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I. Introduction

Phosphorus is prominently associated with mechanisms and 

structures vital to the maintenance of life in organisms from 

protozoans to mammals. As phosphate it combines in organic com

plexes involved in energy transformations within cells. As inor

ganic phosphate, it associates with calcium in the formation of 

osseous structures. In higher forms of life, phosphate is demon

strated as a major component in acid-base balance (Pitts and Alex

ander, 1948; Pitts, 1963). The necessity of phosphate in life 

functions is clearly seen. However, in comparison to other ions 

in the extracellular environment such as sodium, potassium and 

carbonate, phosphate is relatively scarce. Thus, the organism 

is faced with the essential task of concentrating phosphate 

within the cellular structures. In the vertebrate groups this 

task is accomplished by cellular incorporation of phosphate from 

an extracellular fluid environment. This fluid environnent is 

maintained relatively constant in levels of phosphate concentra

tion. The maintenance is accomplished by humoral regulation. 

Investigation of the hormonal substances involved in phosphate 

regulation stemmed from results accomplished in studies on the 

regulation of calcium levels in the body. It was observed that 

the substances involved in maintenance of blood calcium levels 

were apparently also functioning in the regulation of phosphate.
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A» Honorai regulation of phosphate and calcium.

Vassale and Generale (1896) proposed that Tetany and death 

observed with thyroidectomy may be attributed to the "unwitting 

ablation of the Parathyroids". Following this hypothesis,

MacCallum and Voetglin (1909) and Collip (1925) established that 

Tetany was associated with hypocalcemia; injection of parathyroid 

extracts alleviated the hypocalcémie condition. Greenwald and 

Gross (1925) observed marked phosphaturia after parathyroid ex

tract injections in man. Pursuing this observation, Albright, 

et al. (1929) argued that mobilization of calcium in the body was 

necessarily mediated through this renal effect of the h o m m e .  By 

increasing urinary excretion of phosphate, the result was hypo

phosphatemia. Since the serum becomes unsaturated in respect to 

calcium phosphate, calcium enters the serum more readily from the 

gastrointestinal tract and bone, therefore resulting in hyper

calcemia. For these reasons, they further postulated that the 

primary "target organ" for parathyroid hormone was kidney.

However, parathyroid transplants placed adjacent to skeletal 

structures have resulted in the localized solution of bone (Pitts, 

1963). In studies conducted in nephrectomized animals, parathy

roid hormone is seen to mobilize skeletal calcium and phosphate 

in much the same manner as observed in normal animals (Pitts, 1963). 

The above observations have led to reappraisal and subsequent dis- 

cardation of most of the conclusions of Albright, et al. (1929).
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A  second school of thought concerning parathyroid hormone 

"target organs" has developed. Collip, et aL (1934), and Selye 

(1942) have argued the primary target organ to be bone. Aurt>ach 

(1959) and Rasmussen and Craig (1959), have purified the hormone. 

This work has led to intensive, more basic research into the 

site(s) of hormonal effect.

The observations of phosphaturia following administration of 

parathyroid hormone have led to investigations of direct renal 

effect of the hormone. Beutner and Munson (1960) investigated 

the time course of phosphate excretion after parathyroidectomy
\

and administration of parathyroid extract. They were able to show 

a drop in rate of phosphate excretion within 25-52 minutes after 

parathyroidectomy and a continued decline during the following 

3-5 hours. Subsequent injection of crude bovine parathyroid 

extract resulted in a rise of phosphaturia in as soon as 8 min

utes. Preoperative phosphate values were attained within 18-48 

minutes. After 1-1.5 hours, the rate fell to pre-injection 

levels. The authors concluded a direct but fairly short-lived 

renal action of parathyroid hormone. Pullman, et al (1960), 

demonstrated direct renal effect by unilateral perfusion of dog 

kidney. The response to purified hormone was exclusively or 

preferentially unilateral.

From this evidence as well as from other studies, (Jahan and 

Pitts, 1948; Crawford et aL., 1950; Bartter, 1954; Foulks, 1955;
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Hiatt and Thompson, 1957 a,b; and Thompson and Hiatt, 1957 a,b), 

a direct renal effect is seen to occur. This does not discredit 

the hormonal responses observed on bone, but leads to the conclu

sion that at least part of the action of parathyroid hormone is 

mediated through renal sites.

Assuming a direct renal influence of parathyroid hormone, it 

becomes necessary to examine the site(s) of action of the hormone. 

Before attempting such an examination, a review of the renal hand

ling of phosphate becomes important.

B. Renal handling of phosphate.

Several investigators have shown that a definite maximum tubu

lar reabsorption of phosphate occurs (Pitts and Alexander, 1948; 

Hogben, 1951; Thompson and Hiatt, 1957 a,b; Pitts, 1963). This 

maximum tubular reabsorption (Tmaxp ) is fairly constant over a wide 

range of plasma levels of phosphate (Pitts, 1963). Variations in 

maximum tubular reabsorption occurred following prolonged phosphate 

infusion in humans (Thompson and Hiatt, 1957 a,b; Hogben, 1951).

A  somewhat more constant maximum tubular reabsorption has been 

shewn in dogs (Pitts and Alexander, 1948; Pitts, 1963), but the 

levels were somewhat lower than those observed in humans. Maximum 

tubular reabsorption of phosphate in the dog was attained at a 

filtered load of 0.125 nM/minute and this level remained constant 

at concentrations up to 0.775 mM/minute (Pitts and Alexander,

1948). The average tubular reabsorption of phosphate in the dog



has been shown by these workers to be 0.100 mM/minute. Phosphate 

in excess of the maximum tubular reabsorption is excreted.

