported in Chapter 6. The experimental period was 60 days in length. 

The first 30 days are listed on the first line of the experimental 

period along with the corresponding body weights (when recorded) shown 

below each day. The last 30 days are listed on the second line of the 

experimental period and below these appear the corresponding body 

weights. Water drinking rates were monitored every other day on days 32 

through 60, and are given below the corresponding day. Food intake was 

monitored during the three periods indicated by brackets. The first 

period was from days 15 to 35, the second from days 35 to 49, and the 

third from days 49 to 60. Excreta was collected during six successive 

periods between days 32 through 60 and are indicated by brackets. The 

urate, sodium, and potassium contents of the excreta samples are shown 

directly below each sample period. 

Tables 7 through 10 are for four birds from Group 1 and are 

reported in Chapter 4. Urine was collected from these birds during 5 

141 
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consecutive 5-hour long collection periods. The data analysis for each 

sample period is shown in columns 1 through 5. Urine output is given as 

output of whole urine (g/kg.min) and output of supernatant urine 

(ml/kg.min; this is the whole urine minus the weight of the uric acid 

contained in that sample). The uric acid content is given first, as the 

concentration (mg/g) in the whole urine sample (this includes the 

precipitated urates) and second, as the concentration (mg/100 ml) 

in the supernatant urine (this is the soluable uric acid from samples 

either not centrifuged* or centrifuged for 5 seconds). The sodium and 

potassium contents are given as concentrations in whole urine (mg/g), in 

supernatant urine (mg/ml), and as the percent of the total amount in the 

whole urine which was precipitated with urates. 

Tables 11 through 15 are for five birds also from Group 1 and 

are reported in Chapter 4. All parameters are the same as described 

above for the other birds in Group 1. In addition, urine osmolality is 

reported for these birds. All samples were centrifuged for a vzinimum of 

15 seconds. 

Tables 16 through 20 are for five birds from Group 2 and are 

reported in Chapters 4 and 5. The experimental period is shown at 4 day 

intervals from days 0 through 36 along with the body weights shown below 

the appropriate day. Food and water intakes and excreta (feces) output 

were monitored between days 14 through 36. Urine was collected on day 

12 during 5 consecutive 5-hour long collection periods. Urine outputs 

and uric acid, sodium, and potassium concentrations are given in the 

same manner as previously described for Group 1 above. In addition, the 

GFR and the Inulin U/P concentration ratio are reported. 
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Tables 21 through 25 are for five birds from Group 3 and are 

reported in Chapters 4 and 5. All parameters are the same as described 

above for the birds in Group 2. Urine collection was done on day 35 of 

the experimental period. 



RAW DATA TABLE 1 BIRD # i GROUP it 4 Cecaectomized 32 

Experimental Period 

day 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 
A 

Body weight (8) 130 122 
1 

|123 . .121 . .134 139 1_ l_ L . .135 
f 

1 1 1 

day 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 

Body weight (8) 135 129 130 133 137 143 145 142 

Water 
drunk (ml/day) 

2.12 

2.83 6.79 10. 

6.37 7.78 

81 9. 

9.20 

20 6.65 

5.66 

1.67 

6.31 2.91 

4.39 

3.54 

1 i • 

Food 
Intake (g/day) 

T"" 

6 
1 
.89 8 

1 
.46 

1 
7.14 

Excreta 
output 
(dry matter) 

11 1 f 1 1 t r ' 1 1 Excreta 
output 
(dry matter) 

(g/day) 
1 

1.35 
1 

1.86 
1 

2.04 
1 

2.22 
1 

1.83 
1 

1.43 

Urate content 
(mg/g) 259 154 300 135 170 183 

Sodium content 
(mg/g) 

2.06 1.92 3.46 3.14 1.58 1.20 

Potassium content 
(mg/g) 16.1 16.8 20.5 18.3 19.7 17.6 



RAW DATA TABLE 2 BIRD 2 GROUP if 4 Cecaectomlzed on day 32 

Experimental Period 

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 

Body weight (8) 153 . 144 . » 1 .140 . . 156 . .157 J 1 1137 1 il37 1 

day 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 

Body weight (8) 131 140 141 150 152 152 147 149 

Water 
drunk (ml/day) 9.20 

7.08 

6.37 

7.08 

6. 

