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CHAPTER I
INTRODUCTION
What Is Stress?

"Stress is the state manifested by a specific syndrome which con-
sists of all the nonspecifically induced changes within a biolegical
system" (Selye, 1956, pp, 5%4). Further, stress is a hypothetical con-
struct that is useful only to the extent that it can help organize un-
related findings and result in a more parsimonious explanation of empir-
ical findings. The above definition of stress as given by Selye states
that stress is a syndrome that is identified by certain visible mani-
festations, and although stress is identified by a specific syndrome, it
is nonspecifically induced, Heat, cold, thirst, hunger, pain, and many
other different stress inducers can result in the same specific syndrome
of stress, The stress syndreme is the sum of those changes in an organ-
ism that are nonspecifically induced. Although differing considerably
in their effects on an crganism, heat, cold, thirst, hunger and pain
can all be called stressors, because they all elicit a specifie, iden-
tifiable syndrome in the organism,

Oﬁe of the major changes that cccurs as a result of stress is the
increase or decrease in the hormonal activity of the adrenal glands.

The level of activity of the adrenal glands is very indicative of the
stress syndrome, and can actually be used to identify different stages

in the stress syndrome., For example, continued exposure to very cold



temperatures first results in the adrenal cortex discharging all its
supply of microscopic fat granules containing the adaptive cortical
hormones, This stage is called the alarm reaction. If the stress is
net too intense, the adrenals will be overactive and become laden with
an excess of fat droplets, This comprises the stage of resistance.
The eventual lcss of the excess fat droplets results in the stage of
exhaustion, Selye (1956, pp. 87) showed this diagramatically as

follows:

:Stage of Resistance |
1

. i
Normal Level ol RN

of Resistance T i = " \\;
i *{ Stage of Exhaustion

Time >

Figure 1, Diagram of GAS,

An excellent experimental demenstration ¢f the abeve figure is
given by Selye (1956, pp. 88-89). One hundred rats were placed in a
freeger, The alarm reaction was regarded as cccurring during the first
48 heurs since the rats were found to have large fat-free adrenals.
After 48 hours, 20 rats were placed in an even colder chamber together
with a control group that had not been in the criginal freezer, With
resistance measured in terms of survival, the group that had already
developed an alarm reaction was found to be less resistant than ncrmal,

After ancther five weeks, a sscond sample was taken from the original,



moderately cold freezer. The subjects were then fully adapted to the
cold enviromment and upon being placed in the colder chamber were found
to be more resistant than normal (control Ss). This cerresponded to

the stage of resistance., Interestingly, the resistance was not perman-
ent, for after several months in the cold, the rats could not survive
even in the meoderately cold freezer, which indicated the final stage of
exhaustion., According to Selye, "Adaptability can be well trained to
serve a special purpose, but eventually it runs out; its amount is
finite" (Selye, 1956, pp. 88). He pointed out that a similar pattern
has been found with forms of stress other than cold, thus leading to

his concept of "adaptation energy.” Since a finite amount of adaptaticn
energy exists in an organism, it is interesting to cconsider the possi-
bility that adaptation to one stressful situation may be at the expense
of being able to adapt to future siress., Selys considered stress to be
the rate of wear and tear on the body; he fellt that death does not occur
as a result of old age, but as a result of certain parts of the body
wearing out,

There are two major types of hermeones secreted by the adrenal cor-
tex, the proinflammatory (P-C) and the anti-inflammatory (A~C) corti-
coids, The P-=C's promote the formaticn of inflammation in the bedy, an
adaptive response, and influence mineral metabolism by causing the re-
tention of sodium and excretion ¢f potassium, P=Cls are algo called
mineralocorticeids., The A-C's, as the name implies, inkibit the forma-
tion of inflammation in the body.

Inflarmation is generally identified by reddening, heat, swelling,
and pain in the body of an organism, It ig an adaptive response that

represents an active defense reacticn in that it forms a barricade



arcund the invaded territory demarcating the sick from the healthy.
Several disadvantages are assoeiated with the formation of inflammation;
the most critical of these is that the rapidly proliferating tissue may
interfer with the function performed by the inflamed area.

