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ABSTRACT
>

Two distinct water-consuming groups of rats have emerged from 

the colony maintained by the Department of Animal Science, The Univer

sity of Arizona, which originated by crossing nine laboratory strains0 

The colony was maintained at two environmental temperatures with con

stant humidityo Within the colony, two water-consuming.groups evolved 

through genetic selection carried through eleven generations0 The pur

pose of this study was to examine certain factors which may have influx 

enced. water consumption in this colony*

Initially a group of rats was sacrificed which represented all 

combinations of sex, environmental temperature, and water consumption* 

From this group, pituitaries, adrenals, and kidneys were excised and 

weighed * The endocrine glands were used for antidiuretic hormone and 

aldosterone assays* The kidneys were fixed and sectioned for histo

logical examination* The low water consumers had heavier glands and 

kidney weights* This group also had longer renal medullas* Hormone 

assays showed glandular contents to be greater in this group*

The above factors could have an effect on the daily water in-, 

gestion and in order to determine if consumption differences were a re

sult, or a cause, of these factors, a renal concentration test was 

done* The results proved both groups could concentrate urine maxi

mally for extended periods* This test showed that the observed differ

ences among the two groups probably.arose from the effects of increased 

water intake*.

- "  v i i  ■



INTRODUCTION

The most Important substance for life of all organisms is 

watero An explanation of the physiological and psychological make-up 

of an animal is intimately tied to the consumption and use of water0 

Water intake, which is considered part of the water economy of an 

organism, usually compensates for water deficit. Water deficit ac

tivates all processes and behavioral patterns concerned with water 

intake, thus constituting- a feedback to remove the stimulus. The 

relation of stimulus (deficit) to response (drinking) is thought to 

be quantitativeo

Abnormalities in water intake have been known since the time 

of Galen (180 A,D,) when diabetes insipidus was first described.

Later, through efforts of Claude Bernard and others, the role played 

by the stomach and digestive tract in reducing the thirst drive was 

recognized.

Presently, due to modern experimental techniques, the. study of

water metabolism can be subdivided into two general areas, anatomical

and physiochemicalo Although these areas are inseparable, they serve

as a means for.designing and conducting experiments in the various ' *
facets of water metabolism. The inseparability is clearly shown in 

the complete picture of bodily processes involved from subceliular to 

the level of the complete functioning organism. Water consumption is 

usually associated with need, and as a result daily intake is similar

• ' ■ 1 ■
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among like organisms under identical environmental states* .When the 

intake of certain individuals vastly differs from that of others in the 

group, certain underlying factors must be involved *

The purpose of this study was to examine a few of the physio

logical factors involved in the water intake differences observed in a 

colony of rats maintained by the Department of Animal Science, The 

University of Arizona* The experimental animals came from previous 

genetic selections within the colony* -



REVIEW OF LITERATURE

Water balance is the process which adjusts fluid intake and 

losses to individual requirements of an organism0 Water intake may be 

either in the form of fluids ingested or in foods* In most cases5

fluid intake is of greater importance than moisture content of food0

In one specific case, the kangaroo rat, food moisture plus metabolic 

water is the only dietary" source the animal normally utilizes* Except 

for such cases, metabolic water is not too important in daily water 

balance*

Many factors have been implicated in the variability.of water 

consumption* Some of these for a given species are. captivity, climate,

diet, stress, age, activity, and heredity* Drinking of fluids appears

to be metered by several systems that determine satiation* The first 

is physical contact with the oral-pharangeal mucosal linings * Another 

is the resulting gastric distention after a volume of water has been 

ingested* Salt content of water as well as the amount absorbed in the 

gastrointestinal tract is also important in determining satiation*

These metering systems are probably closely integrated with the hypo

thalamus and its homeostatic functions (1,2)*

Water losses occur through dermal, fecal, salivary, respira

tory, and urinary sources* Urinary loss accounts for the largest per

cent of the overall loss under ordinary conditions of temperature and

3



humidityo Obligatory urine loss is a function of water intake, meta

bolic end products that are to be excreted, and concentrating ability 

of the renal- tubules»

At present, there is no substantial evidence that water ab

sorption from the intestinal tract is ever a limiting factor in water 

balance* Antidiuretic hormone (ADH) and the mineral corticoids appear 

to play a role in water absorption, but their effects are not consid

ered to be of great physiological significance (3)0

In order for an animal to maintain homeostasis, there must be a 

continual monitoring of fluid intake and loss* Total body water can be 

essentially divided into extra- and intracellular water where shifts in 

ionic concentration between these two generalized compartments serve as 

a monitor for water homeostasis* This is effected by a neuroendocrine 

system dominated by the hypothalamus* Hypothalamic control is thought 

to he mediated by discrete thirst, feeding, temperature, and anti- 

diuretic centers, which exert their control by neural or hormonal sys

tems (2)0 These systems must; exert a fine control as small changes in 

the fluid environment can profoundly affect normal cell metabolism*

The internal environment is regulated primarily by two organs, the 

lungs which control oxygen and carbon dioxide tensions and the kidneys 

which maintain optimal composition of body fluids*

The kidney plays a prominent role in regulating urinary meta

bolic wastes as well as volume and ionic concentration of the internal 

environment* . The kidney consists of nephrons which have a closed end. 

lying in the renal cortex which is invaginated and expanded by a



cluster of capillaries forming the glomerulus« Leading from the glom

erulus, the proximal convoluted tubule coils into a compact massa The 

tubule then dips toward the hilus reaching into the medulla for vari

able distances before turning back on itself to form the loop of Henleb 

Leading from the ascending loop, the distal convoluted tubule is formed 

as a compact mass near the glomerulus0 The tubule leads from the dis

tal convolution and together with other tubules join to form the 

collecting ducts which empty into the papillary ducts0 Urine is then 

passed from papilla into the calyxces and ureter (3)o

Histology of the nephron is as,varied as are the functions along 

the tubuleo The proximal tubule is composed of irregular cuboidal cells 

with coarse granular cytoplasm and a villus border in the lumen» . Elec

tron microphotographs of the proximal tubule show a lumen surface cov

eted by microvilli with invaginations of the surface membrane penetrating 

deep into the cytoplasm® Cells of the thin limb of Henle are extremely 

thin and flat with few microvilli<> Electron microphotographs show few 

microvilli in the lumen of.the distal convolution, but the basal part 

of the cell is more compartmentalized and more deeply invaginated by 

the cell membrane (4,5)<>

The composition and volume of the extracellular fluid are pri

marily. controlled by glomerular filtration and selective reabsorption0 

Glomerular filtration rate is mainly determined by capillary blood 

pressure and opposing plasma.protein concentrationo About 180 liters 

of protein-free filtrate are formed per day in man which is largely re

absorbed in passage through the nephrons, the.remainder emerging at the
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distal end as urine (3) 0 The glomerular filtrate is reduced by 80% of 