The mechanism for tubular reabsorption of phosphate is 

thought to be somewhat alike that of glucose reabsorption (Pitts 

and Alexander, 1948). However, Pitts in his monograph on Renal 

Physiology (1963) clearly points out the differences between the 

two mechanisms. First of all, in physiological circumstances 

plasma concentrations of glucose never exceed the reabsorptive 

capacity of the tubules; therefore, the kidneys do not regulate 

glucose concentrations in the plasma. On the other hand, slight 

changes in plasma levels of phosphate (either increasing or de

creasing) alter the rate of phosphate excretion; subsequently, the 

kidneys do regulate plasma phosphate concentrations. Secondly, 

tubular reabsorption of glucose remains at constant levels, stable 

from day to day. Unlike the tubular reabsorptive mechanism for 

phosphate, it remains fairly insensitive to differences in plasma 

ionic and humoral levels. By saturating the glucose transport 

mechanism Pitts and Alexander (1948) produced a reduction in the 

maximum reabsorption level of phosphate. They postulated that the 

two systems though different may have a step in common. Maximum 

tubular reabsorption of phosphate was shown to increase following 

inhibition of glucose transport with phlorizin. It is possible 

that phlorizin inhibition of glucose transport may liberate the 

common step to phosphate transport and thus enhance it. Thorough

5
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investigation of this relationship has not been observed in the 

literature, and the point remains argumentative, although infusion 

of alanine as well as other amino acids and acetoacetate has been 

demonstrated to depress maximum tubular reabsorption of phosphate 

(Hogben and Bollman, 1951; Pitts, 1963).

Fhosphaturia associated with metabolic acidosis has been 

demonstrated (Pitts and Alexander, 1948; Williams, 1962). However, 

acidosis has not been proven to affect the maximum tubular reab

sorption of phosphate. An increase in the filtered load is 

indicated thereby resulting in increased phosphaturia by the fact

that acidosis results in liberation of soft-tissue and skeletal
\

stores of phosphate. Long tern infusion of phosphate has resulted 

in reduction of maximum tubular reabsorption (Hogben and Bollman, 

1951; Thompson and Hiatt, 1957 a,b; Pitts, 1963). This condition 

was alleviated by infusion of potassium salts (Pitts, 1963).

Hogben and Bollman (1951) observed this potassium effect; however, 

it was inconstant and occurred only when plasma sodium had re

mained unstable. Further analysis of plasma levels of potassium 

and sodium by Hogben and Bollman (1951) suggested a possible 

antagonistic relationship between the two cations in that with 

hypernatremia and hypokalemia increased phosphaturia resulted. 

Infusion of calcium salts (Harrison and Harrison, 1941; Howard 

et al., 1953; Hiatt and Thaipson, 1957 a), has resulted in in

creased tubular reabsorption of phosphate. This occurs presumably
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as a result of decreased secretion of parathyroid hormone.

C. Effects of Parathyroid hormone on renal handling of Phosphate.

Although there has been a claim of artifact by Stewart and 

Bowen (1964), a multitude of evidence has been collected concern

ing the phosphaturic effect of parathyroid hormone. Several inves

tigators have presented evidence to this effect (Harrison and 

Harrison, 1941; Pitts and Alexander, 1948; Jahan and Pitts, 1949; 

Hogben and Bollman, 1951; Bartter, 1954; Hiatt and Thompson, 1957 

a,b; Beutner and Munson, 1960; Aurbach, 1964; Handler et al.,

1964; Jacobs and Verbanck, 1964; Kleeman and Cook, 1964; Talmage 

and Kraintz, 1964). However, the actual mechanism involved at the 

renal site(s) has not been resolved.

Three general mechanisms which have been postulated are:

1. An increased glomerular filtration rate with consequent 

increase filtered load.

2. A  decrease in the maximum tubular reabsorption of phosphate.

3. An increase in phosphate secretion in the distal tubule.

The first of these postulated mechanisms would seem reason

able in that the described maximum tubular re absorption would be 

exceeded and consequent "spilling over" of phosphate into the 

urine would occur. Evidence to this effect has been shown by 

Bartter (1954). Studies on normal human subjects following para

thyroid injection (Hiatt and Thompson, 1957 a,b) have demonstrated 

alteration in filtered load secondary to glomerular filtration
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rate. Acute administration of parathyroid extract in normal in

dividuals was shown to alter renal hemodynamics. (Pitts, 1963; 

Aurbach, 196*+) Crawford et al. (1950) have postulated a ratio 

between tubular phosphate reabsorption and glomerular filtration 

rate. This ratio is fixed close to unity by parathyroidectomy and 

diminished by parathyroid extract. However, unilateral renal 

studies on the dog (Pullman et al., 1960) demonstrated no systemic 

alteration in renal hemodynamics with purified parathyroid extract. 

Hogben and Bollman (1951) have reached the same conclusion.

Hiatt and Thompson (1957 a,b) have presented evidence in sup

port of the second postulated mechanism. These investigators 

demonstrated significant depression in the maximum tubular reab

sorption of phosphate after administration of parathyroid extract, 

although in normal individuals a diminution of maximum tubular 

reabsorption occurred only after prolonged infusion of the extract. 

Further, in hypoparathyroid individuals, a diminution of the 

maximum tubular reabsorption of phosphate has been shown along 

with an increase in filtered phosphate. Such increased sensitivity 

in the hypoparathyroid individual has not been resolved, but a 

possible correlation may be drawn to increased sensitivity to 

thyroid hormone in patients with myxedema, or similarly, increased 

sensitivity to cortisone in patients with adrenal insufficiency. 

Phosphate loading and depletion studies (Thompson and Hiatt,

1957 b) demonstrated reduction of maximum tubular reabsorption 

after prolonged administration of intravenous buffered phosphate.



9

Treatment with aluminum gels results in reduction of phosphaturia. 

The aluminum gels apparently effect a decrease in filtered load. 

Since no alteration in maximum tubular reabsorption is resultant, 

a filtered phosphate leads to a decrease in phosphaturia.

By varying the glomerular filtration rate fran -30% to +50% of the 

mean normal by alteration in the protein diet, Pitts and Alexander 

(191+8) demonstrated no alteration in maximum tubular reabsorption 

of phosphate. Thus, maximum tubular reabsorption is not apparently 

affected by glomerular filtration rate.

The third postulate of effected increase in phosphate secre

tion by the distal tubule has not been afforded a great d^al of 

investigation. Although secretion of phosphate is known to occur 

in fish and amphibians (Jenkin, 1952), it is not known whether the 

secretion is mediated through response to parathyroid hormone in 

these groups. Foulks (1955) has related that in the cat, secretion 

of phosphate occurs after ingestion of phosphate esters. He points 

out that the third postulate cannot be excluded as a result of 

these findings. Further, Foulks argues that reabsorption and 

secretion could function together as this is the favored mechanism 

of renal handling of thiosulfate and potassium. He relates, how

ever, that at no time did excreted phosphate exceed filtered 

phosphate.

