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ABSTRACT

A metabolic balance study was used to investigate the renal adaptation to 

dietary calcium deprivation in laboratory rabbits. This was accomplished by 

first feeding the rabbits a +Ca (0.9% Ca) diet to establish pre-deprivation 

urinary calcium excretion rates (UVq3) and urinary phosphorus excretion rates

(UVp), which may be referred to as baseline values. The rabbits were then fed

a calcium deficient diet (0.08% Ca) and later were re-fed the +Ca diet. Daily 

measurements of food and water intake as well as fecal and urinary output 

were made during the entire study. The urine which was collected daily was 

analyzed for calcium and phosphorus content, and daily urinary excretion rates

of both were calculated for each rabbit.

The dietary calcium deprivation diminished urinary Ca excretion within 

hours in the laboratory rabbit and sustained deprivation resulted in 

complete elimination of Ca from the urine in approximately two weeks. 

Re-feeding the calcium-deprived rabbits a +Ca diet resulted in the immediate 

appearance of Ca in the urine, but the UVq3 were persistently below 

pre-deprivation values. Furthermore, we have shown that pre-deprivation 

UVca values can be achieved and maintained or exceeded upon the

re-feeding of the +Ca diet following sustained dietary calcium deprivation.
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INTRODUCTION

Many laboratories have investigated the locations, mechanisms, and 

hormonal regulation of calcium and phosphorus transport across the renal 

tubule (Bourdeau et al., 1986). Segments of the rabbit nephron perfused in 

vitro have been used for these studies, primarily because they are more easily 

dissected than nephrons from other mammalian species. The renal handling 

of calcium and phosphorus by the rabbit nephron is assumed to be 

comparable to that of other mammals (Burg and Orloff, 1973).

However, the findings of these investigations are somewhat 

unsubstantiated without the understanding of the whole animal mineral 

metabolism in this species. There is relatively little knowledge of mineral 

metabolism of the rabbit as compared to that of the dog, rat, or human. The 

results of these experiments cannot be used to interpret balance or clearance 

findings in other species in the absence of information regarding the renal 

handling of calcium and phosphorus in rabbits. Investigations of calcium and 

phosphorus metabolism in rabbits using metabolic balance studies, as well as 

other methods, will result in information which will provide a background 

against which to interpret the results of the perfusion experiments (Bourdeau et 

al., 1986).

Unlike the rat, dog, or human, which excrete only 1-2% of the calcium (Ca) 

filtered at the glomeruli, the rabbit normally excretes up to 45%. Similar to 

these other mammalian species, however, rabbits reduce urinary Ca excretion
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in response to dietary deprivation of this mineral. Although previous studies 

have shown that the renal adaptation to Ca deprivation is rapid, neither the 

time course nor the magnitude of this response, either acutely or chronically, 

has been characterized in detail. The purpose of this study was to investigate 

the renal adaptation to dietary calcium deprivation in young, growing female 

rabbits. The young rabbits were chosen to study because they are in a period 

of rapid growth which includes skeleton formation. This, coupled with a 

calcium deficient diet, provides a maximal stimulus for calcium conservation by 

the kidney (Chapin and Smith, 1967). To study the renal response to Ca 

deprivation in laboratory rabbits, changes in the urinary Ca excretion rate

(uvCa) were investigated, both during the acute and chronic phases of Ca

deprivation, and during recovery from Ca deprivation using a metabolic 

balance study.
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LITERATURE REVIEW

Homeostasis

Homeostasis refers to the maintenance of a steady-state level of plasma 

constituents. An organism attempts to maintain a given plasma level of certain 

constituents (i.e. ions and minerals), although the input and output of these 

may vary. The maintenance of the plasma and extracellular calcium 

concentration in the body is a prime example of homeostasis. For example, 

drastic changes in dietary calcium input have little immediate effect on the 

plasma level of this mineral. Only after prolonged deprivation (i.e. weeks) is 

the steady-state plasma calcium level affected (Bronner, 1982).

Systems Regulating Calcium Homeostasis

Basically, three systems are involved in calcium homeostasis: intestinal, 

skeletal and renal. The intestine provides the means for dietary calcium to 

enter the plasma. The skeleton serves as storage for calcium leaving the 

plasma, and the kidneys regulate calcium loss from the plasma. In other 

words, the net intestinal input raises the plasma calcium level; whereas, 

skeletal and renal responses lower it (Bronner, 1982).