12.17 

37 

6.37 7.08 

9.20 5.24 

6.00 

7.84 3.91 

6.11 

7.24 

11 11 » 
Food 
intake (g/day) 

T 

L 58 
1 

4.54 

Excreta 
output 
(dry matter) 

\ 1 i 1 ' f • 11 i ( 1 Excreta 
output 
(dry matter) 

(g/day) 

1.46 
1 1 
1.92 1.31 0.99 

1 
1.19 

Urate content 
(mg/g) l'.H 229 170 188 175 219 

Sodium content 
(mg/g) 3.13 1.13 2.10 1.88 1.37 0.74 

Potassium content 
(mg/g) 16.8 15.4 17.6 19.0 19.7 14.6 



RAW DATA TABLE 3 BIRD 0 4 GROUP U 4 Cecaectomlzed on day 32 

Experimental Period 

day 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 
1A 

Body weight (g) 160 . 150 . 144 . 138, .140 . . 1^2 , . 146 . . , 1 
T 

i 

day ̂  32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 

Body weight (g) 150 128 122 123 126 126 127 129 

Water 
drunk (ml/day) 

7.44 

2.12 

3.54 

9.20 

9 

18.96 

.20 9.20 

5.80 

4.25 

4.25 2.29 

6.31 5.74 

6.00 

3 .68 

A- II 11 i 
Food 
Intake (g/day) 

* 
5*65 6125 1 

Excreta 
output 
(dry matter) 

1 II 1 i ^ I ' f • f 1 Excreta 
output 
(dry matter) 

(g/day) 

L 1.20 J. J. 24 1 
1.10 .1. 

Urate content 
(mg/g) 558 218 167 149 128 152 

Sodium content 
(mg/g) 

1.48 0.43 0.52 1.12 0.93 0.63 

Potassium content 
(mg/g) 23.4 12.4 15.4 18.3 14.6 14.6 



RAW DATA TABLE 4 BIRO if 7 GROUP # 4 Sham operated on day 32 

Experimental Period 

day 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 
\ 

Body weight (8) 137 . 127. .122 , 120 , 116 . .128 , ,128 , . .132 . ,131, 

day if 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 

Body weight (8) 127 129 127 130 134 132 135 135 

Water 
drunk (ml/day) 

4 

3.91 

.25 

2.49 

4.95 3.11 

6.37 

3.25 7.78 

5.20 3.11 8 

7.24 3 

.89 3.57 

.28 

4.47 

j- 11 11 

Food 
Intake (g/day) 

T 

J.02 ).00 5.^2 

Excreta 
output 
(dry matter) 

t i 1 II f 1 11 i 1 1 Excreta 
output 
(dry matter) 

(g/day) 

Jn 1.22 1.^2 I!I7 
1 

1.21 1.38 

Urate content 
(mg/g) 200 247 197 222 218 168 

Sodium content 
(mg/g) 

4.39 1.34 2.19 1.57 0.87 1.59 

Potassium content 
(mg/g) 22.7 23.4 21.9 19.0 21.2 20.5 



RAW DATA TABLE 5 BIRD it 8 GROUP it 4 Sham operated on day 32 

Experimental Period 

day "f 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 
1 'A 

Body weight (B) 155 143 
1 1 ,138 ,140, , 142, ,146 , ,152 -1 1 ,153 , ,154 , 

day 4 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 

Body weight (8) 150 150 151 152 152 153 156 153 

Water 
drunk (ml/day) 

3 

2.83 

.54 

3.54 

4.67 0.85 

2.12 2.20 

1.70 

2 .83 

2.41 4.75 

4.36 1.25 

4.75 

5.24 

A. 1 i 1 f 1 

Food 
Intake (g/day) 

* 
6.74 

1 
7.04 7 

1 
.41 

Excreta 
output 
(dry matter) 

1 II If 1 i 1 i 1 1 Excreta 
output 
(dry matter) 

(g/day) 1 
1.27 1.28 

1 
1.32 

1 
1.29 

1 
1.16 

1 
1.07 

Urate content 
(mg/g) 220 368 199 197 206 185 

Sodium content 
(mg/g) 0.97 0.85 0.70 0.99 0.46 0.35 

Potassium content 
(mg/g) 18.1 19.7 18.3 19.0 17.6 13.9 



RAW DATA TABLE 6 BIRD if 9 GROUP 4 Sham operated on day 32 

Experimental Period 

day • 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 
( . . 