The adaptive hormones (P-Cts) may or may not provide the most
appropriate response to an irritant, The formation of inflammation is
generally quite adaptive where certain infections are concerned, but
the body may overrsact to less harmful irritants, resulting in a situ-
ation in which over-adaptation actually comprises the disease. Hay
fever is a good example of an overly adaptive response resulting in a
disease of adaptation,

Both A-C's and P-C's have drastic effects on the kidneys, which
are known to play a major role in maintaining the body's equilibrium
_during general adaptation to stress. The kidneys regulate the composi-
tion of the blood and tissue and alsc adjust bleod pressure; both of
these functions are criticael in maintaining 1life, The actual mechanism
of blood pressure regulation is 1ittle understood, but it is known that
partial constricticon of the renal arteries results in an excess of renal
pressor substances (RPS) exereted into the blood. Although the exact
mechanism is not known, the corticoids, especially the P-C's, can pro-
duce certain inflammatory arterial lesions which gonstrict the blood
vessels of the kidneys., This results in an increase in RPS, which
causes constriction in the psripheral blood vessels throughout the body
which, in turn, increases the resistance against which the heart pumps,
thus raising the bloced pressurs., Largé amounts of P-C's result in a
kidney disease called nephrosclerosis, or Bright's Disease, which is

accompanied by a marked rise in blood pressure and inflammatory changes



in the walls of the arteriss throughout the bedy.

The stimulators of the P-C hormones, or mineralocorticoids, are
not known, although it is fairly certain that minerals in the blood
(sodium and potassium) can act on the adrenals to regulate the mineral-
ocorticeids in accordance with the requirements of the body, The amount
of salt in the diet of an organism can be a critical factor in deter-
mining the results of the presence of P-C hormones in the body., Selye
(1956, pp. 129-133) demonstrated that inereased salt intake was suffi—
cient cause for an otherwise harmless injection of DOCA (P-C hormone)
to eventuate in thirst, edema, dropsy, and a rise in blood pressure
along with renal, cardial and arterial changes that were identical to
the symptoms of Bright's Disease.

The nature of adaptation was of prime importance to Selyet's theory
of the General-Adaptation-Syndrome (GAS). The GAS consists of the sum
of the nonspecific responses to continued stress across time and en-
compasses the three stages mentioned above, The stages can be viewed
as different phases in the developmernt of an adaptive reaction., MAn
essential feature of adaptation is the delimitation of stress to the
smallest area capable of meeting the requirements of a situation!
(Selye, 1956, pp. 120). Adaptation always represents a spacial concen-
tration of effort., The alarm reaction can be viewed as an auxiliary
mechanism which is mcbolized to maintain life since no particular
"grgan-system" has as yet been specifically developed to cope with the
task at hand., The second stage, that of resistance, is entered inte
when adaptation is acquired dus to the development of the most appro-
priate chamnel of defense, Az wear and tear cccurs in the most appro-

priate chammels of dsfense, the organism becomes exhausted and diss,



This is the stage of exhaustion (Selye, 1956, pp. 87-89),

The response of an organism to a particular level of stress caun be
altered, in part, by prior conditions that may in some way alter the
stage of the organism's adaptation to the initial exposure to stress,
If an organism is in the stage of resistance and already has its most
appropriate channels of defense developed, it will probably show super-
lor resistance to stress; if the organism is already in the stage of
exhaustion, its response to the stress will probably be ineffective,

The study of stress and stress inducers is, by itself, quite impor-
tant, but the continual adaptation and conditioning to stress that
naturally occur in the body threoughout an organismfs life have not re-
ceived the emphasis they deserve. Stress exists only as its manifesta-
tion in a biolegical system, and is important only in terms of how the
biological system responds to it, W“WAdaptability is probably the most

distinetive characteristic of life” (Selye, 1956, pp. 118).



CHAPTER II
REVIEW OF THE LITERATURE AND STATEMENT OF THE PROBLEM

Given the above background information concerning the analysis of
stress, what can be said about the results of excess NaCl intake and

its relation to stress?

!

Effects of Excess NaCl Intake

Selye (1943) demonstrated that the DOCA induced Bright's Disease
syndrome could be produced in chicks by giving salt water as the only
source of drinking water, A 2% NaCl solution was toxic enough to
produce 100% deaths in a two-day-old chicks, A 0,90% NaCl solution
resulted in a more chronic course when it was éiven to 19-day-cld
chicks, The chicks increased their intake and exhibited a state of
edema that is identified by an excess retention of waler in the body.
The 19=day-old 0,90% group, some of which swrvived for 20 days, exhi-
bited a decrease in edema between days 10 and 20 and entersd into the
second stage of the disease with increasing development of nephrosclero-
tie changes idsntified by cardiac hypsrtrophy and renal constriction,
An additional greup of 4-week-old chicks was given a 0.30% NaCl solu-
tion instead of drinking water., The weak NaCl solution had no texic
effect on the 28-day-cld chicks. Thus, a 0,90% NaCl solution (approxi-
mately isotonic) was capable of causing drastic behavioral (accelerated

intake) changes as well as physiological changes (nephrosclerosis and



disturbance in water balance).