On the basis of their results, Thompson and Hiatt (1957) 

have postulated a mechanism that utilizes the first two generally 

postulated mechanisms: it seems entirely conceivable that after
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repeated and prolonged infusion of phosphate a fall in maximum 

tubular reabsorption of phosphate occurs; but with depletion 

studies altering the filtered load, no increase in phosphate 

reabsorption may be incurred by the renal tubules. This would be 

the case because the reabsorption of phosphate by the tubules under 

physiological conditions approximates their maximal capacity and 

hence what approaches results consistant with a hypoparathyroid 

state.

D. Phosphate Homeostasis.

Crawford et al. (1950) have postulated that the relationship 

of filtered phosphate to reabsorbed phosphate results in degrees 

of physiological hyper- and hypoparathyroidism (which in effect 

results in a dynamic phosphate homeostasis). This theory is 

supported by data which showed that calcium infusion resulted in 

decreased phosphaturia in normal individuals (Hiatt and Thompson, 

1957 b). This condition could be interpreted as one of hypercal

cemia, resulting in decreased secretion of parathyroid hormone. 

Injection of parathyroid hormone (Howard et al., 1953) abolished 

the effect of decreased phosphaturia. Infusion of sodium sulfate 

resulted in a liberation and corresponding reabsorption of endo

genous phosphate (Foulks, 1955). The author related these 

phenomena to a possible alteration in plasma concentrations of 

other ions. This ionic alteration may influence the relationship 

of parathyroid hormone to phosphate metabolism; on this basis he
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postulated a phosphate hcmeostasis.

Although phosphate homeostatic adjustments have been postu- 

lated and supported as shown above for* a single humoral agent, it 

does not seem inconceivable that another humoral agent could func

tion in maintenance of a phosphate homeostasis, by antagonism to 

parathyroid hormone. No evidence to this effect is recorded in the 

literature.

Steroid fractions have been shown by Hendrickson (1964) in 

chemical analysis of bovine parathyroid glands. Chromatographic 

analysis of one of these steroid fractions indicated the presence 

of androst-4-ene-3,17-dione and androst-5-ene-3B-ol-17-one or 

déhydroépiandrostérone (DHEA). Dehydroepiandrosterone has been 

shewn to be the most abundant of the 17-keto steroids recovered 

from human urine (occurring in concentrations as high as 15 to 

20 mg/ 24 hour collection period), (Williams, 1962).

Investigation by in vivo studies (Wolf, 1963) related that 

injection of DHEA produces hyperphosphatemia and calcuria. These 

observations on mouse, rat and dog have shown an opposite effect 

(in terms of urinary and plasma levels of phosphate and calcium) 

to that seen with parathyroid hormone injection. Wolf (1963) has 

postulated a phosphate homeostasis as a result of antagonism 

between the steroid DHEA and parathyroid hormone. He further 

postulates that this antagonism is carried out by direct renal 

effects of both hormones.
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It is conceivable that the effect of DHEA may be a result of 

two different actions. First of all, it is possible that blood 

levels of the steroid exert an "on-off" response to secretion of 

the parathyroids. It could also be postulated that the steroid 

exerts its influence at a cellular site(s) in a given "target 

organ".

It has been suggested (Willmer, 1961) that the very different 

actions of steroids when administered by diverse routes could 

indicate that they are metabolized very widely by tissues other 

than the supposed "target organ". "Metabolism" in this case refer

ring to conjugation or degradation of the reactive groups positioned 

on the ring nucleus of the steroid molecule. Willmer concludes 

that as a result of such metabolism, conclusions concerning the 

intact animal may be misleading or erroneous when made at a cell

ular level.

Measurement of response to the steroid could be made at the 

cellular level by means of an in vitro examination. Such observa

tions would serve to satisfy preliminary questions as to whether 

the steroid acts at a cellular level. This in format ion would 

eliminate the possibility of scare other substance being liberated 

in the whole animal in response to the steroid and producing the 

response attributed to the steroid. A  review of the literature 

an the adrenocortical steroids has prompted Bush (1962) to conclude 

that such in vitro examinations are extremely rare in comparison 

to the "protean manifestations" observed in vivo.
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Although it is equally as dangerous to make conclusions 

toward the intact animal on the basis of in vitro studies, it is 

readily apparent that the data would satisfy the conclusion that 

at least part of the hormonal response is being carried out by the 

steroid at the cellular level.

Much of the work in the field of steroid physiology tends 

toward the interpretation of changes in permeability at the cellu

lar and intracellular membranes as well as of action upon specific 

enzyme reactions (Bush, 1962.). It is conceivable also to postu

late that both such phenomena could occur in response to steroid 

treatment.

E. Statement of Problem.

The following in vitro examination of mouse kidney tissue 

slices is intended to accomplish two primarv points:

1. To answer the question as to whether the steroid Dehydroepi- 

androstercne exerts any response at a cellular level, and speci

fically at renal sites.

2. By examination of the intracellular phosphate compartments 

determine whether the steroid affects an alteration in the permea

bility of membranes to radioactive phosphate.
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II. Methods And Materials

Ihe in vitro study was carried out using kidney slices ob

tained from adult female mice of the Webster Swiss strain.

?-lssue preparation. Tissues were prepared in the following way. 

Adult female mice were sacrificed by cervical dislocation and 

decapitation. The kidneys were removed and placed in Krebs-Ringer 

solution (pH 7.4) at room temperature. Each kidney was placed in 

a Stadie-Riggs microtome (Arthur H. Thcmas Co., Philadelphia, Pa.) 

and sliced at a uniform thickness of 0.5 nin. Tissue slices which 

showed (on gross examination) a large medullary area surrounded by 

a fringe of cortical tissue 0.5 to 1.0 ran in width were used for 

the study. The tissue slices were then placed in Warburg vessels. 

The Warburg apparatus was used for three reasons:

1. To provide a constant incubation temperature of 37.5° C.

2. To measure oxygen consumption.

3. To provide respiratory data which served as an indication of 

tissue viability.