Body weight (8) 152 . 134. ,128, 125 , ,121 . .133 . ,140, _j |14l_ 1 |141, 

day 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 

Body weight (g) 131 131 126 128 130 133 135 136 

Water 
drunk (ml/day) 

6 

7.08 

.37 7 

7.08 

.78 12.17 

9.20 

7.78 

9.20 7 

6.37 

.36 7.58 

12.79 

6.65 

7.78 

7.08 

A. i 1 11 1 

Food 
Intake (g/day) 

T 
1 
7.21 7 

1 
.50 

1 
6.05 

Excreta 
output 
(dry matter) 

11 " M i 1 i f 1 Excreta 
output 
(dry matter) 

(g/day) 

.L 
1 

1.43 1.64 
1 
1.41 

1 
1.40 

1 
1.42 

Urate content 
(mg/g) 280 458 158 168 155 174 

Sodium content 
(mg/g) 2.88 1.52 2.00 1.71 1.64 1.57 

Potassium content 
(mg/g) 15.0 20.5 20.5 19.0 18.7 19.0 



RAW DATA TABLE 7 BIRD It 10 GROUP II 1 BODY WEIGHT 142 (g) 

Urine collection period 1 2 3 4 5 

length (minutes) 300 180 360 360 300 

Urine osmolality (mOsm/liter) NA 

Urine 
whole urine (g/kg-min) 

0.0515 0.0586 0.0437 0.0310 0.0284 

supn. urine (ml/kg-min) 0.0484 0.0567 0.0405 0.0287 0.0249 

Uric acid 
whole urine (mg/g) 61.3 32.2 73.6 52.3 122.2 

content*"" 
supn. urine (mg/100ml) 151 213 376 113 125 

whole urine (mg/g) 0.43 0.99 1.37 0.59 0.81 

Sodium 
content*"" supn. urine (mg/ml) 0.41 0.97 1.47 0.39 0.92 

percent ppt. ( % ) 9.0 5.1 0 40.0 0 

whole urine (mg/g) 7.69 4.52 8.82 ,3.46 4.77 

Potassium 
content supn. urine (mg/ml) 5.71 2.78 5.20 1.21 2.58 

percent ppt. ( % ) 30.3 40.7 45.3 68.7 52.6 



RAW DATA TABLE 8 BIRD # 11 GROUP // 1 BODY WEIGHT 141 (g) 

Urine collection period 1 2 3 4 5 

length (minutes) 300 180 360 360 300 

Urine osmolality (mOsm/liter) NA 

Urine 
output """ 

whole urine (g/kg*min) 

supn. urine (ml/kg'min) 

0.0393 

0.0381 

0.0385 

0.0365 

0.0509 

0.0452 

0.0324 

0.0290 

0.0287 

0.0274 

Uric acid 
whole urine (mg/g) 30.4 51.8 112.5 105.0 64.9 

content""" 
supn. urine (mg/100ml) 161 154 167 1042* 774* 

whole urine (mg/g) 0.54 0.67 0.78 0.66 0.67 

Sodium 
content""" supn. urine (mg/ml) 0.55 0.41 0.58 0.69 0.64 

percent ppt. ( % ) 0 40.0 34.2 6.1 9.3 

whole urine (mg/g) 8.24 5.76 6.37 2.91 1.76 

Potassium 
content supn. urine (mg/nl) 6.53 5.08 3.21 1.72 1.29 

percent ppt. ( % ) 23.2 16.2 55.3 47.2 31.3 



RAW DATA TABLE 9 BIRD if 12 GROUP // 1 BODY WEIGHT 154 (g) 

Urine collection period 

length (minutes) 

1 

180 

2 

270 

Urine osbK>lality (mOsm/liter) 

I whole urine (g/kg-min) 
Urine I 
output 

I supn. urine (ml/kg'tnin) 

4jl Wl :ldl Uric acid 
content"""! 

whole urine (rag/g) 

I supn. urine 

Sodium 
content" 

whole urine 

Potassium 
content 

(mg/lOOml) 

(mg/g) 

supn. urine (mg/ml) 

percent ppt. ( % ) 

whole urine (mg/g) 

supn. urine (mg/nl) 

percent ppt. ( % ) 

0.0205 

0.0202 

31.0 

152 

0.49 

0.25 

48.0 

2.32 

1.96 

16.8 

0.0105 

0.0101 

85.0 

134 

0.99 

0.81 

2 1 . 1  

1.35 

1 .21  

13.5 

NA 



RAW DATA TABLE 10 BIRD 13 GROUP // 1 BODY WEIGHT 158 (g) 

Urine collection period 

length (minutes) 

1 

180 

2 

270 

3 

390 

4 

270 

Urine osmolality (mOsm/llter) 

I whole urine (g/kg-mln) 
Urine 
output I 

I supn. urine (ml/kg'mln) 

0.0432 

0.0418 

0.0345 

0.0335 

M 

0.0301 

0.0284 

0.0430 

0.0415 

Uric acid 
content 

whole urine (mg/g) 