The 19-day-old chicks given the 0.90% NaCl solution exhibited a
syndrome that can be separated into the various stages of the General
Adaptation Syndrome, The presence of the alarm reaction is substanti-
ated by an initial exaggerated reaction to the NaCl solution. The
chicks greatly increased their water intake, became edemic, and their
kidneys became enlarged, Across days the kidneys appeared to become
specialized or adapted to dealing with the stress of the NaCl load,
Life was maintained in the meantime by exaggerated NaCl solution intake
and the appearance of an edemic state, This can be regarded as an
auxiliary mechanism to help maintain life while some organ-system under-
goes development to cope with the stress, By days 10 to 20 the birds
presumably had entered or were entering the stage of resistance, The
edemic symptoms disappeared, the kidneys showed various changes in the
tubular walls, and cardiac hypertrophy appeared. This provides a good
example of how adaptation is a spacial concentration of effort in the
development of the most appropriate specific channel of defense. Since
the kidneys regulate osmotic pressure of body fluids, total volume of
water in the body, and distribution between intracellular and extra-
cellular portions (Robinson, 1964), they are the most appropriate and
specific channel of defense against salt-poisoning, Selye (1943) did
not determine whether the above physiological changes resulted indirec-
tly from the salt acting upcn the corticeid activity of the adrenal
glands or from salt acting directly on the kidneys., Research (Wilgram
& Ingle, 1961), to be reviewed later, indicates the latter is probably
the case.,

Krakower and Goeltsch (1945) documented the occurrence of anasarca,



an edemic-like state, in 3-week-old chicks given a 0,90% NaCl solution
to drink with additional salt in the food, Fluid intakes were observed
to range from 50% to 100% of body weight per day. The high liquid in-
take was believed to be responsible for edema and other changes.
Krakowsr and Goeltsch also reported concurrent changes such as cardiac
hypertrophy and marked renal glomerular enlargement, with the formation
of new loops and lobules in the chicks.

NaCl concentrations of 0,50% to 1.00% in drinking water, or 1.,00%
to 3,004 added to mash, produced typical edema and ascites, a collection
of serious fluid in the cavity of the abdomen, in five to eight-day-old
turkeys (Scrivner, 1946), Krakower and Heino (1947) reported that, for
chicks, a daily salt load must exceed 0.30 gm/100 gm of body weight if
morphologic changes in heart and kidneys are to téke place. Renal
hypertrophy, mostly tubular mass, was variable but appeared tc increase
in direct proportion to increases in the daily load of NaCl, Marked
hypertrophy of renal arteries and preglomerular arterioles was a con-
sistent finding in birds with a high salt intake. Blood pressure
appeared higher in salt groups. Krakower and Heino concluded that the
higher blood pressure in salt groups was probably more a result, rather
than a cause, of cardiac and arterial hypsrtrophy.

The effect of excess salt intake on blood pressure has been studi-
ed by other researchers. Lenel and Rodbard (1948) reported that blood
pressure in 6-weok-old chickens rose when 0,90% and 1.20% saline solu-
tions were substituted for drinking water:; the degree of hypertension
appeared to depend on the concentration of the salt water ingested.
Hyperplasia and proliferation of glomerular tufts and Bowman's capsule