Calcium Regulating Hormones

The regulation of biological processes depends on the transmission of 

information that is, for the most part, chemical in nature. The information which
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results from certain physical changes is transformed into chemical information 

which is then propagated throughout the biological system. The information 

flow is of two types: flow of mass, as of calcium circulating in the blood to which 

organs like kidney or bone respond by excretion or deposition, and flow of 

specific messenger molecules, such as parathyroid hormone. Specific 

messenger molecules evolved to bring about more rapid changes than those 

caused by changes of flow. The development of these specific messenger 

molecules made it possible to modulate the nature of the change. However, 

communication still takes place in the absence of the messenger molecules 

and calcium metabolism can still be regulated, although regulation is less 

efficient. The three major hormones involved with calcium homeostasis are 

parathyroid hormone, calcitonin and 1,25-dihydroxycholecalciferol (Bronner, 

1982).

Parathyroid Hormone (PTH)

Parathyroid hormone is secreted by the parathyroid glands which are 

located behind the thyroid gland. PTH serves to control the calcium ion 

concentration in the extracellular fluid by controlling absorption of calcium from 

the gut, excretion of calcium by the kidneys and release of calcium from the 

bones. PTH may act directly or by the cAMP secondary messenger 

mechanism. The secretion of PTH is controlled by the calcium ion 

concentration in extracellular fluid (feedback mechanism) (Guyton, 1986).

An infusion of PTH causes an increase in calcium concentration of the
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blood and a decrease in the phosphorus concentration. The rise in calcium 

concentration is caused by absorption of calcium and phosphorus from the 

bone and a decrease in urinary calcium excretion. The decrease in 

phosphorus concentration is the result of excessive urinary phosphorus 

excretion which overrides the increased phosphate absorption from the bone. 

Parathyroid hormone increases calcium and phosphorus absorption in the 

intestine by increasing the formation of 1,25-dihydroxycholecalciferol from 

vitamin D (Guyton, 1986).

The loss of phosphate in the urine is caused by a decreased reabsorption 

of phosphate ions by the proximal tubule. The decrease in urinary calcium 

excretion is due to an increased calcium reabsorption in the distal tubules and 

collecting ducts. Without the action of PTH, the continual loss of calcium in the 

urine would result in complete depletion of this mineral from the bone (Guyton, 

1986).

Parathyroid hormone has two separate effects on bone: a rapid phase 

which takes place within minutes (osteolysis), and a slow phase which 

requires several days or weeks. This latter phase is due to the gradual 

activation of osteoclasts (Guyton, 1986).

In prolonged calcium excess or prolonged calcium deficiency, only the 

parathyroid hormonal mechanism seems to be of importance in maintaining 

plasma calcium concentration. In the face of calcium deficiency, PTH can 

stimulate enough calcium absorption from the bones to maintain normal 

plasma calcium concentration for a year or more before the bone calcium
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supply is exhausted. Thus, in effect, the bones are a large buffer-reservoir of 

calcium which can be controlled by PTH. However, the ultimate long-term 

control of calcium ion concentration is assumed by vitamin D and PTH in 

controlling calcium absorption from the gut and calcium excretion in the urine 

(Guyton, 1986).

Renal Effects of PTH in the Rabbit

The renal effects of PTH in rabbits appear to differ from other mammalian 

species. Dennis demonstrated that PTH fails to inhibit phosphate transport in 

the isolated proximal convoluted tubule (PCT) of the rabbit (Dennis et al., 

1978). This finding contrasts the well-documented inhibitory effect of the 

hormone on phosphate reabsorption in the PCT of all other species in which it 

has been directly studied (man, dog, rat and sheep) (Agus et al., 1973; Amiel et 

al., 1970; Brunett et al., 1973).

Another group of investigators designed an experiment to examine the 

effects of PTH infusion on renal excretion of phosphate, calcium and sodium in 

the rabbit. They demonstrated that PTH infusion did not alter absolute or 

fractional excretion of phosphate in the rabbit which differs from the 

phosphaturic effect at a similar dose in the other mammalian species. The PTH 

failed to reduce tubular phosphate reabsorption. This observation was also 

made in parathyroidectomized rabbits. However, urinary calcium excretion did 

decrease and sodium excretion increased. Urinary cAMP excretion was 

unchanged (Gilbert et al., 1980).
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Studies involving hamsters have also revealed an isolated resistance to 

PTH-induced phosphaturia. The investigators did demonstrate that making the 

hamsters acidemic did cause a phosphaturic response to PTH (Knox et al., 

1977). However, another study demonstrated a normal phosphaturic respose 

to both PTH and cAMP in the hamster (Burnatowska et al., 1977). These 

discrepancies may be related to whether or not the animals are fasted prior to 

the experiment. In rabbits, acute acidemia failed to expose a phosphaturic 

response to PTH (Gilbert et al., 1980).