Warburg  Analysis. The Warburg analysis was carried out in the 

following manner. Krebs-Ringer solutions (utilizing phosphate and 

carbonate buffer systems, both pH 7.4) were prepared according to 

the methods recomnended by Umbreit et al. (1957). Five milli

liters of 0.3 M  glucose was added to both the carbonate and 

phosphate buffered solutions. Thirteen Warburg vessels (calibrated 

by the Mercury method of Umbreit et al. (1957) were used in the
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study. Ten of the flasks were used as reactant vessels; three 

were used as thermal barometers. The thermal barometers were used 

to indicate changes in the barometric pressure in the surrounding 

environment. They were prepared by placing 2.0 ml H20 in the flasks 

(the flasks were then attached to manometers and placed in the water 

bath). Five control vessels were prepared by addition of 1.8 ml 

of the Krebs-Ringer solutions in the flask. The side arm of the 

flask contained 0.2 ml isotonic saline containing 1.0 u c  ^2p 

(Abbott Laboratories, Oak Ridge, Term.). In the center well of 

the vessel, two procedures were carried out (depending on the 

buffer system that was used).

1. In the case of the phosphate buffered system, 0.2 ml of 20%

NaOH or KOH was placed in the center well to absorb the C02 given 

off. A  3/4 inch square of filter paper was folded in "accordian- 

shape" and placed in the center well to afford mere surface area 

for the reaction between C02 and alkali to occur.

2. If the carbonate buffer system was used, 0.6 ml of a prepared 

TRIS buffer (according to the method of Pardee, 1957) was placed 

in the center well. Filter paper (prepared as described above) 

was placed in the center well.

One tissue slice was added to each vessel and the flasks were 

attached to manometers by rubber bands. The manometers and flasks 

were then attached to the shaker bath and incubated at 37.5° C.

After 15 minutes of thermal equilibration, the vessels were 

closed to the external environment, and the 32P dumped in from
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the side arm. Five experimental vessels were prepared in the same 

manner with the exception that 1.7 ml of media was placed in each 

flask. Ten micrograms of dehydroepiandrostenone sulfate in Q.l ml 

triple distilled water were added to the side-arm. The sane pro

cedure as outlined above was then followed.

Ihe experimental tissues were incubated in DHEA sulfate rather 

than in the unconjugated form of steroid. The sulfate conjugate 

was supplied by H. Hendrickson and G. Wolf of the University of 

Nebraska, Dept, of Physiology. This conjugate was used for the 

following reasons: The sulfate is much more water soluble than 

the alcohol or lipid soluble free hydroxl form, thus allowing for 

easier handling. The sulfate compound has been shown to produce 

the same responses as the unconjugated form of this steroid (Wolf, 

1963). However, it is unknown if the sulfate is as potent as the 

unconjugated form in producing these effects. The sulfate has 

been shown (Bush, 1962) to be the predominant if not the exclusive 

urinary product of this steroid. Sulfate conjugates are demon

strated to have low renal clearance values, therefore contributing 

to a fairly high plasma level of the steroid sulfate. Wallace and 

Lieberman (1963) have demonstrated biosynthesis of DHEA sulfate in 

human adrenocortical tissue. They postulate that a sulfate con- 

Î ugate synthesized by the adrenal cortex may have more physiologi

cal significance than being solely a urinary excrétant. It has 

been further postulated (WilLner, 1961) that on the basis of
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known permeability effects of steroids, the sulfate conjugates 

may serve as potent humoral agents. He states that permeability 

may be affected by orientation of the steroid molecule in the 

polar and lipid phases of the membrane, and a highly polar group 

such as sulfate would enhance such orientation.

Radioactivity analysis. The analysis of radioactive phosphate 

uptake was carried out by the following methods. A  control and 

an experimental vessel were taken off the water bath at 15 minute 

intervals and the tissue samples were separately homogenized to 

even consistency. The homogenate was drawn into a pipette and 1/2 

the content was delivered into a preweighed stainless steel plan- 

chet. The homogenate was dried on the planchet by infra-red heat. 

By weighing the planchet after the material was dried, a dry 

weight for the tissue slice could be calculated. The other half 

of the homogenate was extracted by intermittent shaking of the 

sample with 4.0 ml of 5% trichloroacetic acid for 15 minutes.

The suspension was centrifuged for 15 minutes; the supernatant was 

poured off, and saved; the precipitate was then resuspended in 

1.0 ml of the trichloroacetic acid and the procedure repeated.

The precipitate was then suspended in 50-50% ether alcohol solu

tion for 15 minutes. This mixture was then centrifuged; the 

supernatant was poured off and saved; the resulting precipitate 

was also saved.

Each of the three fractions was dried on separate steel
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planchets under infra-red heat. A  few drops of absolute ethyl 

alcohol were necessary to break surface tension in the trichloro

acetic acid solution as it was drying cn the planchets.

The same procedure was carried out on an experimental and 

control tissue sample at fifteen minute intervals throughout the 

reaction time (one hour). All of the planchets were then counted 

in a windcw-less, gas flew Geiger Meuller tube sytem (Nuclear 

Chicago: Scaler Model 192 A. Gas flow Model D-47).

Total phosphorus analysis. Following radio assay, the material 

was then analyzed for total phosphorus, using the method of Fiske 

and Subbarow (1925). Alterations in sample preparation were 

carried out as detailed below.

1. Each planchet was placed cn the bottom of a 250 ml beaker.

One milliliter of 15% MgNC>3 was added to dissolve the material 

in the planchet. The planchets may be scraped with a spatula in 

order to assist in dissolving the material. Five drops of con

centrated HC1 were added to complete the solution. The planchets 

were rinsed with distilled water and removed from the beakers.

The solution in the beakers was then evaporated to dryness by 

placing the beakers on a hot plate. The resulting white residue 

was dissolved in 1.0 ml <f 25% HC1 and diluted to a final voluma 

of 50 ml with i^O. Five milliliters of this solution were placed 

in a test tube; 1.0 ml of ammonium molybdate solution was added 

(2.5% in 10 N H^SO^); 0.5 ml of the color reagent p-aminonapthol-
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sulfonic acid was then added. After mixing, the solution was 

allowed to stand 15 minutes to develop the blue color. Colori

metric analysis was carried out on the Hitachi-Perkin-Elmer 

spectrophotometer (Model 139). The instrument was set at 100% 

transmission at 660 mu with the blank; the samples were examined 

for percentage transmittance, and the values obtained were com

pared to those of a standard curve. The Beer-Lambert Law held 

at concentrations of phosphate ranging between 0.001 ng P to 

0.0002 mg P/ml.