Sodium 
content* 

Potassium 
content 

n 1 supn. urine 

whole urine 

supn. urine 

percent ppt. 

whole urine 

supn. urine 

(mg/100ml) 

(mg/g) 

(mg/ml) 

( % ) 

(mg/g) 

(mg/nl) 

66 .0  

182 

0.38 

0.32 

19.5 

percent ppt. ( % ) 

2.67 

2.19 

20.7 

60.0 

171 

0.54 

0.51 

8 . 1  

4.63 

4.42 

7.5 

116.0 

280 

0.52 

0.53 

0 

5.60 

4.38 

26.3 

67.0 

1064* 

0.58 

0.37 

35.9 

5.52 

5.51 

3.4 



RAW DATA TABLE 11 BIRD if 15 GROUP // 1 BODY WEIGHT 180 (g) 

Urine collection period 12 3 4 5 

length (minutes) ^ 300 240 300 360 300 

Urine osmolality (raOsm/liter) 314 548 562 582 553 

I whole urine (g/kg-min) 0.035 0.014 0.015 0.020 0.020 
Urine I 
output I 

I supn. urine (ml/kg'min) 0.0339 0.0128 0.0145 0.0172 0.0178 

Uric ac^ whole urine (rag/g) 43 74 42 121 91 

content""! 
j supn. urine (mg/100ml) 121 83 67 65 61 

"whole urine (mg/g) 0.683 1.503 1.605 1.097 0.975 

Sodium 
content""" supn. urine (mg/ml) 0.71 1.35 1.51 1.20 0.79 

percent ppt. ( % ) 0.9 17.3 10.2 3.7 25.8 

whole urine (mg/g) 1.81 3.10 3.22 3.86 2.53 

Potassium 
content""" urine (mg/ol) 1.40 2.04 3.07 2.96 2.45 

percent ppt. ( % ) 25.9 38.9 8.9 31.2 12.3 



RAW DATA TABLE 12 BIRD // 16 GROUP // 1 BODY WEIGHT 156 (g) 

Urine collection period 12 3 4 5 

length (minutes) 300 240 300 360 300 

Urine osmolality (mOsm/llter) 500 496 620 663 707 

pwhole urine (g/kg-rain) , 0.028 0.024 0.018 0.020 0.021 
Urine 
output I 

I supn. urine (ml/kg-mln) 0.0265 0.0224 0.0162 0.0178 0.0194 

Uric acid I urine (mg/g) 40 80 119 107 49 

content""] 
I supn. urine (mg/100ml) 111 66 81 74 74 

"whole urine (mg/g) 2.125 1.506 1.125 0.771 0.725 

Sodium 
content"" supn. urine (mg/ml) 2.21 1.54 1.11 0.70 0.39 

percent ppt. (%) 0 5.7 13.5 19.0 48.1 

whole urine (mg/g) 1.25 1.79 4.99 5.39 4.54 

Potassium . . , 
content"" urine (mg/ol) 1.30 1.36 3.44 4.47 3.18 

percent ppt. ( % ) 0 30.3 39.2 25.9 32.5 



RAW DATA TABLE 13 BIRD 17 GROUP # 1 BODY WEIGHT 158 (g) 

Urine collection period 12 3 4 5 

length (minutes) 300 240 300 360 300 

Urine osmolality (raOsm/liter) 561 667 586 641 596 

[whole urine (g/kg-min) 0.034 0.050 0.041 0.032 0.036 
Urine [ 
output I 

I supn. urine (ml/kg-rain) 0.0325 0.0475 0.0403 0.0320 0.0344 

Uric acid I urine (mg/g) 46 54 33 17 49 

content"""! 
I supn. urine (mg/100ml) 61 52 50 36 55 

whole urine (mg/g) 0.665 1.425 0.797 0.945 1.414 

Sodium 
content*~ supn. urine (mg/ml) 0.71 0.88 0.76 0.96 1.49 

percent ppt. (%) 0 41.5 8.3 0 0 

whole urine (mg/g) 4 . 9 4  1 . 7 0  1 . 5 0  1 . 5 6  

Potassium , , „ 
content""" urine (mg/ol) 2.96 1.76 1.52 1.25 

percent ppt. ( % ) 43.4 . 0 0 23.8 



RAW DATA TABLE 14 BIRD it 18 GROUP // 1 BODY WEIGHT 157 (g) 

Urine collection period 

length (minutes) 

1 

300 

2 

240 

3 

300 

4 

360 

5 

300 

Urine osmolality (mOsra/llter) 618 

I whole urine (g/kg^mln) 
Urine i 
output 

I supn. urine (ml/kg-mln) 