Although phosphorus absorption occurs predominantly in the proximal 

nephron of most species, both sodium and calcium have significantly distal 

reabsorptive sites. The absence of phosphaturia with enhanced tubular 

reabsorption of calcium and rejection of sodium suggests that PTH may act on 

nephron sites other than the PCT in rabbits. However, PTH does stimulate 

adenylate cyclase in the PCT of rabbits (Gilbert et al., 1980).

Another significant finding of this investigation is the ability of this species 

to maintain phosphate balance by mechanisms which are independent of PTH. 

This is indicated by normal values of serum phosphorus and the ability to adapt 

to a high phosphorus intake by increasing fractional phosphate excretion 

(Gilbert et al., 1980).

Calcitonin

Calcitonin is secreted by the parafollicular cells of the thyroid gland and 

promotes the deposition of calcium in the bones, thereby decreasing calcium
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concentration in the extracellular fluid. Its secretion is controlled by a feedback 

mechanism. The effects of calcitonin on the plasma level of calcium are 

opposite to those of PTH (Guyton, 1986).

Calcitonin reduces plasma calcium concentration in three different ways. 

The first effect, which is immediate, is to decrease the osteolytic effect of the 

osteocytic membrane throughout the bone, thus shifting the balance in favor of 

deposition of calcium in the rapidly exchangeable pool of bone calcium salts. 

Secondly, within about an hour, there is an increase in osteoblastic activity. 

The third and most prolonged effect is to decrease the formation of new 

osteoclasts from the osteoprogenitor cells. This, in turn, leads to a decreased

number of osteoblasts. The net result is decreased osteoclastic and

osteoblastic activity. The effect on plasma calcium concentration is transient. 

In young animals, plasma calcium ion concentration decreases rapidly upon 

secretion of calcitonin. This effect is caused by the rapid bone remodeling. In 

adults, however, calcitonin has only a weak effect. This is due to the overriding 

effect of PTH upon decrease in plasma calcium levels and the daily rates of 

absorption and deposition of calcium which are very small (Guyton, 1986).

1,25-Dihydroxycholecalciferol

1,25-Dihydroxycholecalciferol, the most active metabolite of vitamin D, acts 

as a hormone to promote intestinal absorption of calcium. This hormone 

serves to promote active transport of calcium through the epithelium of the 

ileum, especially increasing the formation of a calcium binding protein in the
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epithelial cells that aids in calcium absorption (Guyton, 1986).

Renal Handling of Calcium

* As previously noted, the kidneys are an important part of the systems

controlling calcium homeostasis. Kidneys regulate urinary excretion in such a 

way that the appropriate level of calcium is maintained in the extracellular

fluids.

In plasma, calcium exists in three forms: free divalent cations, in complexes 

with small inorganic and organic anions, and bound to proteins. Calcium 

bound to plasma proteins is excluded from the glomerular filtrate so the tubular 

fluid contains only ionized calcium and calcium complexes. Urinary calcium 

excretion represents the difference between the glomerular filtration of calcium 

and its net tubular absorption (Bourdeau, 1983). Under normal circumstances 

in laboratory rabbits, 45% of the calcium filtered at the glomerulus is excreted 

in the urine (Bourdeau et al., 1986).

Within the individual nephron, 65% of the calcium filtered at the glomerulus 

is absorbed in the proximal tubule, 20% in the ascending limb of Henle's loop 

and most of the remaining calcium is absorbed in the distal tubule. Less than 

5% is absorbed by the collecting ducts (Bourdeau, 1983 ).

Urinary Calcium Excretion In Rabbits

In rabbits, urinary excretion seems to be a major calcium homeostatic 

mechanism. Rabbits excrete large amounts of calcium in the urine and in this
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respect differ from most species in which urinary excretion is not regarded as a 

major pathway of calcium loss (Cheeke and Amberg, 1973). The large amount 

of calcium excreted in the urine implies efficient calcium absorption.

There are two possible explanations for the large amount of urinary 

excretion of calcium: a relatively large filtered load of calcium reaching the 

renal tubule, or a relatively reduced rate of tubular reabsorption of calcium 

(Kennedy, 1965).

Between 45 and 80 per cent of the plasma calcium in the rabbit is 

diffusible; thus, the diffusible calcium levels in the plasma is approximately 9 

mg/100 ml. The normal glomerular filtration rate in the rabbit is 3.12 ml/min/kg 

of body weight. A rabbit weighing 2.5 to 3 kg has a daily volume of glomerular 

filtrate of about 12 liters, which would imply that the required tubular 

reabsorption of calcium would have to be much less than the 97% found in 

man (plasma Ca level of 6.05-6.35 mg/100ml) (Kennedy, 1965).