with compression of the capillaries were found after prolonged periods
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of drinking salt water, Dahl and Heine (1961) found the amount of
hypertension induced in chicks from feeding an excess of Y“sea salt" re-
sulted in significantly higher blood pressure than an excess of NaCl
alcone, ©Sea water is generally found to be mere toxic than similar NaCl
solutions., Sapirstein, et al. (1950) induced hypertension (higher blood
pressure) in rats by watering them with a 2,00% hypertonic NaCl solu-
tion, The hypertension developed only after a latent period of 1-4
weeks of cénsuming the hypertonic NaCl solution., Hypertrophy of the
heart and kidneys relative tc body weight was preéent at autopsy.
Meneely, et al. (1953) studied the effects of varying percentages of
NaCl in the focd on rats., Water was given ad libitum and NaCl in the
food was varied from 0,01% te 9.80%., Hypertension was produced by the
high salt diet in 9 months., Since water was given ad libifum, the rats
could probably reduce scme of the effects of excess salt by diluting
the lead with hypotonic water. A syndrome of edema and renal failure
was more clearly cbserved in the higher percent NaCl groups, Signifi-
cant histologic changes were also reported to be present, especially
in the kidneys of the higher percent NaCl groups. Koletsky (1958) re-
ported that with a 1,00% NaCl solution for drinking water, a period of
several months of the regime was usually required to produce both ele-
vated blood pressure and vascuiar lesions in rats. The elevated blood
pressure can cceur before thers are any significant renal lssions,
Koletsky reported that the mechanism of salt injury is unknown, although
it iz poseibly related to retention and intracellular accumulatien of
Na, which results in a critical electrolytic imbalance., Once hyper-
tension hag been induced in rats by feeding of excess salts, it may

become self-sustaining (Dahl, 1961). Dakl reported that after chronic
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feeding of sedium salts for 12 to 13 months, withdrawal of the salts
from the diet failed to result in any significant drop in blood pressure
for about two-thirds of the rats tested. Further research indicated
adrenal glands were found unnecessary to induce hypertension in rats
with excess salt in the diet (Wilgram and Ingle, 1961), Adrenalectomiz-
ed rats given excess salt developed increased heart weight, lesions in
the kidneys, and hypertension. Wilgram and Ingle concluded that the
mineralesteroids of the adrenal cortex are not the primary pathogenic
agents in inducing these conditions, but may merely potentiate the pri-
mary damaging effects of high salt intakes by promoting sodium reten-
tion. Also, hypertension was induced in dogs by Vogel (1966) by in-
creasing the dietary intakes of NaCl to 2 gm/kg body weight/day and pro-
viding a 0,90% NaCl solution for drinking water. Blood pressure re-
portedly increased 55% over a pericd of 26 days. In summary, excess
© salt feeding appears capable of consistently inducing hypertension in
an eorganism, The mechanism is not specifically known, but salt can
induce changes somewhat independent of the corticcid activity of the
adrenal glands (Wilgram & Ingle, 1961) and an electrolyte imbalance
mechanism was suggested by Koletsky (1958). The morphological changes
and the extent of damage caused by excess salt varies according to con-
centration of NaCl presented, type of crganism, length of time of
presentating, presence or absence of hypotonic solutions, and prior
alternations in the organism, such as adrenalectomy, that alter the
response of the organism to salt.

Several related studies to be reviewed have been less concerned
with hypertensien and other physiclogical changes asscciated with

excess salt intake, The main problem investigated by these studies was
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the response of the organism to NaCl sclutions as measured by tolerance
tests and liquid intake tests. Results from studies of terrestrial
birds are emphasized, Mourning doves exhibited an accelerated liquid
intake when 0.15m NaCl was present, but increasing the concentration

to 0.25m NaCl resulted in a sharp decline in intake (Bartholomew and

MacMillen, 1960). House finches (Carpodocus mexicanus) showed an in-

crease in liquid intake with increase in salinity up to 0.30m NaCl;
however, they became erratic at 0.40m and decreased intake at 0,50m
NaCl (Bartholomew and Code, 1958). These birds were able to maintain
body weight while drinking concentrations up to 0,25m NaCl., Molarities
up to 0.40m could extend survival beyond that found for complete water

deprivation, California quail (Laphartyx californiéus) did not always

show increased liquid intake when hypertonic NaCl was present, ‘Rather,
they maintained a uniform level of consumption for salt concentrations
up to about 75% sea water, which is approximately 040m NaCl (Bartholomew
and MacMillen, 1961). California quail could tolerate NaCl concentra-
tions as high as 37.5% sea water.

The liquid intake and body weight of varicus subspecies of Savannah

SPArTrows (Passefculus sandwichensis) has been studied by Cade and

Bartholomew (1959). The subspecies brcoksi was found to increase
liquid intake with inereasing concentrations of NaCl up to 0,40m, with
body weight holding constant, Both liquid intake and body weight de-
creased sharply when a 0.60m NaCl sclution was present; scme birds did
not survive the high concentration. The subspecies beidiﬁgi showed a
decrease in liquid consumpticn with increasing salinity and was able to
maintain body weight on a 0,.55m NaCl selution. A pattern similar to

the beldingi was exhibited by a third subspecies, roétfatué. Foulson
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and Barthclomew (1962) have extended the research on the beldingi and
éﬁfﬁéiv Measures of osmotic pressure and chloride concentration in
serum and urine indicated that both subspecies increased urine chloride
concentration and urine osmotic preséure with increasing NaCl concen-
tration of the drinking solution.