0.022 

0.0202 

671 

0.020 

0.0178 

677 699 

0.016 

0.0132 

0.015 

0.0127 

712 

Uric acid 
content 

whole urine (mg/g) 

Sodium 
content" 

up 
n I supn. urine 

whole urine 

supn. urine 

percent ppt. 

whole urine 

Potassium 
content""" supn. urine 

(mg/100ml) 

(mg/g) 

(mg/ml) 

( % ) 

(mg/g) 

(mg/ol) 

percent ppt. ( % ) 

92 

80 

2.736 

2.32 

23.0 

6.80 

4.96 

33.7 

101 

100 

2.528 

2.08 

25.8 

5.95 

4.62 

30.3 

156 

66 

2.483 

1.93 

35.3 

10.10 

5.73 

52.6 

133 

71 

1.282 

0.94 

36.5 

6.69 

4.00 

48.1 



RAW DATA TABLE 15 BIRD # 19 GROUP i 1 BODY WEIGHT 135 (g) 

Urine collection period 12 3 4 5 

length (minutes) 300 240 300 360 300 

Urine osmolality (mOsm/llter) 504 591 560 568 580 

Fwhole urine (g/kg-raln) 0.026 0.022 0.017 0.017 0.018 
Urine | 
output I 

I supn. urine (ml/kg-mln) 0.0247 0.0207 0.0148 0.0146 0.0163 

Uric acid I urine (mg/g) 67 77 138 126 99 

content"! 
[ supn. urine (mg/100ml) 66 55 90 107 113 

"whole urine (mg/g) 1.509 1.306 1.142 0.940 0.782 

Sodium 
content*"" supn. urine (mg/ml) 0.71 0.69 0.53 0.66 0.27 

percent ppt. ( % ) 56.0 50.6 60.3 39.1 69.2 

whole urine (mg/g) 8.41 4.51 6.67 2.85 2.14 

Potassium 
content— (mg/ml) 4.61 2.78 3.26 1.45 1.18 

percent ppt. ( % ) 48.8 43.0 57.7 55.7 50.7 
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RAW DATA TABLE 16 BIRD i? 20 GROUP # 2 Urine collected 
on day 12 

Experimental day 

Body weight (g) 172 

8 12 16 20 24 28 32 36 

164 159 

Food intake (g/day) 

Water intake (ml/day) 

Feces output 
(dry matter) 

Uric acid 
content 

Na content 

K content 

(g/day) 

(mg/g) 

(mg/g) 

(mg/g) 

Urine collection period 
length (minutes) 

Urine 
output 

whole 
(g/kg-day) 

supn. 
_^g/kg-day) 

1 
420 

2 
360 

3 
240 24% 

5 

51.7 40..0 43.8 59.6 

46.9 35.0 38.5 49.8 

Uric acid content (mg/g) 92 127 117 

Na 

whole (mg/g) 0.90 

content— supn. (mg/ml) 0.95 

percent ppt. 3.3 

0.96 

1.09 

1.4 

0.83 

0.83 

1 2 . 1  

K 
content 

GFR (ml/kg*min) 1.30 1.55 1.24 

Inulin urine/plasma 
concentration ratio 

39.84 63.75 46.51 

165 

0.64 

0 . 6 6  

13.8 

whole (mg/g) 5.33 4.87 6.14 7.69 

supn. (mg/ml) 3.20 2.93 3.77 5.02 

percent ppt. 45.4 47.6 45.8 45.6 

1 . 1 2  

32.36 
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RAW DATA TABLE 17 BIHD J? 21 GROUP # 2 Urine collected 
on day 12 

Experimental day 0 4 a 12 16 20 24 28 32 36 

Body weight (g) 141 133 137 131 132 132 135 

1 1 

Food intake (g/day) 5. ̂8 

Water intake (ml/day) 4.71 4.20 6.51 7.00 

Feces output , . 
(dry matter) 

1.07 1.04 0.82 

Uric acid . , . 
content (mg/g) 

124 134 99 

Na content (mg/g) 1.96 1.88 2.08 

K content (mg/g) 22.8 22.1 24.1 

Urine collection period 
IPNCRCH 

1 2 3 
OLCi 

4 5 

Urine 
output "" 

whole 
(g/kg'day) 

supn. 