A possible reason for the low tubular reabsorption of calcium has been 

suggested. Although the rabbit has a high level of diffusible calcium in its 

plasma, the proportions of ionized and complexed calcium (i.e. to citrate) are 

unknown. It has been suggested that in man, the diffusible but complexed 

fraction of plasma calcium is poorly reabsorbed by the renal tubules. The 

levels of citric acid found in rabbit serum are much higher than that found in 

man. This fact, coupled with the high urinary calcium of the rabbit, supports the 

hypothesis that there is a correlation between the plasma level of diffusible 

complexed calcium and the amount of calcium excreted in the urine (Kennedy,
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1965).

A comparable explanation for the high urinary calcium losses considers 

the level of serum calcium. The rabbit differs from other animals such as rats, 

swine and ruminants in that the plasma calcium level reflects the dietary level 

of calcium. Urinary calcium excretion tends to vary directly with the level of 

serum calcium, which could explain the high levels of calcium lost in the urine 

(Cheeke and Amberg, 1973).

Dietary Calcium Requirements of Rabbits

The calcium requirements of the rabbit are thought to be high (Kennedy, 

1965). For maximum rate and efficiency of gain, rabbits require approximately 

0.22% calcium in the diet (Chapin and Smith, 1967).

Calcium Deprivation In Rabbits

The renal adaptation to dietary calcium deprivation in rabbits has not yet 

been studied in detail. However, previous studies have indicated that a rapid 

renal adaptation to dietary calcium deprivation does exist.

A recent study demonstrated that rabbits fed a low calcium diet exhibited a 

significant decrease in 24 hr excretion of calcium (46%) and plasma calcium, 

and a significant increase in 24 hr excretion of phosphate, compared withe
rabbits fed a normal calcium diet. These results indicate that a low-calcium diet 

increases urine phosphate and decreases urine calcium, presumably by 

stimulating endogenous PTH activity. Also observed by these investigators
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was a reduced food intake by the rabbits on the low-calcium diet compared to 

those being fed a normal calcium diet (Whiting and Quamme, 1984).

In another study, the renal adaptation to acute dietary deprivation was 

studied. The rabbits, housed in metabolism cages, were fed a calcium 

deficient diet for 8 consecutive days. Within 24 hr, a decrease in urinary 

calcium excretion was observed as well as an increase in urinary phosphorus 

excretion. Urinary calcium excretion reached a nadir by day 5 and remained 

low thereafter (Bourdeau et al., 1986).

An increase in urinary cAMP excretion was observed on the first day of 

calcium deprivation and this may imply the action of PTH on the renal tubules 

in order to accelerate calcium reabsorption. By day 8 of the study, total and 

ultrafiltrable calcium were reduced and plasma concentration of PTH was 

increased. The estimated filtered load of calcium was not reduced by the 

decrease in the plasma ultrafiltrable calcium concentration so the reduced 

urinary calcium excretion rates indicate increased tubular reabsorption of 

calcium which could be due to the increased plasma level of PTH. Another 

aspect that requires further investigation is the existence of a possible 

PTH-independent mechanism (Bourdeau et al., 1986).

The observed increased urinary phosphorus excretion rate is suggested to 

be a result of an increased filter load of phosphorus and the inhibition of its 

tubular reabsorption. The increased filtered load of phosphorus arises from an 

increased glomerular filtration, and mild hyperphosphatemia which may be 

caused by a slightly increased intestinal phosphorus absorption and the
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effects of elevated plasma concentrations of PTH and

1,25-dihydroxycholecalciferol to stimulate phosphorus release from bone into 

the extracellular fluid (Rassmussen and Bordier, 1974). The elevated levels of 

PTH result in an inhibited tubular reabsorption of phosphorus (Berndt and 

Knox, 1980; Tabei et al., 1984; Tan et al., 1987).

Bourdeau concluded that the rapid and major reduction in urinary calcium 

excretion rate which is caused by an accelerated tubular reabsorption of 

calcium during dietary calcium deprivation is an appropriate response to 

maintain homeostasis. Further investigation is required to elucidate the 

mechanism of this renal adaptation (Bourdeau et al., 1986).

4
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MATERIALS AND METHODS

A metabolic balance study was used to accomplish the following objectives:

1) to determine baseline UVq3 and UVp prior to calcium deprivation,

2) to measure UVq3 every 4 hr during the first 24 hr of calcium deprivation to

characterize the acute adaptation,

3) to measure the time required to reach minimal urinary calcium excretion 

and the magnitude of this reduction, and

4) to determine if and when complete recovery of baseline UVga occurs upon

the re-feeding of the normal calcium diet.

The objectives were accomplished with a four phase study:

phase 1 phase 2 phase 3 phase A
acclimatization
(+Ca)

control
(+Ca)

Ca deprivation 
(-Ca)

recovery
(-Ca)

Fig. 1 Metabolic balance study design.