its volume and 70% of its solutes while in the proximal tubule0 This 

is accomplished by an active reabsorption of sodium, potassium, amino 

acids, and glucose* Chloride and water: are thought to follow passively* 

The tubular fluid, passes through the loop of Henle and enters the dis

tal convolution at a flow not significantly different from that of the 

proximal tubule* There is a progressive increase in osmolarity in the 

descending limb and a decrease in osmolarity in the ascending limb 

without an alteration of volume* When the fluid enters the distal 

tubule, it is hypotonic to the circulating plasma (3)*

The hyperosmolarity attained in the loop of Henle is the basis 

for renal ability to form a concentrated urine* This is thought to be 

accomplished by two simultaneous processes: a countercurrent flow in

the loop of Henle and an active transport of sodium out of the lumen

into the interstitium along the ascending limb* This produces a mul

tiplication towards the tip of the loop, i0e0, isotonic urine at the 

juxtamedullary boundary to a maximum osmolarity at the papillary tips* 

This ionic .gradient is augmented by urea* The vasorector blood vessels 

within the medulla are also in the form of a loop and function pas

sively as a countercurrent exchange* The lumen walls of the ascending

limb.are impermeable to water, which also helps to establish a progres

sively higher concentration of sodium in the renal medulla as one ap

proaches the hi1ium (3)*

Fluid entering the distal tubule is hypotonic to the plasma due 

;to previous sodium removal in the loop of Henle without a change in
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volumeo In ADH absence, the distal tubule and collecting ducts have 

low water permeability and further distal reabsorption of sodium will 

dilute the lumen fluid more, resulting in a maximally dilute urine*

ADH specifically increases distal and collecting tubule permeability 

to water which passes out of the lumen due to the osmotic gradient 

created by the hypertonic interstitiuiru Final adjustment of ion con

centration and acidity occurs in the distal convolution* Sodium re- 

absorption, which is enhanced by aldosterone, is active in the distal 

tubules and linked with potassium and hydrogen exchange (3)0

Attempts have been made to relate anatomical structure and renal 

ability to produce concentrated urine0 A relation between concentrating 

ability and "relative medullary thickness" has been noted (6)0 In this 

study, greater medulla length was associated with better concentrating 

ability of the renal system* Studies on the relation between cellular 

morphology and activity of the renal tubules have shown a high.degree ■ 

of correlation* Proximal and;distal tubule cells have high metabolic 

rates with large numbers 6f mitochrondfla, cytoplasmic granules, and a. 

high degree" of membrane specializations such as invaginations and 

microvilli (4)* '

Various1 mechanisms, can produce polyuria in an animal0 Some of 

these are: a renal structure defect resulting from injury, or congeni

tal anomaly; hypothalamic or nephrogenic diabetes insipidus, or faulty 

mechanisms concerned with production of a hyperosmotic gradient in the 

medulla* It is often difficult to distinguish all abnormalities re

sponsible for polyuric conditions * The important point is that more

/
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than one causative factor may exist (7)„ Another condition producing 

polyuria is termed "compulsive water consumption" and is seen clini

cally with a long history of psychological disturbances. This condi

tion is easily detected by water deprivation, which results in urine 

concentration. In pathological cases, deprivation will not produce 

concentrated urine (7),

Other renal disturbances have been associated with various 

glandular malfunctions. The most prominent of.these is due to adrenal 

disorders. Primary aldosteronism causes a continuous leak of potassium 

into the urine arid an increasingly negative potassium, balance. The 

ability to concentrate urine is gradually diminished and larger quanti

ties of hypotonic urine are passed, Rare cases have, been noted where 

both thyroid and adrenal insufficiencies have caused a renal disturbance. 

This type of condition is often associated with failure of the anterior 

pituitary to supply various tropic hormones (7), Various hereditary 

renal disorders have been described in clinical medicine. These range 

from tubular dysfunctions to abnormal developmental processes. Re

cently a hereditary.renal disease was reported in a strain of rats. It 

was a congenital hydronephrosis with related cystic changes in the 

kidney (8),

The role of the posterior pituitary is of vast importance in 

controlling renal, urine formation. Without its hormone, ADH, terres

trial mammals would always be in negative water balance. This has been 

questioned in the case of ruminants, where antidiuretic effects .are seen 

only when the animal is in a state of diuresis. When not in diuresis,
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ADH acts to increase urine output (9) <, The presence of biologically 

active principles from the hypothalamic-neurohypophysial region were 

first noted more than fifty years ago by Oliver and Shafer (10)0 Chem

ical knowledge of these extracts has grown rapidly since 1957 when 

DuVigneaud and. his workers isolated and characterized ADH and oxytocin 

(11)o These octapeptides differ solely by two amino acids0 Two ADH 

molecules, differing by one amino acid, have been found in mammals0 

Lysine ADH is found in the suborder Suiformes, which includes the swine 

and hippopotamusp Arginine ADH.is found in all other classes0 An. ex

ception has recently been reported which showed a mixture of arginine 

• and lysine ADH in mice pituitaries of a certain laboratory strain (12)0 

Information about neural events intervening between stimuli and 

activation of the neurons of the hypothalamo^neurohypophysial complex 

with subsequent release of ADH is scanty6 It would appear from the 

variety of stimuli that both neural and humoral pathways to the hypo

thalamic region affect the postulated centers of coordinatione These 

centers would then affect the supraoptic nucleus and subsequent con

trol of ADH releaseo A secretory stimulus transmitted by afferent 

neural paths could directly affect the supraoptic nucleus which syn

thesizes and transports ADH along the nerve axon to its terminus in the 

neurohypophysis.'where ADH is stored until released0 Humoral stimuli 

(osmotic and volume changes) probably affect receptor sites near the 

supraoptic nucleus (13)0 The problem of release of ADH from the nerve 

terminus is unanswered. it is thought that stimuli affecting the 

•suproaoptic nucleus potentiate a membrane depolarization with
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subsequent release of ADH from the nerve terminus0 Another possible 

mechanism for release involves a postulated neurochemical mediator 

such as acetylcholine which aids in the terminal escape of ADH (13)0 

Investigation of neurohypophysial physiology has necessitated 

the use of biological assays for detection and quantification of the 

active peptides0 Various procedures have been developed to isolate 

these peptides in relatively pure forriio Circulating levels of hormones . 

are so small that usual methods of chemical determination are completely 

.inadequateo Bioassay is useful in determining low hormonal levels as 

it involves responses to physiological dosages0 Problems with bio- 

assay arise from purification procedures, types of standards used, 

'interfering substances, in preparations, specificity of tissues, and 

individual animal variation in response to the hormone (14,15,16)©

The bioassay design is based on a comparison of quantitative 

individual responses to a standard preparation and an unknown© A four- 

point pattern is often used with two doses being given from each prepa

ration© . Doses are given in random order with responses being treated 

as a least squares regression in an analysis of variance© Various 

specific assays have been developed for ADH depending on the physio

logical property which is to be measured (14,15,16)©

Bioassay results for ADH with the laboratory rat are of gen

eral interest as well as being of value in comparative studies© Re

ported values for the 180-250 gram laboratory rat are 0©55-l©12 IU 

(International Unit) per pituitary gland (17)© Other reported values 

are 0©5-0©6 IU per gland of the normal rat and zero units of activity



in rats with diabetes insipidus (18)* Circulating levels of ADH in the 

plasma of rats has been reported as less than 4 o0 microunits per milli

liter (19)o The accepted activity value for a milligram of pure argi

nine ADH is approximately 400 IU (20)®

Under normal environmental conditions, increased plasma ADH 

levels cause an increase in urine osmolarity and a decrease in volume, 

except in the case of ruminants® The reverse is true when plasma 

levels decrease® Effectiveness of ADH depends inversely on the exist

ing water load in all mammals except the ruminants (13)0 The action 

of ADH on the distal convolution and collecting ducts may.be similar 

to its action on amphibian skin and bladder tissues where it is thought 

that alterations in membrane, pore size allows passage of water® The 

mechanism of pore size alteration is unknown®

The work of Ginetzinsky (21), which has been questioned, showed 

a correlation between ADH activity and excretion of hyaluronidase® .