Data analysis. The resultant data for oxygen consumption was 

plotted as QC>2 (*il C^/mg dry weight tissue/hour). The data re

sultant from the analysis of levels of radioactive and total phos

phate are plotted as Specific Activity, or Counts per minute 

(CPM)/ .001 mg total P/ mg dry weight tissue/hour. The data was 

subjected to the following statistical procedures.

1« Calculation of the Mean of each group of points.

2. The determination of Standard Error of the Mean.

3. Analysis of the slopes of the Specific Activity curves by 

the Least Squares method.

4. Calculation of the Fisher Student t value and use of the 

appropriate degrees of freedom for small sample numbers. The 

level of confidence was set at P = .01.
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III. Results

Warburg data. Warburg results should be placed into three cate

gories. In the first case (Appendix fig. 1A), the phosphate buf

fer system, oxygen consumption (expressed as p i  02 consumed/mg dry 

weight/hour or Q02) shows no significant difference between control 

and steroid treated tissue respiration. Secondly, the oxygen con

sumption in the carbonate buffer system (Appendix fig. IB) shows 

no significant difference between control and steroid treated 

tissues.

The mean QC>2 of the two different systems are seen not to be 

significantly different (Appendix Tables 4 and 5).

The two steroid systems as explained above (see Methods and 

Materials) were incubated for 15 minutes during which time the 

experimental tissue was exposed to steroid treatment. After this 

thermal equilibration, the 32P was administered from the side a m .  

A  third experimental series was carried out on the kidney tissue.

In this case, after the 15 minute equilibration period, the 

steroid and 32P were allowed to simultaneously enter the system 

from the side arm. As is indicated (Appendix Table 5) there again 

was no significant difference in oxygen consumption between con

trol and steroid treated tissue slices. These values also agree 

with the values expressed in the other two conditions.

Ether-Alcohol soluble substances. In the ether-alcohol soluble

substances (Appendix fig. 2A), the rate of uptake of 32P shows no



significant difference between the control and steroid treated 

slices (P = < .50).

Precipitate of ether-alcohol. The incorporation of 32P into the 

precipitate of ether-alcohol (Appendix fig. 2B) likewise is not 

significantly different in levels observed in the control and 

steroid treated tissues (P = (  .3).

Trichloroacetic acid soluble substances. These data should proper

ly be placed into three catagori.es. In the first case, the incor- 

32
poration of P into this fraction (Text fig. 1A) in the phosphate 

buffer system demonstrates a significant difference (P = < .01) 

between the control and steroid treated tissues at 1/2 hour. The 

same slope analysis demonstrates no significance in the difference 

between the curves comprising the second 1/2 hour (P = > .60). The 

second series of experiments utilized a carbonate buffer system; 

the carbonate system was used to determine whether the levels of 

intracellular phosphate were altered in any way by use of the 

phosphate buffer. A  further purpose of these experiments was to 

determine whether the higher standard deviations observed in the 

second 1/2 hour were due to loss in viability.

Table I relates the mean concentrations of phosphate in the 

acid soluble pool treated with 10 jug of steroid under the condi

tions of both buffer systems.

21
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Figure 1

(A). Phosphate buffer specific activity data series (n=7), 
indicating the mean specific activity curves and slope analysis 
of the uptake of 32P into the acid soluble phosphate pool.
Slope analysis relates that slope As is significantly ( P = < .01) 
lower than slope Ac. In the second 1/2 hour the slope Bs is 
not significantly different than that observed for Bs.

(B). Phosphate buffer Mean 32P incorporation levels expressed 
as CPM/mg dry weight, shewing relatively the same levels of 
incorporation of the isotope into both experimental and control 
acid soluble phosphate pools. The concentrations of total 
phosphate found in each respective acid soluble pool are expressed 
to the right. Control phosphate levels remain constant, whereas 
in experimental conditions the total phosphate is markedly in
creased during the first 1/2 hour. At 60 minutes the concentra
tion of total acid soluble phosphate in both systems is equal.
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Table I

Statistical evaluations of the Mean concentrations of phosphate 
in the acid soluble pool. Phosphate buffer system in comparison 
to the carbonate buffer system. Expressed as 0.001 mg P/mg dry 
weight.

Tima Phosphate
buffer

SE-X Carbonate
buffer

SE-X Diff. P

0 0.78 .012 0.86 .03 .08 > .20
15 0.74 .012 1.17 .05 .43 > .05
30 0.74 .014 0.89 .05 .15 > .50
45 0.72 .015 1.23 .06 .51 > .05
60 0.72 .040 1.21 .025 .39 > .10

As may be seen, at each time interval the Mean phosphate concentra

tions are not significantly different in levels of acid soluble 

phosphate. The phosphate buffer levels are, however, somewhat 

more stable than those observed in the carbonate buffer system. 

These data relate that no buffer artifact is resultant and altera

tion in Specific Activity levels between control and steroid 

treated tissues is independent of the buffer system.

Slope analysis in the second series (Text fig. 2A) again 

shews the Specific Activity to be significantly lower (P = <.01) 

in the steroid treated tissue in comparison to the control tissue. 

No significant difference is seen in the second 1/2 hour. The 

third series differs from the other two in that as explained, the 

steroid was allowed to enter simultaneously with the 32P. Thus, 

separate slope analysis was carried out. Specific Activity was



Figure 2

(A). Carbonate buffer specific activity data series (n=7), indi
cating the Mean specific activity curves and slope analysis of 
the uptake of 32P into the acid soluble pool. Slope analysis 
indicates slope As is significantly lower (P = <.01) than line 
Ac. Slope Bs in comparison to Be again indicates no significant 
difference.