ACCLIMATIZATION

Ten female albino rabbits were purchased from Lesser's Rabbitry, Union 

Grove, Wisconsin. Upon arrival, the rabbits were identified, weighed, and 

placed into stainless steel cages in pairs. These housing arrangements were

made in order to increase the feed intake of the rabbits. The rabbits were

housed in a room with a thermostatically controlled temperature of
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23.4±0.7(SD)°C. Fluorescent ceiling lamps illuminated the room 12 hr daily.

The rabbits were fed a purified synthetic diet (Custom Zikos Formula II

Normal CaCOgRabbit diet, ICN Nutritional Biochemicals, Cleveland, Ohio)
S

until they acheived a weight of 1.3 kg. This diet contains 0.9% calcium and will

be referred to as the control or +Ca diet. Both the feed and distilled deionized

water (DDW) were made available ad libitum during the acclimatization period. 

Food intake and the weights of the rabbits were measured using a top-loading

mechanical balance.

CONTROL PHASE

Upon achievement of the desired weight (mean weight = 1328.9±7.5(SE) 

g), the rabbits were removed from the acclimatization cages and placed 

individually in stainless steel metabolism cages which are enclosures 

designed to facilitate urine and fecal collection (Fig. 2, page 16). Placement of 

the rabbits into the metabolism cages was considered the initiation of the 

control phase of the experiment. Prior to the study's onset, the metabolism 

cages were thoroughly cleaned. This cleaning process concluded with several 

rinses of DDW to remove any possible deposits of Ca or P. After air drying, the 

surfaces of the funnels were coated with heavy mineral oil to facilitate urine

* collection.

The rabbits were offered 80.0 g of the control (+Ca) diet for 6 consecutive 

days. Distilled deionized water was available ad libitum.

1 5



water bottle* 
feeder

fecal screen

funnel

<! <!

tubing

urine collection bottle

Fig. 2 Structure of metabolism cage.
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Daily measurements of food (g) and water (g) intake and urine (g) and fecal (g) 

output were made using a top-loading mechanical balance. The volume of 

urine output (ml) was measured using a polypropylene graduated cylinder. 

These measurements reflected 24 hr periods.

Daily measurements:

a) food

Food was placed into a stainless steel feeder which was covered 

with aluminum foil to avoid contamination. Eighty grams of feed 

were offered daily. Daily food consumption was determined using 

a top-loading mechanical balance.

b) water

Distilled deionized water was available to the rabbits ad libitum

throughout the entire study. The water bottles were situated so 

any spillage would not dilute the urine collected. Daily water 

intake was measured using a top-loading mechanical balance 

(1 g H20 = 1 ml H20).

c) urine

Urine was collected in a polypropylene bottle which was placed 

underneath the metabolism cage funnel. The collection bottle 

contained 70 ml (35 ml during the Ca deprivation phase) of 

2N HCI to clarify the urine and 35 ml of light mineral oil to

1 7



prevent evaporation. After a 24 hr period, the collection bottle 

was removed and replaced with another. The bottle containing the 

urine was then capped and shaken. The cap was periodically 

loosened to release the CO2 produced in the reaction:

2HCI + CaCOg------>CaCl2 + H2CO3—>H2O + CO2 (g).

Once all the CO2 was released and a homogenous mixture was

obtained, the urine was placed into a polypropylene graduated 

cylinder and allowed to stand for at least 5 minutes to allow the 

oil and urine phases to separate. The volume of the urine and HCI 

was then recorded and the urine volume was determined. Using a 

syringe with plastic tubing, a urine sample was removed from the 

cylinder and placed in a 20 cc blood dilution vial for later 

analysis. The remaining urine was dicarded.

d) feces

The fecal pellets were removed from the fecal screen located in 

the bottom of the metabolism cage. The mass of the pellets was 

measured. The feces were placed in freezer storage for later 

analysis. (NOTE: The fecal samples will be analyzed in the 

summer of 1988 so that the metabolic balance study will be 

complete.)

During the control phase, baseline UVq3 and UVp were determined.

1 8



CALCIUM DEPRIVATION PHASE

Following the 6 day control phase, the rabbits were offered 80.0 g/day of 

the low calcium (-Ca) (Custom Zikos Formula III Ca Deficient Rabbit Diet, ICN 

Nutritional Biochemicals, Cleveland, Ohio) which contains 0.08% Ca.

During the first 24 hr of calcium deprivation, urine collections were made 

every 4 hr. Food and water intakes were also measured every 4 hr.

After the first 24 hr of Ca deprivation, daily measurements of food and 

water intake as well as fecal and urine output were made as previously 

described. This phase continued until urinary calcium excretion rates reached 

and maintained a value indistinguishable from zero (<0.03 pg/min. as 

determined by analytical techniques which will be described later) for 4 days 

or until the phase had lasted 42 days. The time required to reach minimum 

values and what these values were was determined.