Lack of agreement on this work has been due to the fact that no corre

lation can be shown between urine flow and hy alur onid ase (22) ® There 

is also a lack of agreement in histological interpretations of areas 

that are supposed to show hyaluronidase activity in the renal medulla® 

Other proposals have been advanced concerning the mechanism of ADH 

action® One is that ADH affects carbonic anhydrase activity which may 

produce various membrane changes (22)®. Another proposal is that ADH 

binds by disulphide bonds to the cell membrane causing a disulfide- 

sulphydril exchange reaction: reorienting the membrane (23)® This has
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been discredited with examples of peptides that have antidiuretic ac

tivity without disulphide bonds (24)0

A plausible speculation has recently been advanced (24)0 ADH 

is thought to stimulate the production of adenosine 3* 5 ? phosphate 

(cyclic AMP) in one of two separate sites which may be in the basal 

membraneo One site is calcium sensitive and related to water movement 

while the other is calcium insensitive and related to sodium transporto 

Cyclic AMP enhances formation of a product(s) which would be, specific 

for each site® The product(s) would act on respective effectors in the 

apical membrane and induce alterations in waler or sodium permeability*

The microenvironment of the sites with respect to enzyme and substrate 

composition could account for the metabolic response to cyclic AMP*

The precise properties and reactions of the products formed are unknown* 

Another endocrine gland of importance; in water balance is the 

adrenal with its potent mineral corticoid, aldosterone* Aldosterone 

allows an. organism to be more independent of his environment by keeping 

the extracellular water volume close to optimal despite sodium intake 

variations* The necessity of the adrenal in homeostasis was recognized 

over a hundred years ago by Thomas Addison and Brown-Sequard (25)* It 

was noted that loss of adrenal function caused hemoconcentration and 

eventual kidney failure*

The various adrenal, steroids. were slowly isolated as procedures 

became available* In 1952, Simpson and Tait (26) identified aldosterone as 

a 21-carbon pregnane steroid whose carbonyl group exists in hemiacetal 

form* The biosynthetic pathway involves progesterone and
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deoxycorticosterone as intermediates» Site of synthesis is the outer

most cortical layer, the zona glomerulosa (25)*

Stimuli which alter aldosterone output are numerous and similar 

to those noted for ADH secretion, A system of receptors is integrated 

into some effector system which stimulates the zona glomerulosa in. re

sponse to changes in the internal environment. The complete effector

system is unknown. There is an increased output in response to ACTH,

but it is not this mechanism that is the physiological control since 

hypophosectomized animals can maintain salt balance (27), Many papers 

have been published since 1961 dealing with investigations on the 

renin-angiotensin system which appears responsible for aldosterone 

regulation (28,29), The proposed mechanism is: in a sodium depleted

animal or other eliciting condition, there is a change in vascular vol

ume or pressure which affects volume and baroreceptors in afferent 

arterioles and possibly the macula densa,. These receptors,stimulate 

by an unknown mechanism the juxtaglomerular cells to release renin, an 

enzyme catalyzing the reactions

angiotensinogen — angiotensin

Angiotensinogen, a decapeptide bound on the plasma alpha-2 globulin, is 

split to the octapeptide, angiotensin, which acts as the tropic hormone 

to alter adrenal aldosterone output by an unknown mechanism0

The target of aldosterone action is epithelial cells which have 

the capacity of allowing transce 1 lu 1 ar movement of salt and water<,

This includes the kidney tubules, dermal sweat glands, gut, and bladder
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(25)o The action of aldosterone is to increase active sodium uptake 

from tubular fluid in the ascending loop and distal convoluted tubule 

with simultaneous exchange of intracellular potassium and hydrogen,.

The amount of sodium controlled by aldosterone is approximately one 

percent of the total filtered at the glomerulus0 Aldosterone may also 

serve to transport sodium actively out of the tubule cell into the 

extracellular fluid without an exchange of cations0 : This is demon

strated by the significant differences between sodium retained and po

tassium or hydrogen ion excreted.(30)0 The bulk of filtered sodium is 

reabsorbed in the proximal tubule and appears to be under the control 

of a blood-borne factor which has been demonstrated in cross perfusion 

studies (31)o The site of release of this factor is unknown0 Various 

names have been given this substance which appears to be a peptide0 

* Third Factor"and "Natruretic Factor" are two of the common names used 

in the literature0

The action of aldosterone at the molecular level is not fully 

understoodo It has been suggested that aldosterone enhances DNA di

rected KNA synthesis giving rise to increased levels of enzymes in

volved in sodium transport (32933)0 It is evident that steroids can 

regulate enzyme synthesis in various tissues, but the relationship be

tween steroid induction and major physiological actions of steroids is 

still open to investigation (34)o Mineral corticpids do not act 

directly on the molecular machinery of the sodium transport system as 

seen by the 30-120 minute delay between administration of the steroid 

and its response in electrolyte secretion* Plasma half life studies



have shown that a maximal response is determined by the turnover rate 

of intermediates formed after aldosterone administration (34)0 Evi

dence that aldosterone acts through an induction of protein synthesis 

by a DNA directed pathway is .strong0 Actinomycin D and puromycin D 

inhibit aldosterone effects on the sodium transport system0 Other 

types of inhibitors, ioe0> eyelohexamide, 6-azouracil, and beta- 

thienylserine are also effective (34)0
3High resolution radioautographs of toad bladder show H -

aldosterone localized in the nuclear area of epithelial cells which

suggests that receptors are intranuclear and may be closely associated

with the chromosomes (34)o Studies on the site and nature of the ster
3

old receptors have yielded some information. Uptake of injected H 

aldosterone in tubular cells of rats was maximal after fifteen 

minutes in mitochrondrial and microsomal fractions. After thirty min

utes, maximal concentration was in the nuclear fraction. Nuclei pre-
3  ' ' . ■ .labeled with H -aldosterone were exposed to various hydrolytic enzymes

on the assumption that enzymatic ..cleavage of the receptors would re

lease the ligand. Proteolytic enzymes accelerated the release of 

H"^-aldosterone, while various nucleases, lipases, and neuraminidases 

had no effect. Differential studies using various proteolytic enzymes 

suggest that aldosterone receptors, are neither arginine- nor lysine- 

rich proteins (34),

From the foregoing, the following mechanisms are proposed. 

Aldosterone enters the target nuclei, affecting the rate of nucleic 

acid and' protein metabolism. The newly synthesized protein(s) may act
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as a sodium permease and affect permeability of the cellular membrane 

making sodium more available to the active pump. Another possibility 

is that the protein(s) may be involved in energy metabolism which would 

affect the active.transport system indirectly0 Based on experimental 

evidence, it is thought that the former proposal is correct (34)0

Concentrations of various lipid and steroid constituents in the 
I . ; ' . ' ' ' . :

adrenal gland of the laboratory rat have been reported„ Various com

ponents were isolated by thin layer chromatography (TLC) and evaluated 

by several methods. Reported values for aldosterone were in the range 

of 1,60-4,17 micrograms per 100 milligrams of adrenal tissue. Adrenal 

weights for the 200-gram adult rat varied between 50 and 80 milligrams 

(35),

Methods of extraction and assay of aldosterone are diverse and 

quite good, The best method of extraction is the chloroform-methanol 

procedure with subsequent isolation by chromatography. Column methods 

on Silica gel or TLC have been used often and use is dictated by 

amounts involved. The most sensitive assay method is the conversion of 

aldosterone to the trimethylsilyl ether derivative and running the sam

ple on gas-liquid chromatography (36), Various colorimetric methods / 

have been described (35,37,38), Aldosterone can also be determined by 

its characteristic ultraviolet absorption at 240 millimicrons.