75.3 

74.6 

75.6 

74.5 

90.3 

88.4 

40.8 

39.6 

58.5 

55.6 

Uric acid content (mg/ g) 11 16 20 53 50 

whole (mg/g) 0.83 0.78 0.79 0.81 0.66 

Na 
content""" supn. (mg/ml) 0.77 0.40 0.56 0.73 0.62 

percent ppt. 7.9 50.0 30.8 14.9 10.7 

whole (mg/g) 1.89 1.13 1.66 4.07 3.89 

K 
content 

supn. (mg/ml) 1.26 1.00 0.92 2.67 2.60 

percent ppt. 24.3 18.5 46.8 38.6 37.4 

GFR (ml/kg*min) 2.35 2.29 2.21 2.05 

Inulin urine/plasma 
concentration ratio 

45.43 37.21 82.57 53.2 
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RAW DATA TABLE 18 BHU) # 22 GROUP i? 2 Urine collected 
on day 12 

Experimental day 0 4 a 12 16 20 24 28 32 36 

Body weight (g) 145 144 144 124 132 134 137 

1 1 

Food intake (g/day) 7 163 

Water intake (ml/day) 1.29 0.60 1.63 1.00 

Feces output . . 
(dry matter) Cg/day) 1.26 1.46 1.29 

Uric acid . , . 
content (mg/g; 123 148 115 

Na content (mg/g) 1.72 1.56 1.68 

K content (mg/g) 12.0 23.3 25.2 

Urine collection period 
lenalrh 

1 
42n 

2 . 3 
240 

4 
240 22̂ 5 

Urine 
output 

whole 
(g/kg-day) 

supn. 

19.3 

17.6 

26.4 

24.5 

32.1 

29.5 

34.1 

30.4 

40.0 

36.4 

Uric acid 

ivjj uu.jf y 

content (mg/ g) 88 75 83 104 85 

whole (mg/g) 1.44 0.94 0.99 0.74 0.96 

Na 
content supn. (mg/ml) 1.41 0.95 1.01 0.75 0.98 

percent ppt. 11.4 7.2 7.7 9.1 6.6 

whole (mg/g) 8.94 4.47 6.17 10.30 8.29 

K 
content 

supn. (mg/ml) 5.95 3.36 4.64 6.21 5.82 

percent ppt. 40.1 31.1 31.7 47.1 36.5 

GFR (ml/kg-min) 1.52 1.37 1.76 1.02 1.27 

Inulin urine/plasma 
concentration ratio 

124.42 80.79 85.80 48.40 50.3 
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RAW DATA TABLE 19 BIRD if 23 GROUP # 2 Urine collected 
on day 12 

Experimental day 0 4 8 12 16 20 24 28 32 36 

Body weight (g) 152 153 160 143 142 140 134 

I « 
Food intake (g/day) 6 '.40 

Water intake (ml/day) 0.43 0.60 1.63 0.52 

Feces output 
(dry matter) (g/ day) 1.24 1.19 0.83 0.82 

Uric acid 
content (mg/g) 145 140 90 101 

Na content (mg/ g) 1.80 1.56 1.68 1.72 • 

K content (mg/g) 26.0 28.6 29.2 23.0 

Urine collection period 1 
lenf^f;h 420 

2 
360 

3 
240 

4 5 

Urine 
output 

whole 
(g/kg'day) 

supn. 
Jg/kg-day) 

22.5 

20.7 

36.7 

35.3 

36.7 

34.6 

Uric acid content (mg/g) 74 43 

Na 
content" 

whole (mg/g) i.66 0.98 

supn. (mg/ml) 1.52 0.55 

percent ppt. 15.3 46.3 

58 

"or 

0.95 

10.6  

content 

whole (mg/g) 4 . 7 1  

supn. (mg/ml) 2.86 

percent ppt. 44.7 

4.00 

1 . 6 6  

61.4 

5.72 

4.39 

28.1  

GFR 

Inulin urine/plasma 
concentration ratio 

(ml/kg*min) 1.26 0.86 1.33 

87.41 35.31 55.43 
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RAW DATA TABLE 20- BIRD # 24 GROUP # 2 Urine collected 
on day 12 

Experimental day 0 4 8 12 16 20 24 28 32 36 

Body weight (g) 165 160 163 112 113 111 114 

1 1 
Food intake (g/day) 5.V4 
Water intake (ml/day) 2.14 1.80 2.44 1.50 

Feces output 
(dry matter) 

(g/day) 1.40 1.40 0.88 

Uric acid 
content (mg/g) 132 113 147 

Na content (mg/g) 1.84 1.84 2.28 

K content (mg/g) 19.3 20.8 23.2 

Urine collection period 1 
length (minutes) 

2 
360 2^0 2^0 

Urine 
output 

whole 
(g/kg-day) 

supn. 
Jg/kg-day) 