RECOVERY PHASE

Upon completion of the calcium deprivation phase, the rabbits were refed 

the +Ca diet. Daily measurements were made. This phase lasted until urinary 

calcium excretion rates reached and maintained or exceeded pre-deprivation

• baseline values or 21 days. The time course and magnitude of the recovery

was studied.
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ANALYTICAL TECHNIQUES

The daily urine samples obtained from each rabbit during all phases of the 

study were analyzed for calcium, phosphorus, and creatinine content. These 

values were coupled with daily urine volume measurements were used to 

determine urinary excretion rates (pg/min) of each element. Calcium content 

was measured by automatic fluorescence-titration (Calcette, Model 4008, 

Precision Systems, Inc., Sudbury, Mass.). Phosphorus content was measured 

using visible light spectrophotometry ( Spectronic 20, Bausch and Lomb, 

Rochester, New York ) following the phosphorus assay procedure 

(Goldenberg and Fernandez). Creatinine (Cr) content was measured using 

visible light spectrophotometry and a modified Jaffe’ reaction (Sigma Chemical 

Company, technical bulletin No. 555, St. Louis, MO.).

CALCULATIONS

to calculate urinary excretion rates(pg/min):

for Ca: UVca= (Ca (ua/dl)) x 4.008 amu x urine vol (dl) x1p3 gq/mq 
24 hrs x 60 min/hr

for P: UVp= (Pfgq/dl)) x urine volume (dl) x f 03pg/mg
24 hrs x 60 min/hr

for Cr: UVcr= (Cr(uq/dl)) x urine volume (dl) x 103ng/mg
24 hrs x 60 min/hr
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Urinary creatinine excretion rates (UVQr) are used as a measure of the

glomerular filtration rate. They can be used to normalize the UVca and UVp 

data. However, for this study, they will be excluded from the results and 

discussion because the glomerular filtration rate does not change significantly 

during calcium deprivation nor is it necessary to normalize the data.
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RESULTS

CONTROL PHASE.

Table 1. Mean daily input/output measurements for control phase.

mean urine output (ml) 133.7±6.6(SE)
mean fecal output (g) 22.9±0.8
mean water intake (ml) 250.5±13.4
mean feed intake (g) 75.1±1.1

Table 2. Mean UVq3 and UVp for individual rabbits in control phase 
(pre-deprivation baseline values).

rabbit no.

mean UVr.a 
(pg/min)

mean UVp 
(pg/min)

3162 136.3±25.8(SE) 14.8±1.5(SE)
3163 159.3±7.5 13.0±1.6
3164 96.2±9.8 1.9±0.7
3165 72.2±14.9 8.0±2.5
3166 123.1±19.3 15.0±2.9
3167 133.6±31.4 21.8±6.3
3168 132.5±17.5 17.2±5.6
3169 151.3±8.9 22.3±2.9
3172 129.5±14.5 7.4±1.1
3173 135.9±17.3 10.0±1.2

The mean UVca for the control phase was 127.0±6.1 (SE) pg/min and the 
mean UVp was 13.1 ±1.2 pg/min.
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CALCIUM DEPRIVATION PHASE:

FIRST TWENTY-FOUR HOURS

Within the first 24 hr of calcium deprivation, the UVca decreased 
dramatically, while the UVp increased markedly.

Table 3. UVq3 and UVp for individual rabbits during first 24 hr Ca deprivation.

time period: 0-8 hrs 8-16 hrs 16-24 hrs

rabbit no,
UVca UVp UVca UVp UVCa UVp

3162 43.0 17.6 34.3 30.0 0.4 26.7
3163 128.0 109.4 4.4 17.8 1.8 38.4
3164 * * 41.6 10.9 42.9 14.8
3165 36.7 28.2 2.3 34.2 0.03 24.4
3166 6.3 3.9 55.3 77.8 8.6 33.9
3167 69.1 32.1 ★ * 16.2 64.8
3168 57.9 40.4 ★ * 39.3 41.5
3169 5.3 5.6 10.9 69.3 1.5 48.5
3172 25.6 19.4 34.0 57.7 0.5 30.7
3173 * * 58.0 112.7 * *

* = did not urinate during particular time period

Table 4. Mean UVga and UVp for first 24 hr Ca deprivation.

time Deriod

.mean UVca 
(pg/min)

mean UVp 
(pg/min)

0-8 hours 46.5±14.1(SE) 32.1±11.9
8-16 hours 30.1 ±7.8 51.3±12.2
16-24 hours 12.4±5.7 36.0±4.9
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Fig. 3 Comparison of UVq3 and UVp for the first 24 hr of Ca deprivation.