The importance of the urinary constituents cannot be overlooked 

as an indicator of body function or dysfunction. Urinary constituents 

and amounts are a guide to the general metabolic state of an animal. 

Urinary electrolytes and total osmolarity are specific indicators of
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body fluid homeostasis0 Electrolyte changes resulting from endocrine 

function, dietary change, or other causes are directly shown in the 

urine outputs and its osmolarity (39)e In the laboratory rat, urine 

volumes have been reported ranging from 2o0-15o0 milliliters per 100. 

grams body weight per 24 hours (39)0 Diabetes insipidus rats have 

urine volumes of 50-90 milliliters per 100 grams body weight per 24 

hours (18)o One of the criteria for estimating the ability of an ani

mal to withstand changes in daily routine, such as water deprivation or 

increased salt load, is the total solutes present in the urine which is 

measured in terms of total osmolarity* This value is also a means: of 

estimating the functioning levels of the pituitary and adrenal glands0 

Urine osmolarities for normal rats have been given as 2100-2900 milli- 

osmolarityo Values for diabetes insipidus rats are in the range of 

100-150 milliosmolarityo Urinary electrolytes in the normal rat are 

approximately 760-milliequiyalents per. liter of urine (40,41,42,43)o 

Chloride, potassium, and sodium constitute the main contributing ions* 

Urea is the main nonelectrolyteo Relative proportions of the constitu

ents vary with diet, stress, and other physiological factors*



MATERIALS AND METHODS

Rats used in this study were obtained from a colony maintained 

by the Department of Animal Science, The University of Arizona.■ The 

colony originated by crossing nine strains of laboratory rats obtained 

from suppliers throughout the United States. The colony was housed in 

two environments, The control room was maintained at 22°C (72°F) with 

507. relative humidity. . The hotter room was maintained at 350C (95°F) 

with 357. relative humidity. Breeding was always conducted at the con

trol environmental temperature. Progeny after weaning (21 days) were 

divided between: the two environments equally with respect to litter and 

sex. Within.the colony, two distinct water-consuming groups evolved 

through genetic selection (carried through a total of 11 generations).

A rat was initially classed into a consuming group on the basis of a 

ten-week performance test which started after weaning. During the per

formance test weekly weights, feed, and water consumptions were re

corded. . The two water consumption groups differed by as much as ten 

times in their water intakes. Water consumption also differed between 

the two environmentally controlled rooms and is attributable to the 

large temperature difference.

Rats were chosen for the hormonal and histological study to in

clude all possible combinations of sex, temperature of environment, and 

water consumption. This comprised a 2X2X2 factorial arrangement with 

eight rats in each group or a total of 64 rats. The animals were
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between 18-21 weeks of age when sacrificed by ether inhalation, at 

which , time a live weight was taken0 The pituitary, adrenals, and kid

neys were excised, and weighed* The pituitary and adrenals were weighed 

to the nearest 0*01 milligram on a closed balance,, The kidneys were 

weighed to the nearest 0*01 gram* The glands were immediately frozen 

in liquid nitrogen and placed in a freezer for storage* The kidneys 

were cut longitudinally through the hilus and fixed in neutral forma

lin* Not more than five minutes elapsed from the time of sacrificing 

and to freezing of the tissues *

The bisected kidneys were imbedded in paraffin and sectioned 

longitudinally at 10 microns thickness * The first few sections showing 

complete cortical and medullary parts were placed on a slide and 

Stained with hematoxylin and eosin* A microscopic examination was made 

noting nephron morphology and number* The cortical and medullary 

thicknesses were also measured on each section by using an ocular 

micrometer on a binocular microscope at a magnification of 50Xo

The frozen pituitaries were used for a comparative study of 

ADH content* The method of assay was based on methods previously pub

lished (44,45)* Whole pituitaries were individually placed in 15 

milliliters of 0*25% acetic acid (HAc) in 50% ethanol* Conical centri

fuge tubes of 12-milliliter capacity were used in homogenization pro

cedures* The tubes were placed in a water bath at 80 C for three minutes 

and then centrifuged at 1000 x g for 10 minutes* The supernatant was 

decanted arid the sediment resuspended * The above homogenization pro

cedure was repeated and the two supernatants combined and evaporated in



vacuo at 4 0 ° C o The dried sample was taken up in a few drops of aqueous 

Oo25 7 o HAc and spotted on TLC plates of Cellulose MN 3 0 0  (Brinkman9 

Inco)o The plates were run ascendingly in a n-butanol, HAc, water 

(6:2:2 v/v) solvent system until the solvent front was 10 centimeters 

from the origino ADH was found at an Rf of 0 o 3 - 0 o 4 o  This was shown 

by an examination of a standard under ultraviolet light and agreed with 

previously reported valuesQ This area was eluted into a glass- 

stoppered centrifuge tube with 1 0  milliliters of 0 * 2 5 %  HAc in 5 0 %  

ethanolo The tube was allowed to stand two hours and then was centri

fuged at 3 0 0 0  x g for 1 0  minutes 0 The supernatant was removed and the 

sediment re-extracted with solvent and centrifuged0 The combined 

supernatants were dried in vacuo at 5 0 o C o The sample was then taken 

up in one milliliter of Q o 1 0 %  HAc in 2 5 %  ethanol0 This was then di

vided into duplicate samples for each pituitary0

A powdered pituitary standard was obtained from Mann Chemical 

Company and had a potency of 4 5  IU per milligramo Standards were pre- 

. pared ranging from 0 o 2 - l o 4  IU per milliliter solvent* The solvent was 

. 0 * 1 0 %  HAc in 2 5 %  ethanol* All standards were carried through the puri

fication steps with the samples<> Blanks were also carried through the 

procedure*

The determination of pituitary ADH employed a photometric assay 

which involves a complex formation between the guanidine :group of argi

nine and 8-hydroxyquincline in the presence of alkaline NaOBr (sodium 

hypobromite) (46)o The complex, whose structure is unknown, absorbs 

strongly at 507 millimicrons (Figure 1)0
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Figure 1. Absorption spectra of the products formed in the reaction 
8-hydroxyqu incline + arg-ADH — complex.
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The following stock solutions were made for the arginine assays 