(B). Carbonate buffer Mean 32P incorporation levels expressed 
as CPM/mg dry weight, indicating relatively the same levels of 
incorporation of the isotope into the acid soluble phosphate 
pool. The concentration of total phosphate in the respective 
control and experimental acid soluble pools is expressed at 
the right. Again phosphate values in the control remain con
stant. The concentration levels in the experimental condition 
at 0 time to 30 minutes show marked differences to the control. 
At 60 minutes the levels are equal in both conditions.
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again shown to be significantly depressed (Text fig. 3A) during 

the first 1/2 hour of steroid treatment in comparison to control 

(P = < .01). The second 1/2 hour of exposure to steroid relates 

no significant difference in the Specific Activity.

Radioactivity assay. Relatively similar levels of 32P incorpora

tion into the acid soluble pool (Text fig. IB) measured by gas-flow 

counting techniques were seen to occur. These data are expressed 

as CPM/mg dry weight. On the same graph, the levels of concentra

tion of tissue acid soluble phosphate are presented. The acid 

soluble pool in the steroid treated tissue at 0 time shows twice 

the concentration as measured in the control. At 60 minutes, the

levels are nearly equal. The second experimental series (Text

32
fig. 2B) again indicates the same relative levels of P incor

poration into the acid soluble pool in experimental and control 

tissue slices maintained in a carbonate buffer. Considerably 

higher levels of total phosphate concentration are shown in the 

steroid treated tissue in comparison to the control tissue. As 

above, at 60 minutes, the concentration of total phosphate in 

control and experimental conditions is at the same level. Rela

tively equal levels of 32P incorporation into the acid soluble pool 

are again demonstrated (Text fig. 3B) in the third series. A  

substantial increase in total phosphate concentration in the acid 

soluble pool of the steroid treated tissue occurs again. At 60 

minutes, control and experimental acid soluble levels show no 

difference.
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Figure 3

(A). Carbonate buffer specific activity da t a . I n t h i s serxes 
(n-7) the tissue was brought to thermal equilibration at the 
e S  o f i ^ i n S e s ;  at 0 t i £ ,  the steroid and isotope w«re «■ £ -  
taneously allowed to enter the system from the side ana. Slope 
analysis shows that slope As is significantly l o w e r < P  - <^01) 
than slope Ac. The slope of Bs is not significantly different 

(P = >  .90) than slope Be.

(B) Mean 32P incorporation levels into the acid soluble pools 
of the respective control and steroid treated slices. Levels of

to be similar. Total phosphate ooncentr^ 

-cions are at the right. 0 time shows the highest level of total
£  S î  S e r o i d  treated acid solubie pool. At 60 mrnutes

the levels are equal.
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IV. Discussion

The data presented will be discussed in the order of perti

nence to the observed steroid effect. Each of the extracted 

fractions will be considered first. The data will then be con

sidered in the light of a postulated mechanism for the observed 

reaction, which will relate the Warburg respiratory data.

The acid soluble fraction. The data of Specific Activity accumu

lated from all three experimental circumstances relate a signifi

cant difference in incorporation rates of 32P into the trichloro

acetic acid soluble substances^ of mouse kidney tissue. A  lower 

rate of incorporation into the steroid treated acid soluble phos

phate pool is indicative of a dilution of the tracer. Such dilu

tion produces lower incorporation rates of the isotope and demon

strates an alteration of the intracellular acid soluble phosphate 

pool. Such a statement can be made in that the level of total 

phosphate assayed in this fraction is in all cases consistently 

greater in the steroid treated tissue than in control tissue 

during the first 1/2 hour. Since the data (Text fig. 1,2,3,B)

1 Propanediol phosphate, inorganic phosphate, acid stable and 
acid labile adenosine triphosphate (ATP) adenosine diphosphate 
and monophosphate, glycerophosphoric acid, phosphoglyceric acid, 
glucose phosphates, fructose phosphates and a "co-enzyme frac
tion", have been reported as contents of the acid soluble pool 
(De Verdier, 1963), (Egawa, 1964).
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for total 32P incorporation levels show no alteration in total 

levels of radioactivity in the acid soluble substances, the in

crease in total phosphate cannot be accounted for solely on the 

basis of incorporation of phosphate from extracellular sources.

If this occurred, the amount of toted radioactivity in the steroid 

treated tissues would be expected to be much higher than control. 

Therefore, an alteration in the intracellular pool has occurred. 

Nucleic acid fraction. No significant difference is indicated in 

the incorporation rate of P into the nucleic acid and nucleo- 

protein fractions (ether-alcohol precipitate, appendix fig. 2B). 

Further there is no difference in the total phosphate levels.

On this basis, the alteration in the acid soluble pool cannot be 

accounted for as being derived from this pool.

Phospholipid fraction. No significance is found in the differ

ence in slopes of the ether-alcohol soluble control and steroid 

treated tissues (Appendix fig. 2B). However, as will be dis

cussed later, there may be an alteration in the amount of total 

phosphate in the steroid treated phospholipids.

Although interpretation of in vitro data in terns of the in

tact animal is difficult, a relationship to phosphate maintenance 

ought to be mentioned. Increased incorporation of inorganic phos

phate into the acid soluble pool in intact kidney cells is known 

to produce phosphaturia (De Verdier, 1963; Egawa, 1964). This is 

considered to be an essential step in the well known phosphaturic
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effect of parathyroid hormone (De Verdier, 1963). In view of the 

above considerations, the in vitro data supports the hypothesis 

that the steroid influenced increase in phosphate concentration 

is not accountable as inorganic phosphate. If so, phosphaturia 

would be expected to occur in animals treated with the steroid.

It may be concluded therefore, that the increase is involved in an 

aberration of organic phosphate.

Rate of reaction. The incorporation rates of P introduced simul

taneously with the steroid (Fig. 3A) relates the following: As 

may be seen, the decrease in specific activity (and therefore in

crease in total acid soluble phosphate concentration) occurs very 

rapidly. It is not unreasonable to postulate that the effect takes 

place primarily at membrane sites. It is possible to further postu

late the effect as a release of an organic phosphate compound iron 

the membrane; the compound being soluble in trichloroacetic acid. 

This effected release could occur in compounds such as the phospho

lipids. As an example, a compound such as lecithin may be consid

ered. The activation of the enzyme lecithinase D would permit the 

release of phosphocholine from the glyceride; phosphocholine is 

soluble in the acid. Should similar mechanisms be acting in the 

steroid treated tissue, the concentration of total phosphate in the 

acid soluble pool would be expected to increase.