Table 5. Comparison of mean UVq3 and UVp for control phase with mean 
UVca and UVp for first 24 hr Ca deprivation.

control phase 1st 24 hours of -Ca
mean UVQa(|ig/min) 127.0±6.1(SE) 24.1±3.4
mean UVp (pg/min) 13.1±1.2 33.0±3.8

An 81% decrease was observed in the mean UVca and a 151.9% increase 
was observed in the mean UVp within the first 24 hr of Ca deprivaton.
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ENTIRE CALCIUM DEPRIVATION PHASE (including first 24 hr)

Table 6. Mean daily input/output measurements for Ca deprivation phase.

mean urine output (ml) 
mean fecal output (g) 
mean water intake (ml) 
mean feed intake (g)

134.9±3.2(SE)
19.1*0.5

295.9*6.9
66.5*0.9

Table 7. Time required to reach UVq3=0 and UVq3 at Ca deprivation phase 
end if UVq3=0 not reached for individual rabbits.

time to reach UVq3=0 if not,
UVca at phase end

rabbit no.
(days) (pg/min)

3162 0.4
3163 22
3164 1.6
3165 22
3166 0.8
3167 20
3168 22
3169 18
3172 0.2
3173 0.0

The mean UVq3 for the calcium deprivation phase (excluding days of 
UVq3=0) was 3.47±0.4(SE) pg/min and the mean UVp was 81.6±2.1 pg/min.

Five rabbits reached minimum UVq3 (<0.03 pg/min, 0.00 reading on
Calcette 4008) in 14.8^1.8(80) days. The five other rabbits remained in the 
calcium deprivation phase for 42 consecutive days without ever reaching
uvCa=o-
Fig. 4 is a comparison of UVq3 and UVp for rabbit 3168--calcium deprivation 
phase (page 26).
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Fig. 4 Comparison of UVq3 and UVp for rabbit 3168--Ca deprivation phase.
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RECOVERY PHASE

Table 8. Mean daily input/output measurements for recovery phase.

mean urine output (ml) 
mean fecal output (g) 
mean water intake (ml) 
mean feed intake (g)

168.7*4.1 (SE) 
23.6*0.7

345.2*8.2
78.6*0.6

Table 9. Comparison of baseline UVq3 with UVq3 at recovery phase end for 
individual rabbits and times required to achieve baseline values.

baseline UVq3 days to reach if not, UVCa
(pg/min) baseline at phase end

(pg/min)
'abbit no.

3162 136.3±25.8(SE) 58.0
3163 159.3*7.5 138.5
3164 96.2*9.8 20
3165 72.2*14.9 14
3166 123.1*19.3 21
3167 133.6*31.4 113.3
3168 132.5*17.5 14
3169 151.3*8.9 112.4
3172 129.5*14.5 124.5
3173 135.9*17.3 21

The mean UVq3 for the recovery phase was 97.6*2.7(SE) pg/min and the 
mean UVp was 18.5*0.8 pg/min.

Five rabbits reached and maintained or exceeded pre-deprivation UVq3
baseline values in 18.0*1.6(SE) days. After 21 days in recovery, the five 
remaining rabbits did not achieve baseline value.
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Table 10. Comparison of mean UVq3 and UVp for Ca deprivation phase with 
mean UVq3 and UVp for first 24 hr recovery.

last day of -Ca first day of recovery
mean UVQa(pg/min) 0.44±0.2 42.0*6.0
mean UVp (pg/min) 113.7*12.3 44.2*3.8

A 9445% increase was observed in the mean UVq3 and a 61.1% increase 
was observed in the mean UVp in the first 24 hr of recovery.

Fig. 5 displays UVq3 and UVp for rabbit 3168 during the entire study (page 
29).

NOTE: The food and water intake as well as the fecal output measurements 

will be used to complete of the metabolic balance study. As previously 

mentioned, fecal analysis will be completed during the summer of 1988. It will 

then be possible to study complete input/output measurements.
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Fig. 5 Comparison of UVca and UVp of rabbit 3168 for the entire study.
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DISCUSSION AND CONCLUSIONS

The kidneys play an important role in controlling calcium homeostasis. 

The kidneys regulate urinary calcium excretion in order to maintain the 

appropriate level of calcium in the extracellular fluids. In rabbits, urinary 

calcium excretion seems to be a major calcium homeostatic mechanism and in 

this respect, differs from most other mammalian species. In the face of dietary 

calcium deprivation, urinary calcium excretion is reduced. Increased tubular 

reabsorption of calcium plays a role in this adaptation.