0*40% 8~hydroxyquino1ine solution in 95% ethanol and 0*15% NaOBr* At 

the time of assay, 5 milliliters of the stock.8-hydroxyquinoline solu

tion were diluted with 60 milliliters of IN NaOH* With mixing, 0 ol ' 

milliliter of the alkaline 8-hydroxyquinoline solution was added to 0*5 

milliliter purified sample, standards, and blanks* Small 2-milliliter 

conical centrifuge tubes were found useful as reaction vessels* Due to 

rapid decolorization of the complex after the addition of the NaOBr, 

only one sample could be assayed at a time* To reduce the time between 

the addition of NaOBr and when:the sample was read on the spectro

photometer, the following procedure was followed * Two cuvettes were 

employed on a Zeiss PMQ Spectrophotometer which was equipped with a 

magnetic cell positioner* The cuvettes had a two-centimeter light path 

length with a total capacity of 2 milliliters* The cuvettes were left 

in the instrument and were cleaned, by aspiration* One cell was f illed 

with water while the other served for samples, standards, arid blanks* 

The blanks were used to set the instrument and a corresponding reading 

was taken on the water cell which was then used as a reference in the 

assay* When a sample (with the alkaline hydroxyquinoline previously 

added) was to be assayed, 0*10 milliliter of the stock NaOBR solution 

was added with rapid mixing by a vortex mixer* The sample was placed 

in the cuvette and the reading recorded * Standard curves were prepared 

which allowed quantification of test samples (Figure 2)0

Determination of aldosterone content in the adrenals was based 

v on previous work (35)* The adrenals of each animal were macerated in
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2:1 chloroform~methanol solution at a ratio of 15 milliliters per 100 

milligrams of tissue. The homogenate was allowed to stand two hours 

and then centrifuged at 1000 x g for 10 m i n u t e s T h e  supernatant 

was removed and the sediment, re-extracted as described above® The 

combined supernatants were dried under a stream of nitrogen gas® Each 

sample was taken up in a few drops of chloroform and spotted on Silica 

Gel G TLC plates (Brinkman? Inc,)® The plates were developed ascend™ 

ingly in benzene-ether-water (70:30:1 v/v)a The steroid fraction re

mained near the origin (shown by examination under ultraviolet light) 

and was removed by elution with 10 milliliters of 1:1 chloroform- 

methanol into a glass-stoppered centrifuge tube®

After two hours? the tube was centrifuged at 3000 x g for 10 

minutes® : The supernatant was removed and the sediment re-extracted as 

above® The combined supernatants were taken to dryness with a stream 

of nitrogen gas® The dried sample was taken up in a few drops of 

chloroform and spotted on Silica Gel G TLC plates which were run as

cend ingly using a chloroform-methano1-water (90s 10:0® 25 v/v) solvent 

system®. Inspection of the plates under ultraviolet light identified 

the various steroids when compared to known standards® Aldosterone 

had an Rf value of 2®0-2®5® The aldosterone standard was obtained from 

Mann Chemical Company® -

The appropriate spots were eluted with 10 milliliters of Is 1 

chloroform-methanol into glass-stoppered centrifuge tubes and centri

fuged after two hours at 3000 x g® The supernatant was decanted and 

the sediment washed in the above manner® The combined supernatants were



25

taken to dryness by a stream of nitrogen gas* The dried sample was 

taken up in 3 milliliters of ethanol6 Standards were prepared which 

ranged from 061 to 0,6 micrograms of aldosterone per milliliter of 

ethanol (95% ethanol was used in all samples)0 The absorption of aldo

sterone at 240 millimicrons was used to quantitate the adrenal content 

by means of a prepared standard curve (Figure 3)0

Before applying statistical analyses to the data,■all gland 

and organ weights were adjusted for body weight by dividing tissue 

weight by body weight* Aldosterone and ADH were adjusted.for body 

weight and gland weight in two separate analyses* Medulla lengths were 

adjusted for body weight as well as kidney weight* The statistical 

model employed in all cases was:

Yijki - u + w i +sj +Tk +(ws>ij+<wr)ik+(sT>jk+ + e ijki 

where

Y = dependent variable 

u = population mean

W. = effect of the i6h water consumption group 
1 ■

S. = effect of the jth sex J.
= effect of the kth environmental temperature 

(WS), (WT), (ST), (WST) = interaction terms 

e = experimental error NID (0,6^)

Data were evaluated by analysis of variance techniques (47)0
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Figure 3. Standard curve for aldosterone.
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Renal concentrating ability was examined by the following ex

perimental plan. Eight adult male rats of 350-450 grams body weight 

were chosen from the control environmental temperature. Four rats 

were high water consumers and four others were low drinkers. A group 

of four rats, two high and two low consumers, were placed in metabolism 

cages. Daily weights, urine volumes, and ad libitum consumption of 

feed and water were recorded. At the end of the fourth day, the abso

lute value of the feed consumed (Purina Rat Chow) in grams was the 

amount of water in milliliters given on the fifth day. In the same 

manner, the feed eaten on the fifth day determined the amount of water 

given on the sixth day. This was repeated for each animal up to a 

period of fifteen days. Using the numerical value of the feed consumed 

as the determinant for water allowance as a means of placing an animal 

in negative water balance was justified by the following. Based on 

feed composition and moisture to allow digestion and metabolism of the 

feed, it was determined that two milliliters of water were required by 

the rat to digest and metabolize one gram of rat chow.

Total solutes were determined as osmolarity of the urine col

lected from each rat daily. This was done on a Eiske Osmometer, Model 

G-62 (Fiske, Inc., Mass.), utilizing freezing point depression. Re

gression coefficients and intercepts were computed (47). Urine osmo

larity values were plotted against urine volume.



RESULTS AND DISCUSSION

Average Water Intake 

Table 1 gives mean weekly water intakes and body weights for 

the eight groups of rats used in the initial part of this study0 A 

summary of reported values for normal and diabetes insipidus rats is

given in Table 2 (18) „

Table 1. Mean Body Weights•and Water Intakes of Rats in This Study,

Water
Intake
Group

22°C Temperature 35 °C

Male Female • Male Female

High 150a 345b 
(9,1)° (20,0)

232 
' (12,1)

215 256 338 
(10.1) (13.3) (12,6)

396
(20.1)

222
(14.1)

Low 75 280 
(4.4) (16.1)

96
(5.3)

198 109 274 
(8,3) (7.3) (10,6)

115
(5.3)

185
(6.8)

aQ Water intake milliliters/100 grams body weight/7 dayso 
b0 Body weight in grams0 
Co Standard error0

Table 2, Mean Body Weights and Water Intakes of Normal and Diabetes 
Insipidus Rats0

Sex Normal Rat Diabetes Insipidus Rat

Male

Female

42a (2.8)° 

64 (4.9)

507b

286

(17.0) 

( 6.0 )

486 '(44.8) 329 (12.0) 

621 (40.0) 236 (10.0)

a0 Water intake milliliters/100 grams body weight/7 dayso 
bo Body weight in gramso 
Co Standard error0



, ; . 29
The intake differences observed in Table 1 are smaller than 

those in Table 2e Individual values of diabetes insipidus rats dif

fered from normal ones by a factor of 8 to 10o Comparing the high and 

low water consumers in this study, differences of 2 to 5 times in their 

water intake are noted,.

Effects of Temperature, Sex, and Water Consumption 
on Pituitary, Adrenal, and Kidney Weights

Table 3 presents the means for adjusted pituitary weights. 

Examination of the table. shows pituitary weights were heavier in fe

males than in males and that, the lower water consumers had heavier 

pituitaries. Table 13 (see p. 46) shows the main effects, temperature 

and sex, ate significant at the 17. level while the main effect for 

water consumption is significant at the 57. level. The observed ef

fects of temperature and sex are in agreement with previously reported 

values from this colony (48).

Differences noted in pituitary weights between the two water con

suming groups may indicate the state of pituitary function. The lower

Table 3. Mean Values for Pituitary Weights3

Water T e m p e r a t u r e
Intake 22 °C 35°C
Group Male Female Male Female

High 29.88 ,(4.1&)b 44.50 (7.58) 21.00 (5.78) 42,00 (8.26)

Low 30.88 (3.71) 56,13 (8.49) 22.75 (5.42) 45,25 (5.57)

• 3a. Milligrams per gram body weight x 10 .

bo Standard deviation.



weight glands may be the least active in hormonal and other physiologi

cal roles which could be the result of genetically selecting for some 

limiting neural process(s) that would reduce glandular production of 

its neural productso Another possibility is that through genetic se

lection a factor(s) in"the hypothalamus having a role in thirst is 

affected resulting in polydipsia. The polydipsic animal would have 

lower outputs of ADH and other pituitary hormones, which may be re

flected by smaller gland size.