Harriman (1966a) determined the salt tolerance and liquid intakes

for starlings (Sturnus v. vulgaris) and purple grackles (Quisdélﬁs q;

guiscula). Both starlings and purple grackles showed elevated fluid
intakes when 0,20m NaCl was present, but decreased fluid intakes at
higher concentrations. On a 10 day survival test with 0.25m NaCl as
the drinking water starlings were found to have 100% fatalities and the

purple grackles had 100% fatalities at 0,35m NaCl,
Adaptation to the Stress of Excess Salt

Selye (1956, pp. 118-124) pointed cut the possibility of adaptation
factors in stress., Internal factors, such as heredity and past experi-
ences, may leave permanent changes in the body and in the responses of
the organism to stress. Bxternal factors, such as diet, may adapt an
organism to stress without permanently altering its body (Selye, 1956,
pp. 95-98). Internal and external adaptation may increase resistance,
decrease resistance, or have no effect on the resistance to a particu-
lar level of stress; these shall be designated as pocsitive, negative or
neutral adaptation, respectively. Tho example given earlier in the
review of the rats in a deep freeze is an example of positive adapta-
tion; that is, increased resiztance to stress (after five weeks). Salt
in the diet of an animal can reszult in a decrease in resistance, or

negative adaptation, to the stress of DOC injecticns (Selye, 1956, pp.
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128-138), The question this review is concerned with is whether an
organism can be adapted to the stress of hypertonic NaCl solutions. Few
studies have dealt with this problem explicitly, but several studies
supply relevant data. For example, Bartholomew and MacMillen (1961)
found that normally hydrated Califcornia quail lost weight when given
solutions more concentrated than 37.5% sea water; yet, when subjected
to dehydration, they could utilize much higher concentrations of sea
water and regain thelr weight. 'Dehydration served as an adapting factor
that increased the quails! resistance to stress as measured by weight
loss. Cade and Barthelomew (1959) reported that for a single member of
the subspecies (EEEEEEEEE)» which was subjected to water withdrawal,
"Its capacity to resist dehydration was apparently related to the
salinity of water on which it had been subsisting immediately prior to
the dehydration test, The more saline the water it had been drinking,
the better it maintained ite weight after withdrawal of water% (Cade
and Barthclomew, 1959). The amount of adaptation that took place was
believed by the awthors to be a funeiticn of the concentration of NaCl
the bird had been drinking., In this case, the resistance to stress was
inereased by, and was a function of, the salt water concentration on
which the bird had previously been subsisting, This also provides an
example of a stress-inducer of one kind (hypertonic NaCl) serving as an
adapting factor for ancther kind of stress-inducer (water deprivatiocn),
The period of peszitive conditicning or adaptation can be best regarded
as the time interval during which an organism is developing its most
effieient means of dealing with a particular kind of stress and pre-
adapts itself fer Selyels "stage of resistance.” Whelther a particular

event or set of stimuii acts as a positive, negative ¢r neutral adapting
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factor for subsequent stress must be determined empirically, The gen-
erality and specificity of the effects of various positive, negative,
or neutral adapting factors on different kinds of stress-inducers have
not yet been fully explored,

Nasal salt glands in domestic ducks have been shown to increase in
relative weight as a function of the salt concentration the birds had
been adapted to drinking (Ellis, et al., 1963, Schmidt-Nielson and Kim,
1964)., Schmidt-Nielson and Kim (1964) alsc showed that salt-adapted
ducks were better adapted to dealing with the excess NaCl incurred by
intravenous NaCl injections. The adapted ducks could exerete more of
the salt load and at a more rapid rate than the nonadapted ducks which
were raised on fresh water., Prior experienece with hypertonic saline
solutions resulted in permanent alterations in the adapted ducks' nasal
glands., The increased efficiency and size of the nasal glands served
to preadapt the ducks to later, more stressful salt leads,

Only one other study has been concerned with the possibility of
increasing the salt tolerance of an organism by preadaptation. Jeliﬁek,
et al. (1966) gave rats, aged 16, 33, and 86 days a 2% NaCl sclution
for drinking water for 70 days. They reported that salt-adapted groups
could excrete a urine higher in sodium and urea concentrations in res-
ponse to a hypertonie salt load than could the nonadapted control
greups, Age was found to be an important factor in determining how
well the rats could be adapted to the 2% conditioning solution. The
16~day-old group was the group least capable of adapting to the 2%
hypertonic salt solution and often drank large amounts of water, lost
Weight and died, ALl groups were reported to show bolh an absclute

and relative to body weight increase in kidney weight, but incrsased
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kidney size and increased renal concentration ability were not consis-
tently related.