In the present study, the renal response to acute and chronic dietary 

calcium deprivation and recovery from this deprivation was examined in 

laboratory rabbits. Young growing rabbits were fed a calcium deficient diet 

(0.08% Ca) to provide a maximum stimulus for calcium conservation by the 

kidneys.

The renal adaptation to calcium deprivation is rapid. Within the first 24 hr 

of dietary calcium deprivation, the mean UVca was reduced by 81%. In five

rabbits, continued calcium deprivation resulted in a minimal UVca of less than 

0.03 pg/min (as determined by the Calcette 4008) in 14.8±1.8(SD) days. The 

remaining rabbits were deprived of calcium for 42 consecutive days and UVq3

did not reach this minimum value. However, the UVq3 was significantly

reduced (0.2-1.6 pg/min) during this phase. Simultaneous to this UVca
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reduction was an increase in UVp.

These results seem to indicate the action of PTH as a mechanism for the

renal adaptation. Bourdeau and others demonstrated that the estimated 

filtered load of calcium was not reduced by the decrease in plasma ultrafitrable 

calcium concentration. Therefore, the reduced urinary calcium excretion 

indicates that the tubular reabsorption of calcium was increased (Bourdeau et 

al, 1986). This increase is most likely due to the action of PTH, but other 

possibilities, such as a PTH independent mechanism, require further 

investigation.

The reduction in UVq3 was accompanied by an increase in urinary

phosphorus excretion. Bourdeau suggested that this increase is due to an 

increased filter load of phosphorus and the inhibition of its tubular 

reabsorption. The increased filtered load of phosphorus arises from an 

increased glomerular filtration and mild hyperphosphatemia which may be 

caused by a slightly increased intestinal phosphorus absorption and the 

effects of elevated plasma concentrations of PTH and calcitriol to stimulate 

phosphorus release from bone into the extracellular fluid. The elevated levels 

of PTH result in an inhibited tubular reabsorption of phosphorus (Bourdeau et 

al., 1986). However, Gilbert (1980) demonstrated that PTH failed to reduce 

tubular phosphate reabsorption, and urinary phosphorus excretion remains 

unchanged in the rabbit. Obviously, the effect of PTH in rabbits requires further 

investigation.
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Upon the refeeding of the control diet to calcium deprived rabbits in the 

recovery phase, urinary calcium excretion was immediately increased. 

However, the UVq3 was significantly below pre-deprivation baseline values. 

This may reflect a possible calcium deficit incurred during dietary deprivation 

of this mineral. Five rabbits did achieve pre-deprivation UVq3 baseline values

within 18.1±1.6(SE) days. After 21 days, the remaining rabbits UVq3 did not

achieve baseline values. As UVq3 increased, UVp decreased. Fig. 6

illustates the relationship of UVca and UVp throughout the entire study.

Dietary calcium deprivation in young growing female rabbits resulted in a 

major reduction in UVq3 and a concomitant increase in UVp. These results 

are in agreement with previous studies (Bourdeau et al., 1986). To conclude, 

the renal adaptation to dietary calcium deprivation is rapid, and the major 

adaptation occurs within the first 24 hr of deprivation. Urinary calcium excretion 

may reach undetectable levels within 14.8±1.8 (SD) days of sustained 

deprivation. A complete recovery from dietary calcium deprivation is possible, 

but may reflect a possible incurred calcium deficit. This study has also 

demonstrated that there is in fact an inverse relationship between UVc3 and

UVp (Fig. 6--page 31). The mechanisms by which this occurs require further

investigation. However, the action of PTH does seem to play a role in this 

renal adaptation.
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Fig. 6 Comparison of mean UVq3 and UVp for the entire study.
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Because the renal handling of calcium, the Ca homeostatic response and 

action of PTH in rabbits differ from most other mammalian species, further 

investigation of the renal adaptation to dietary calcium deprivation is needed. 

Future research may include quantitative and qualitative measurements of 

hormones regulating calcium homeostasis during calcium deprivation. These 

measurements would more clearly define the hormonal response to calcium 

deprivation. Also, the mechanism by which reduction in urinary Ca excretion 

occurs requires further investigation, and this may be further studied by 

perfusion experiments on isolated nephron segments. In addition, this study 

when completed will provide complete calcium and phosphorus input/output 

measurements which may prove to be helpful in investigating this aspect of the 

renal response. The fecal analysis, coupled with the results already obtained 

in this study, should answer the following questions: does chronic Ca 

deprivation produce a negative P balance in rabbits and if so, does the latter 

limit the capacity of the kidneys to conserve Ca in this species? The effects of 

PTH in the rabbits also require further investigation and this too can probably 

be accomplished by studies on isolated nephron segments. Future research 

should also include consideration of the possible existence of a 

PTH-independent mechanism for the renal adaptation to dietary Ca 

deprivation.
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