Evidence regarding the activation of enzymes by steroids is 

ample enough to support such statements (Bush, 1964; Willmer, 1964).
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It is not inconceivable to further relate the known membrane ef

fects of the steroids to activation of enzyme systems.

The possible antagonism between DHEA and parathyroid hormone 

may then be considered in the light of the following postulated 

mechanism (Text fig. 4A and B). The steroid could conceivably 

activate an enzyme system, allowing release of an organically 

bound phosphate compound. For example, following contact with 

membrane sites, the steroid may effect an activation of lipases 

such as described. The phosphate compound is then released to the 

acid soluble pool. Since tubule cells are polar, a change in mem

brane gradients could readily occur, particularly if the organo- 

phosphate compound was charged. The released organo-phosphate 

could traverse to the "blood side" of the tubule cell and diffuse 

into the blood assisted by the hemodynamic system which occurs in 

normal blood flow around the intact nephron.

IXiring the second 1/2 hour it is seen that the tissue appears 

to be recovering from the steroid effect in that the specific 

activity curves plateau and the total phosphate concentrations 

decrease to control levels. It is postulated that the recovery 

could be associated with a resynthesis of the effected phospho

lipid compound. Other ionic effects associated with gradient 

changes oould possibly effect a restoration of "pre-exposure" 

membrane gradients. This could be expected on depletion or 

deactivation of the steroid molecule. Under these circumstances,
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resynthesis of the phospholipid could possibly occur»

Warburg data. The above resynthesis would not be expected to be 

involved in oxidative phosphorylation as is indicated by the lack 

of significant difference in oxygen consumption levels between 

steroid treated and control tissues. This does not effect the 

postulated mechanism in that reduced Triphosphopyridine nucleotide 

(TPNH+H+) is involved in fat synthesis rather than Adenosine tri

phosphate (ATP), (White, 1963).

Pesynthesis in the in vitro system could be postulated on the 

basis of two reasons:

1. The lack of a hemodynamic system which would not allow the 

removal of the released product by the blood, resulting in a build

up of product and reversal of the reaction.

2 . Deactivation or depletion of the steroid.

These problems could be resolved by resorting to the intact 

animal or perfused tissue in the first case, and addition of a 

further dose of steroid at 30 minutes in the second.

Phosphate Homeostasis. Higher Specific Activity resultant from 

greater incorporation of 32P into the various fractions of kidney 

tissue in vivo with parathyroid hormone has been observed (Egawa, 

1964). This data was interpreted as a generalized incorporation 

of phosphate into all the phosphate pools in kidney cells. 

Chromatographic analysis shewed a high increase in the incorpora

tion of 32P into the lecithin fraction of phospholipid. This
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effect was observed to occur with considerable rapidity (greater 

than 7 minutes and less than 35 minutes). These data support the 

postulate of antagonism between parathyroid hormone and DHEA in the 

maintenance of a phosphate homeostasis.

Further investigation of the above postulated mechanism of the 

effect of the steroid on the phospholipids needs to be carried out 

to determine whether there is a reduction of phosphate concentra

tion in this pool. Preliminary investigations have shown a trend 

this regard ; however, the data are incomplete and are not pre

sented. Further, chromatographic analysis ought to be carried out 

on both the phospholipid and acid soluble pools in order to deter

mine which fractions are involved in the steroid effect.

Conclusions. The steroid Dehydroepiandrosterone is seen to direct

ly effect renal tissue. These effects are seen to occur particular

ly in the acid soluble phosphate pool.

No significant difference is seen to occur in oxygen consump

tion levels, indicating that the effect is not measurably involved 

in oxidative phosphorylation.

The effect of increased phosphate concentration occurs with 

such rapidity that membrane alteration may be considered. This 

alteration is postulated as being involved in the phospholipid 

fraction; however, further investigation of this fraction is 

required.

No effect is seen to occur in the incorporation of isotope



Figure U

(A). A  scheme for a postulated hemodynamic system assisting the 
removal of an organic phosphate compound. The release of this 
substance is effected at membrane sites by DHEA. In the schema, 
the hormone is depicted as effecting the membrane lipids, causing 
a release of an _ organo-phosphate compound which is soluble in tri
chloroacetic acid. Should the compound be charged, the membrane 
gradients which exist in the polar tubule cell would be altered.
A  diffusion on the "blood side" of the tubule cell of the conpound 
would be assisted by the hemodynamic system involved in normal 
blood flew around the intact nephron.

(B). A  scheme for a postulated resynthesis mechanism. Upon deple
tion or deactivation of the steroid, the "pre-exposure" membrane 
gradients could be restored by flux of other ions involved in main
tenance of membrane gradients. The buildup of the organo-phosphate 
conpound could reverse the reaction, thus reforming the lipid in the 
membrane.
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into the nucleic acids and nucleoproteins. It is concluded that 

for at least the first hour of steroid exposure, no measurable 

effect occurs in this fraction.

This investigation has shown a direct tissue response and 

particularly at renal sites to Dehydroepiandrosterone, and this 

response is postulated to be an alteration of membrane sites.
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V. Summary^

Analysis of the incorporation rate of radio phosphate into 

the phosphate compartments of kidney tissue was carried out. 

Comparison of this rate was made to the rate of incorporation of 

radio phosphate into tissue slices treated with 10 micrograms of 

the steroid, dehydroepiandrosterone. Reactions were carried out 

in the Warburg apparatus utilizing both phosphate and carbonate 

buffer systems. Warburg data demonstrated no significant differ

ence in oxygen consumption levels between the experimental and 

control tissue slices. No significant difference in incorpora

tion rate of radio phosphate was shewn to occur in the ether- 

alcohol soluble substances and the ether-alcohol residue. A  

highly significant decrease in rate of incorporation of radio- 

phosphate into the trichloroacetic acid soluble phosphate pool was 

effected during the first one half hour of exposure. These data 

are interpreted as evidence for a direct tissue response to déhy

droépiandrostérone .

-’■Presented at the Spring meeting of the Nebraska Academy of 
Sciences, Lincoln, Nebraska, May 1 , 1965.
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Figure 1

(A). Oxygen consumption expressed as QO- or /il 0 /mg dry weight/ 
hr, utilizing the phosphate buffer system.