The significance of the sex effect may be a reflection in part 

of the greater adaptability of females to most stressful stimuli if 

gland weights can be taken as an indication of function or potential 

capabilities. The greater adaptability may have evolved due to the re

productive role and the need to be more resistant to environmental 

changes which would benefit a pregnant or lactating female when faced 

with reduced water intake or other stresses. The temperature effect 

probably arises from the thermal stress and its effect on body develop

ment. A sex by water interaction is shown in Table 13 (see p. 46). 

Selection for low water consumption resulted in a much larger increase 

in pituitary weights among females than among males.

The means for adjusted adrenal weights are presented in Table 

4. A pattern of values similar to Table.3 is seen. Female adrenal 

weights are greater than males and the low water, drinkers had. heavier 

glands, when comparing selection groups. Table 13 shows that all main 

• effects were significant at the 17. level. In a previous study with 

this colony, the main effects of sex and temperature were significant
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(48)o An interaction, sex by water (Table 13), was also significant* 

This interaction is similar to the one seen for pituitary weights-be

cause when comparing water intake groups between sexes, it is readily 

seen that the females had larger differences.

' aTable 4« Mean Values for Adrenal Weights,

Water T e m p e r a t u r e
Intake .22°C 35°C
Group Male Female Male Female

High 17,13 (3„00)b 28,25 (4.16) 14,13 (2,83) 24.75.(3.20)

Low 18,38 (3,46) 36,25 (4,49) 17.88 (3,08) 32,63 (3.76)

a. Milligrams per gram body weight x 100,

b. Standard deviation.

The significance of the water consumption effect, is rea

sonable if gland weight can be used as an indication of function, as 

the role of the adrenals in water metabolism is largely mediated 

through its mineral corticoid effects. The high drinkers would have 

less need for sodium retention and water conservation as their food 

consumption was greater. This would be consistent with lower gland 

weights and lower mineral corticoid outputs. The sex effect may be 

explained in the Same manner as was the sex effect for pituitary 

weights. It is conceivable that this difference, where the heavier 

glands were in the females, may represent a potential capability of 

increased function which would contribute to adaptability.
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Table 5 gives the means of kidney weights., adjusted for body 

weight<, It can be seen that between sexes, females had heavier kidneys 

Table 13 shows that temperature and water consuming effects 

were significant at the 1% level0 Sex and temperature effects were 

noted, in a previous study (48), The appearance of the water consumption 

effect is interesting and will be dealt with in the next section.

Table 5, Mean Values for Kidney Weights<,.a

Water T e m p  e r a t u r e •

Intake 22° C 35 ° c
Group . Male Female Male '■ Female

High 65.88 (4.12)b 67.75 (6,20) 54.00 (5,41) 56,88 (5.00)

Low 71.25 (4.05) 76*00 (3.90) 55,75 (3.03) 59,12 (3,16)

a® Grams per gram body weight x 10 * 

bo Standard deviation*.

Effects-of Temperature, Sex, and Water Consumption 
on the Thickness of the Renal Medulla

'Mean medulla lengths in millimeters adjusted for body weight 

are presented in Table 6, The pattern is again similar to previous 

tableso Comparing sexes, females have longer medullas as do low drink

ers when comparing water consumption0 Table 7 gives mean medullary 

lengths adjusted for renal weight and a similar pattern is again ob

served 0 Table 13 shows the main effects, sex and water consumption, to 

be significant at the 1% level for both adjustments» The temperature 

effect was significant only when adjusted for kidney weight.
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Table 6, Mean Values of Medullary Lengths Adjusted for Body Weight,^

Water T e m p e r a t u r e
Intake 22°C 35°C
Group Male Female Male Female

High 2.15 (0.34)b 2.76 (0.33) 1.94 (0.24) 2.78 (0.31)

Low 2.59 (0.40) 3.52 (0.56) 2.37 (0.65) 3.23 (0.76)

a„ Millimeters per gram body we ight x 10^.

b. Standard deviation0

Table 7. Mean Values of Medullary Lengths Adjusted for Kidney Weight0a

Water . T e m p e r a t u r e
Intake . 22°C 35 °G
Group Male Female Male Female

High 3.24 (0.42)b 4.10 (0.83) 3.45 (0.69) 5.25 (0.83)

Low 3.65 (0.53) 5.28 (0.56) 4.29 (0.62) 6.18 (1.10)

a. Millimeters per gram kidney weight x 1000

b. Standard deviation^

A possible explanation of the thermal effect that appears only 

when adjusting for kidney weight may be related to the need of the heat 

stressed animal to conserve more water. This could be accomplished by 

the longer medullas which were found in the high, temperature group0

Studies among various species have shown that better urine con

centrators are animals with longer medullas, or more exactly, longer 

loops of Henle (6)„ This same principle appears to have exhibited
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itself in the case of these two water consuming groups. Differences in ' 

medulla lengths could be the cause for polydipsia in that shorter loops 

of Henle are not able to concentrate as well. Another possibility is 

that the difference is secondary to polydipsia where the shorter medulla 

would result from the chronic high water intake. It cannot be shown 

from obtained data which possibility is correct.

Another possible reason for polydipsia may be the length of the 

proximal tubule. It has been shown previously that certain cases of 

diabetes insipidus have marked shortening of proximal tubules which 

results in a marked reduction of reabsorption of the glomerular fil

trate and overloading the distal tubule (49). , This possibility was 

not studied in this paper.

Comparisons between sexes showed that females had longer medul

las. This Observation has not been previously reported. Longer 

medullas could be an evolutionary advantage enabling females to. concen

trate more efficiently during pregnancy and lactation.

Results of Gross Histological Examination 
of the Renal Sections

The convoluted tubules and glomerular tufts were examined for 

evidence of degenerative.processes, vacuolar nephrosis, and cellular 

swelling in the slides used for medullary length determinations. The 

slides were examined independently by three pathologists. It was their 

opinion that cellular swelling was present in the proximal tubules of . 

the high water drinking group. There was no evidence of tubular degen

eration nor vacuolar nephrosis (Figures 4 and 5, 400X).
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Figure 4. Representative photomicrograph of a kidney taken from a 
high water consumer.