21.5 

19.2 

24.1 

2 1 . 2  

24.6 

21.3 

30.5 

27.2 

Uric acid content (mg/g) 104 123 131 112 

Na 
content" 

whole (mg/g) 43 

supn. (mg/ml) 1.43 

percent ppt. 13.4 

1.48 

1.43 

14.2 

1.98 

1.92 

15.5 

1.71 

1.79 

7.2 

K 
content 

whole (mg/g) 13.83 

supn. (mg/ml) 6.69 

percent ppt. 57.8 

6.27 

4.56 

36.9 

6.50 

4.27 

43.8 

11.71 

6.33 

39.8 

GFR (ml/kg*min) 2.10 1.86 1.64 1.65 

Inulin urine/plasma 
concentration ratio 

158.13 127.03 110.44 87.02 

2?0 

31.1 

26.9 

141 

1 . 1 6  

1.32 

2.9 

11.2  

6 .01  

53.0 

1.36 

72.5 
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RAW DATA TABLE 21 BIRD # 25 GRODP # 3 Urine collected 
on day 35 

Experimental day 0 4 8 12 16 20 24 28 32 36 

Body weight (g) 152 153 160 143 142 140 134 

1 

Food Intake (g/day) 1 
6. 40 

Water intake (ml/day) 0.43 0.60 1.63 0.50 

Feces output , ,, . 
(dry natter) 

1.24 1.19 0.83 0.82 

Uric acid , , . 
content 

145 140 90 101 

Na content (mg/g) 1.80 1.56 1.68 1.72 • 

K content (mg/g) 26.0 28.6 29.2 23.0 

Urine collection period 
lenpth fminntps') 

1 
240 

2 
300 

3 
300 3^0 3O5 

Urine 
output 

whole 
(g/kg-day) 

supn. 

23.6 

21.9 

18.6 

17.1 

37.9 

35.7 

23.6 

21.6 

19.6 

18.3 

Uric acid content (mg/g) 59 59 50 73 49 

whole (mg/g) 0.51 0.58 0.54 0.29 0.75 

Na 
content supn. (mg/ml) 0.41 0.48 0.51 0.25 0.55 

jgercent ppt. 18.2 18.5 5.8 14.3 28.1 

whole (mg/g) 11.70 9.37 4.77 9.27 5.61 

K 
content 

supn. (mg/ml) 7.89 6.86 3.30 6.50 3.41 

percent ppt. 32.6 26.8 30.9 30.0 39.2 

GFR (ml/kg-min) 0.90 0.86 0.92 0.84 0.64 

Inulin urine/plasma 
concentration ratio 

59.36 72,55 37.13 56.15 50.12 
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KAW DATA TABLE 22 BIRD # 26 GROUP # 3 Urine collected 
on day 35 

Experimental day 0 4 8 12 16 20 24 28 32 36 

Body weight (g) 143 134 132 127 128 119 

• 
Food Intake (g/day) 6. 

1 
05 

Water intake (ml/day) 5.14 3.60 4.07 3. 50 

Feces output 
(dry matter) (g/day) 0.93 0. 76 

Uric acid 
content Cmg/g) 88 102 

Na content (mg/g) 1.80 1. 72 

K content (mg/g) 22.12 24 .01 

Urine collection period 1 2 
300 

3 
300 3^0 3O5 

Urine 
output 

whole 
(g/kg-day) 

supn. 

162 

159 

58.5 

55.7 

47.8 

44.5 

38.3 

36.5 

Uric acid content (mg/g) 17 46 57 59 

whole (mg/g) 0.29 0.70 0.99 0.72 

Na 
content supn. (mg/ml) 0.27 0,47 0.82 0.56 

__gercent ppt. 7.6 33.0 17.5 22.2 

whole (mg/g) 1.86 5.02 4.48 4.24 

K 
content 

supn. (mg/ml) 1.50 2.93 3.12 2.53 

percent ppt. 19.6 41.6 30.4 40.3 

GFR (ml/fcg-min) 2.12 1.20 1.66 0.87 

Inulin urine/plasma 
concentration ratio 

19.16 30.90 53.60 34.7 
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RAW DATA TABLE 23 BIRD # 27 GROUP if 3 Urine collected 
on day 35 

Experimental day 0 4 8 12 16 20 24 28 32 36 

Body weight (g) 

Food intake (g/day) 

Water intake (ml/day) 

1 I ' 
6.80 

5.14 3.00 6.51 6.00 

Feces output 
(dry matter) 

Uric acid 
content 

Na content 

K content 

(g/day) 

(mg/g) 

(mg/g) 

(mg/ g) 

Urine collection period 
length (minutes) 

1 
240 

2 
300 3^0 

Urine 
output 

whole 
(g/kg*day) 

supn. 
Jg/kg-day) 

Uric acid content (mg/g) 

whole (mg/g) 

Na 
content" supn. (mg/ml) 

_£ercent ppt. 