(B). Oxygen consumption data, utilizing the carbonate buffer 
system.
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Figure 2

(A). Incorporation of 32P into the ether-alcohol soluble sub
stances. Slope analysis shews no significant difference in
specific activity of the isotope.

(B). Incorporation of 32P into the precipitate of ether alcohol. 
Slope analysis relates no significant difference in the specific 
activity of the isotope in this fraction.
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Table 1

Cumulative Mean Specific Activity and radiation levels in the
incorporation of into the acid soluble phosphate pool of in
vitro kidney slices of mouse tissue.

(A). Under the influence of 10 jig CHEA and phosphate buffer.

(B). Control, with phosphate buffer.

32
All samples exposed to 2 pc/ ml of P (Abbott laboratories, 

Oak Ridge, Tenn.). Weight is expressed as mg dry weight.

Specific Activity = CPM/ .001 mg total P/ mg dry wt.
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Table 1 

(A)

Time
(Minutes)

CFM/mg Total P
(jjg/mg)

Specific
Activity

Sample
Size

SE-
(+&pm)

0 827 2.10 2510 7 + 88

15 5018 1.26 22431 7 + 1748

30 6096 1.28 31002 7 + 3148

45 6457 .88 44740 7 + 5336

60 7383 .74 61068 7 1  7303

(B)

0 1009 .78 8055 7 + 281

15 4181 .74 34518 7 + 1869

30 6394 .74 52662 7 + 3387

45 6633 .72 57328 7 + 8643

60 8188 .72 68876 7 + 7468



Table 2

Cumulative Mean Specific Activity and radiation levels in
the incorporation of 32P into the acid soluble phosphate pool
of in vitro kidney slices of mouse tissue.

(A). Under the influence of 10 pg DHEA and carbonate buffer.

(B). Control, with carbonate buffer.

All samples exposed to 1 pc/ ml of 32P (Abbott Laboratories, 
Oak Ridge, Tenn.). Weight is expressed as mg dry weight.

Specific Activity = CPM/.001 mg total P/mg dry wt.
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Table 2 

(A)

Time
(Minutes)

CPM/mg Total P

- t e / m g )

Specific
Activity

Sample
Size

SE-
(+cpm)

0 501 1.30 1987 7 + 262

15 3402 2.26 8806 7 + 196

30 4073 1.29 19511 7 + 535

45 5124 1.36 23611 7 + 942

60 5493 1.23 26995 7 + 1376

(B)

0 473 • 00 cn 3299 7 + 341

15 4366 1.17 22778 7 + 328

30 3723 .89 24917 7 + 434

45 5025 1.23 25586 7 + 591

60 6529 1.21 32587 7 + 333



Table 3

Cumulative Mean Specific Activity and radiation levels
in the incorporation of 32P into the acid soluble phosphate
pool of in vitro kidney slices of mouse tissue.

(A). Under the influence of 10 p g DHEA and carbonate buffer.

(B). Control, with carbonate buffer.

32
All samples exposed to 1 )jc/ ml of P (Abbott Laboratories,

Oak Ridge, Term.). In the case of the experimental tissue, the iso
tope and steroid are introduced simultaneously. Weight is expressed 
as mg dry weight.

Specific Activity = CPM/.001 mg total P/mg dry wt.
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Time
(Minutes)

CPM/mg

Table 3 

(A)

Total P Specific
Activity

Sample
Size (+ cpm)

0 666 1.74 2383 7 + 391

15 5494 1.02 33239 7 + 821

30 5952 .81 46759 7 + 4914

45 7503 .79 56764 7 + 3299

60 8088 .79 58474 7 + 2545

(B)

0 703 .81 5995 7 + 415

15 5752 .83 42995 7 + 1672

30 7036 .90 46890 7 + 2564

45 7596 .89 53523 7 + 2758

60 7967 .75 64646 7 + 3067





32
Experimental and Control tabular data on the uptake of P into the
ether-aicohol soluble and ether-alcohol precipitated compounds of

kidney tissue

(A). Ether-alcohol soluble substances

(B). Ether-alcohol precipitate
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Experimental
(A)

Control

rime Specific
Activity

Sample
Size

““SET
X Specific

Activity
Sample
Size

"5ET“
X

0 14 7 i  4 33 7 + 10

15 141 7 + 45 270 7 + 25

30 257 7 + 37 335 7 + 48

45 398 7 + 39 480 7 + 58

60 543 7 + 51 745 7 + 85

(B)

0 65 7 + 10 68

15 105 7 + 21 199

30 342 7 1  56 269

45 465 7 + 34 436

60 517 7 + 93 541

7 + 14

7 + 32

7 + 43

7 + 81

7 + 94
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Table 4.

Cumulative CL consumption in Experimental (A) and Control (B)
Warburg analyses.

(A)

Time pi  02/mg Sample Size SE^ (pi 02 )

15 2.14 28 + .32

30 1.93 21 + .15

45 1.91 14 + .41

60 1.90 7 + .31

(B)

15 1.98 28 + .16

30 2.01 21 + .21

45 2.10 14 + .30

60 1.73 7 + .12

N.B. Krebs-Ringer Phosphate Buffer System



63

(A)

Time p i  0 2/mg Sample Size SE- (pi 02)

Table 5

Cumulative CL consumption in Experimental (A) and Control (B)
Warburg analyses.

15 1.71 28 + .51

30 2.13 21 + .32

45 1.90 14 + .16

60 1.90 7 i  *15

(B)

15 1.69 35 ± *3I+

30 2.21 28 + .15

45 1.75 21 + .21

60 2.01 14 + .21

N.B. Krebs-Ringer Carbonate employing Pardee Buffer System,
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(A)

Time pi 02/mg Sample Size

Table 6

Cumulative O2 consumption in Experimental (A)
Warburg analyses.

15 1.69 28

30 2.15 21

45 2.03 14

60 1.89 7

(B)

15 1.58 28

30 1.94 21

45 1.92 14

60 2.01 7

and Control (B) 

SE- gul o2)

+ .61 

+ .32 

+ .21 

+ .17

+  . 51+ 

+ .18 

+ .32 

+ .16

N.B Krebs-Ringer Carbonate employing Pardee Buffer System 
Simultaneous Steroid and ^2P Introduction.
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