Figure 5. Representative photomicrograph of a kidney taken from a 
low water consumer.
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The existence of proximal tubular swelling is probably not the 

primary cause of polydipsia in this group but rather a result of high 

urinary output* This is reasonable based on evidence for renal func

tion given later in this paper* If the tubular cells were dysfunction- 

lug, renal function would be impaired, but renal concentrating 

mechanisms were found to be normal* / •

The observed cellular swellings could also occur from slow fix

ative infiltration* This possibility is doubted, due to the consistent 

swelling seen in the high water consuming group * "Additional pathologies 

may be present, but their demonstration would require use of better 

fixatives, different stains, and more sections, It is doubted that any

additional pathology found would be the primary cause of the polydipsia

but- rather secondary to chronic high water intake*

" * Effect of Temperature, Sex, and Water Consumption
on Pituitary Vasopressin Content

■ Before "discussing results obtained, certain discrepancies con

cerning the standard employed must be mentioned * These were unknown at 

the time of assay* Mann Chemical Company supplied a powdered ADH prep

aration which was claimed to be of bovine origin* It was assayed by 

the supplier to have a potency of 45 IU per milligram* Upon receiving 

the preparation, it was placed in a freezer and stored there except 

when weighing out a sample for a standard* Amino acid analysis showed 

the presence of amino acids not found in arginine ADH* Pituitary 

glands, when extracted and purified in the above manner, had similar 

amino acid prof iles as the standard*



In order to confirm the results obtained by chemical determina- 
1tion, Dra Helmuth Vorherr of ■ Cedars-Sinai 'Medical Center, Los' Angeles,, 

consented to bioassay our standard and one sample0 These were also 

photometrically assayed in a similar manner to the samples used in this 

study. The standard used by Dr0 Vorherr was a USP preparation* Re

sults of Dr* Vorherr and the expected results are given in Table 8, ex

pressed in ADH activity (IU) per sample*

Table 8* Comparison of ADH Activity in Samples by Bioassay and 
Chemical Determinations«

Bioassay Chemical/ tttX J Determination(IU) (IU)

Mann Standard (0.50 mg. ) 8.8 i. 2<,0a 25°

Pituitary Sample (whole gland) 0.7 i. 0.1a 0.8°

a. Standard error.

b. Basis of suppliers stated value.

Co Basis of chemical determination compared to standard from 
Mann Chemical Company.

It can be seen that the chemically determined and bioassay val

ues for the standard differed by a factor of three. It was later dis

covered that the. preparation f rom; Mann had, been mis labeled, and that the 

supplied standard was a mixture of unknown proportions of lysine and 

arginine vasopressins. This could account for some of the differences

I. Present address % Department of Obste trics-Gynecology9 
School of Medicine, University of New Mexico, Albuquerque,.New Mexico.
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between the chemical and the bioassay determinations of the standard as 

lysine vasopressin does not have the same Rf value as arginine ADH, and 

after chromatographing the standard, it was probably lost (44). The 

amount of impurities present at the same Rf as arginine ADH is unknown9 

but when assayed and given a value of 45 XU per milligram, a reasonable 

figure was obtained for the samples. This is a possible explanation 

for obtaining values that are comparable with those reported in the 

literature.

Table 9 presents mean values for pituitary ADH, obtained by 

previously described methods, adjusted for body weight. The pattern is 

similar to previous tables. Table 13 shows that the main effects, sex 

and water, are significant at the 1% level. A sex by water interaction 

was significant at the 5% level.

Table 9.. Mean Values for ADH Adjusted for Body Weight.a .

Water T e m p e r a t u r . e
Intake 22° C 35°C
Group Male Female Male Female

High : 2.4 (0„38)b 3.2 (0.41) 2.2(0.23) 3.2(0.40)

Low 3.2 (0.30) 4.8 (0.63) 3.1 (0.35) 4.7 (0.41)

a. IU in whole gland per kilogram body weight.

b. Standard deviation.

The mean values of ADH adjusted for pituitary weight are given 

in Table 10. The pattern is again similar.except that a temperature
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effect is noted which was absent in Table 90 Table,13 shows all three 

main effects to be significant at the 1% levelo

Table 10o Mean Values for ADH Adjusted for Pituitary Weight0a

Water T e m p  e r a t u r e
Intake 22°C 35 °C
Group Male Female Male Female

High 10.0 (0.11)* 10.0 (0.28) 11.0 (0.40) 12.0 (0.12)

Low 13.0 (0.23) 15.0 (0.30) 16.0 (0.37) 20.0 (0.32)

a0- IU in whole gland per milligram pituitary tissue x 100.

bo Standard deviation0

A significant difference between the two temperature groups is 

reasonable as at higher temperatures an animal should be conserving 

more water0 Whether this difference is due only to the need to con

serve urinary water or to other factors resulting from the thermal 

stress is impossible to determineo These results are in contrast to 

the pituitary weight comparisons where the heavier glands are in the 

low temperature group which also had the lowest ADH coneentration0 The 

hypothesis that differences in gland mass is an indication of function 

may be false when ADH production is consideredo

The observed sex difference for ADH follows the difference ob

served iii pituitary weight between sexes0 The larger concentration 

found in females may be related to adaptability which was noted in 

previous sections0 /
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Differences in ADH concentration between selection groups may

be explained in part by the diuresis found in the high water drinkers0 

Other factors could have a role in the differences observed0 The same 

question again arises --.are observed differences the cause of or re

sult of polydipsia? This question will be dealt with further in a 

later section0

An important fact obtained from these data is that each animal 

has a measurable pituitary content of ADH0 This finding is important 

as it has been reported that diabetes insipidus rats have no measurable 

amounts of pituitary ADH (IS)* This would indicate that the polydipsia 

rats did not have diabetes insipidus* This is not conclusive as dia

betes could arise from the inability of the posterior pituitary to re

lease ADH into the vascular system or a renal insensitivity to ADH0

Effects of Temperature* Sex, and Water Consumption. . 
on Adrenal Content of Aldosterone

The means of aldosterone content in the adrenal glands adjusted 

for body weight are listed in Table 1 1 *  A. similar pattern is found as 

in previous tables* In comparing sexes$, females have more total aldo

sterone* Low water drinkers have a greater concentration when compared 

to the polydipsia animals* Table 1 3  shows the main effects, sex and 

water consumption,, to be significant at the 17* level* The effect of 

temperature was hot significant although average values were lowet in 

the high temperature group* A sex by water interaction was significant 

at the 17o level * Differences between high and low water intake groups 

were larger among females than males*
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Table 11. Mean Values for Aldosterone Adjusted for Body Weight.3

Water T e m p e r a t u r e
Intake 22°G 35 °G
Group Male Female Male Female.

High 2.10 (0.09)b 2.60 (0.03) 1.70 (0.04) 2.70 (0.14)

Low 3.00 (0.05) 5.60 (0.05) 2.40 (0.05) 5.30 (0.25)

a. Micrograms in whole adrenal gland per kilogram body weight.

b. Standard deviation.

Table 12 gives the mean values of aldosterone adjusted for 

adrenal gland weight. It can readily be seen that the sex difference 

is lost in this case, but the water,consuming effect is significant at 

the 17. level (Table 13).

Table 12. Mean Values for Aldosterone. Adjusted for Adrenal Weight.3

Water T e m p e r a t  u r e
Intake 22 0 C 35°C
Group Male Female Male Female

High 1.00 (0.03)b 0.90 (0.02) 1.00 (0.09) 1.10 (0.04)

Low 1.50 (0.02) 1.50 (0.06) 1.60 (0.03) 1.70 (0.03)

a. Micrograms in whole adrenal gland per milligram adrenal
weight.

b. Standard deviation.