0.34 

0.30 

1 1 . 8  

0.29 

0 .22  

22 .2  

0.27 

0.18 

33.3 

K 
content 

whole (mg/g) 

supn, (mg/ml) 

9.32 

6.90 

9.18 

7.12 

5.61 

3.48 

0.73 0.68 

48 86 

1.96 1.56 

24.0 20.9 

4 
360 

0.35 

0.27 

23.8 

5.39 

3.56 

30C? 

22.5 25.2 14.8 20.2 18.0 

20.7 23.2 13.5 17.9 15.6 

60 72 72 102 100 

0.45 

0.33 

27.8 

6.49 

3.70 

percent ppt. 26.0 22.4 37.9 33.8 42.9 

GFR (ml/kg*min) 0.99 1.34 0.47 0.85 0.49 

Inulin urine/plasma 68.80 83.70 50.54 68.26 45.7 
concentration ratio 
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RAW DATA TABLE 24 BHU) # 28 GROUP 3 Urine collected 
on day 35 

Experimental day 0 4 8 12 16 20 24 28 32 36 

Body weight (g) 160 150 159 157 156 140 

1 1 

Food intake (g/day) 
7. 65 

Water intake (ml/day) 0.86 0.60 1.63 1.50 

Feces output , ,, . 
(dry natter) 0.99 1.13 0.94 

Uric acid . , . 
content (mg/g; 242 66 128 

Na content (mg/g) 3.52 1.96 1.60 • 

K content (mg/g) 21.4 21.9 25.6 

Urine collection period 
lenpth fmlntii-As') 

1 
240 

2 
300 3(?0 

4 
360 30C? 

Urine 
output 

whole 
(g/kg-day) 

supn. 

60.3 

59.2 

29.5 

27.2 

31.8 

29.2 

37.9 

34.0 

36.3 

31.1 

Uric acid 

l^g/K.g*nay; 

content (mg/g) 18 67 70 100 132 

whole (mg/gj""" 
0.72 1.14 0.88 0.62 0.79 

Na 
content supn. (mg/ml) 0.67 0.95 0.78 0.56 0.68 

percent ppt. 6.5 16.7 12.0 7.7 13.6 

whole (mg/g) 4.27 8.17 7.30 10.08 6.98 

K 
content 

supn. (mg/ml) 3.48 5.14 4.44 7.08 4.40 

percent ppt. 18.5 37.2 39.1 29.8 36.9 

GFR (ml/kg-min) 1.46 1.30 0.76 0.78 0.85 

Inulin urine/plasma 35.63 68.97 37.58 33.27 39.20 
concentration ratio 
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RAW DATA TABLE 25 BIRD # 29 GROUP # 3- Urine collected 
on day 3 5  

Experimental day 0 4 8 12 16 20 24 28 32 36 

Body weight (g) 154 140 139 135 133 130 

1 1 
Food intake (g/day) 5 

1 
.80 

Water intake (ml/day) 1.71 0.60 1.22 1.00 

Feces output , . 
(dry matter) 0.82 0.72 

Uric acid . , . 
content (mg/g) 99 69 

Na content (mg/g) 2.48 2.28 • 

K content (mg/g) 22.5 24.0 

Urine collection period 
leneth Cm-f.Tmrps'i 

1 
240 

2 
300 3(?0 3̂ 0 30C? 

Urine 
output 

whole 
(g/kg«day) 

supn. 

44.6 

43.2 

18.6 

17.9 

22.9 

22.6 

33.7 

32.4 

57.5 

56.0 

Uric acid content (mg/g) 14 27 10 36 24 

whole (mg/g) 0.39 1.40 0.91 0.67 0.55 

Na 
content supn. (mg/ml) 0.38 1.39 0.89 0.60 0.31 

percent ppt. 0 0 2.1 9.0 42.0 

whole (mg/g) 3.25 2.55 0.75 3.12 

K 
content 

supn. (mg/ml) 2.82 1.65 0.73 1.94 

percent ppt. 13.3 35.6 2.7 37.8 

GFR (ml/kg*min) 0.79 0.90 0.67 1.23 1.02 

Inulin urine/plasma 26.40 72.84 42.53 54.51 26.2 
concentration ratio 
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