Values given in Tables 11 and 12 are similar to previously reported 

values for the laboratory rat (35). Aldosteronism can be ruled out
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with findings of average aldosterone levels, absence of adrenal tumors,

and previously determined values for plasma electrolytes which were
2within normal, limits0

The observed sex effect for aldosterone content when adjusted 

for body weight probably resulted from heavier adrenal glands found in 

femaleso The lack of a sex effect when adjusting for adrenal weight 

indicates that the concentration of aldosterone in the adrenal glands 

is similar for both sexes0 -

Results of Urine Concentration Study

Results of the concentration test for high water consumers are
. • • /
plotted in Figure 60 Figure 7 shows the plotted results for the low 

drinkerso Plots are in milliosmolarity versus urine volume and are 

linear in both cases with the fitted regression equation given0

.A nonzero regression coefficient implies that the observed 

group of rats was able to concentrate their urine0 In both cases, the . 

experimental animals approached maximal urine concentration (2400 

milliosmolarity) which has. been reported (42)0 This finding indicates 

that an adequate synthesis and release of ADR occurs0 It also implies 

that the renal tubules are sensitive to ADR and there is no. pathologic- -- 

cal condition preventing maximal.concentration0

From results presented, it can be seen that the occurrence of 

polydipsia is probably not of pathological origin but rather due to 

some other mechanism influencing water metabolism. The most suspect

to Private communication from a previous study done by flame 
photometry, To 0 1 Kane, Department of Animal Pathology, University of . 
Arizonao . \ .. ; .
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would be the processes that control the thirst drive6 This mechanism 

is poorly understood, but it is related to the hypothalamic region of 

the brain which has receptors that monitor plasma concentration of 

electrolyteSo A possible explanation for the polydipsia is that re

ceptors of the hypothalamus are affected in some manner so as to be 

set at a lower threshold value causing increased thirst0 The factor(s) 

which control threshold levels could be the process which was geneti

cally selected for in this colonye Whatever the mechanism, it.appears 

to be a compulsive drive experienced only by.certain animals„ The com

pulsion, whether of hypothalamic or other neural origin, can be con

trolled if the animal is deprived of water, indicating that it is more 

of a psychological factor rather than a physiological dysfunction0



Table 13o Results of Analyses of Variance for Variables in Study0

Source of Variation DF M e a n S q u a ar e s
1 2 3 4 5 6 7 8 9

Temperature (T) 1,048** 113** 3,263** 522 19,635** 14 1,936 14,251 4

Sex (S) 7,289** 2,957** 79* 22,877** 56,942** 2,463** ' 885**500,380** 7.

Water Consumption 
Group (W) 244* ' 166** 468** 8,145** 9,579** 2,488** 7,2 25**5 26,895** 535**

T X S : 32 13 6 484 3,011 •5 : 105 5,794 1

T X W 93 3 58 27 805 1 20 3,177 12

W X S 1 200* 356** 54 25 13 178* 77 168,817 1

T X S X W 51 . 2 0.2 2 1,531 10 22 ’ 836 1

Residual 46 41 16 19 1,197 1,450 33 58 7,419 9 .

a, (1) Pituitary weights in milligrams per gram body weight x 10 , (2) adrenal weights in 
milligrams per gram body weight x 100, (3) kidney weights in grams per gram body weight x 10^, (4) 
medullary lengths in millimeters per gram body weight x 10\ (5) medullary lengths in millimeters 
per gram kidney weight x 100, (6) ADH in X«U0 per gram body weight x 10^, (7) ADH in I0U 0 per milli
gram pituitary tissue x 100, (8) aldosterone in micrograms per gram body weight x 10^, (9) aldoster
one in.micrograms p.er milligram adrenal weight x lO^,

**= (P<0„01)„
*0 (P<0„05)

4>
CTv



CONCLUSIONS

Comparing adjusted pituitary, adrenal, and kidney weights among 

the temperature groups, sexes, and water consumers, heavier glands were 

present in the lower temperature environment, females, and low water 

drinkers. Significance of the temperature effect probably lies in the 

chronic thermal stress placed on an animal. Environments above optimal 

temperature are known to be inhibitory for growth and viability. The 

significance of the sex effect could be related to greater adaptability

of the female to stressful situations. Lower gland or organ weights\ ■
among high water drinkers may result from a stress created by polydip

sia. Lighter gland or kidney weights appear to parallel certain re

duced metabolic activities except for pituitary ADH content of rats in 

the hot environment. In all cases, reduced activity appears to be 

secondary to polydipsia.

Comparisons of renal medulla lengths, which are an approxima

tion of the loop of Henle, show a pattern in which longer medullas are 

found in the low drinkers, females, and the high temperature group. 

Dependence of medulla lengths on sex is probably due to female attrib

utes producing better stress adaption. The significant difference in 

medullary thickness between the two water consuming groups is a result 

of chronic polydipsia and not a renal anomaly which causes or influences 

observed water intakes. This can be assumed based on renal concentra

tion results previously discussed. The temperature dependence may be 

related to the need for urinary conservation in the thermal stressed rats
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ADH determinations showed higher concentrations in low drinking 

ratsj females, and the high temperature group0 The observed tempera

ture effect could be due to the need for water conservation at higher 

temperatures.. Existence of lighter pituitary glands in the high tem

perature group is not expected based on glandular ADH content. The 

reason for this is unknown, but it could involve thermal effects on 

glandular development. Sex effects are probably related to greater 

female adaptability compared with the male. Dependence of ADH content 

on water consumption can. be explained on the basis of polydipsia.

Lower ADH levels in high consumers are an expression of reduced need 

for water reabsorption. Since the polydipsic animal can concentrate 

urine, there must not be a. permanent limitation on the synthesis, re

lease, . and action of ADH.

Adrenal content of aldosterone was greatest in the low drinkers 

and females. The sex effect is probably again due to larger gland sizes 

in females. The observed effect of water consumption may be related to 

increased water and dietary loads ingested by high drinkers which would 

not require a high level of aldosterone^ It was shown that reduced 

levels of aldosterone were not a cause of, but rather a result of, 

greater daily ingestion of water and electrolytes. ,

A different group of rats was used in the urinary concentration 

test. The group consisted of all adult males housed at 220C. Results 

obtained showed ADH activity, and absence of renal anomalies or aldo

steronism-like syndromes in these animals. The test animals demon

strated the ability to concentrate urine maximally and survive in a
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deprived state for a period of time without any visible adverse ef

fects o Information gained from this test showed that the observed 

polydipsia is not a simple classical syndrome associated with pitui

tary, adrenal, or renal pathologies but rather a result of some other 

metabolic or psychological dysfunction,, .



SUMMARY

A study: was undertaken to examine certain factors between two 

• groups of rats genetically selected on the basis of high or low water 

consumption. The colony was housed in two environments, the control at 

22°G (72°F) with 50% relative humidity and the hot room at 35°C (95°F) 

with 35% relative humidity. Factors examined were pituitary, adrenal, 

and kidney weights, renal medullary thickness, gross histological exam

ination of the kidney, glandular contents of ADH and aldosterone, and 

renal concentrating ability. These factors were statistically evalu

ated considering all possible combinations of environmental temperature, 

sex, and water consumption.

Results of the study showed high drinkers having lower weights 

for pituitaries, adrenals, and kidneys when adjusted for body weights. 

Lower weights were found in the males and high temperature animals when 

comparing these groups. The high water consumers had shorter renal 

medullas and possible histological changes in the renal cortex. These 

changes, which could be artifacts, appear to be cellular swellings in 

the cortical tubules. Shorter medullas were also found in the males 

and in the low temperature group, Hormone determinations for ADH and . .

aldosterone revealed lower glandular contents among high water drink-
. . .  . . - ■ •

: ers, males, and the low environmental temperature group,

A further study involving a renal concentration test between 

the two consuming groups demonstrated no significant differences in

50
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concentrating ability0 This is indicative of a nonpathological condi

tion causing the appearance of polydipsia as the animals could concen

trate maximallyo The cause of water intake differences was not 

disclosed, but it was shown that the differences observed were due to 

the polydipsia and not its cause0 The large daily intake of water may 

place a load on the individual rat, and this stress may be manifested 

in the form of lower gland and organ weights, shorter medullas, and de

creased hormonal contents in the tissues0
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