Generalizing from the above studies, it appears that subjecting an
organism to the proper amount of stress (hypertonic solutions or water
deprivation) can serve as an adapting factor that may preadapt an organ-
ism so that it can more efficiently deal with particular kinds and more
intense forms of stress, The above paradigm of adaptation to stress is
similar to the example of Selyet!s rats in a deep freeze (Selye, 1956).
Of the number of stress-inducers investigated, only a few have consi-
dered adapting factors (Seiye, 1956), With the known importance of
sodium in the maintenance of 1life, it is surprising that so few studigs
have in any way related an organism's response to NaCl to any preadép£-
ing factors that might drastically alter the organismfs usual response

to salt,
Salt Preference as a Function of Hypertension and Other Variables

Only new stimuli presented to an organism may cause physiological
and/or behavioral changes that comprise the process called é&agfafion;
One of the major behavicral measures associated with the research on
salt is the preference or aversion an organism displays for various
salt concentrations, The term preference (aversicn) implies a choice
(Young, 1955), and the subject is generally given a standard solution .
which ig paired with various compari&an'swlutions, The preferred (less
aversive) sclution is the one that results in the greater relative in-
take of the two test solutions, Under certain conditions, it seems
reascnable that these behavioral conditions sheould somehow complement

physiclogical conditions that exist in the organism. That is,
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physiological indices should have their behavicral correlates, \For OX~-
ample, if an organism is offered two solutions, one of which is so
hypertonic it causes edema and perhaps death and the other of which is
pure water, it would be considered adaptive if the organism chose the

~ less hypertonic solution., What, then, is the relationship between an
organism's preference (or aversion) for NaCl selutions and various
physiological states that exist in the organism? This review will be
Timited to those physiological states that ean be induced by, or relat-
ed to, excess NaCl intake,

Abrams, et al, (1949) studied the effects of hypertension in rats
on self-selectioﬁ of salt soluticns., The kidneys were encapulated in
latex sheaths and the subjects were fed .17m NaCl solutions making the
rats hypertensive., The hypertensive group congistently took less NaCl
than normal rats,

Fregly (1955) bilaterally encapsuled the kidneys of rats with
latex envelopes. The rats were in twe groups, one 10 weeks, the other
20 weeks old. Both groups developed a significant rise in blood pres-
sures within 2-4 weeks, The rise in blood pressure was accompanied by
a rise in water intake., Water and a C,15m NaCl solution were simultan-
eously present throughout the experiment. The intake data revealed a
relative aversion to NaCl in the young hypertensive rats eight weeks
after the operation, during which time the young group’s bleod pressure
was at its highest point. The older group developsd maximal blood
pressure nine weeks after the operation, but failed tc¢ display any con-
sistent NaCl aversion., The life span of the younger, hypertensive rats
were repcrted te be significantly shorter than the appropriate control

group; the clder hypertensive rats were not affected., In a later study
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 Fregly (1956) determined the effects of hypertension, induced as above,
on the preference threshold determined by a two-bettle preference test,
Distilled water was the standard solution and varying concentrations of
NaCl solution served as the comparison solution. Preference threshplds
for normal and hypertensive rats were the same between ,008 and ,0lém
NaCl, A reldative NaCl aversion was reported in the hypertensive rats
when the NaCl comparison solution was ,09m or greater. The normal rats
continued to show a preference for the NaCl solutions at concentrations
above .09m, . Fregly (1959) wanted to determine whether the aversion to
NaCl displayed by hypertensive rats was specific to NaCl, or if such an
aversion would also exist for othersodium solutions. Thus, idenﬂical
preference tests were carried out with KCc1, Nazsou, I4C1 and scdium
saccharin, A similar aversion pattern was found for these compounds as
had been found to exist for NaCl, The nounhypertensive control group
did not display the increased aversion, Fregly concluded that the NaCl
aversion manifested by hypertensive rats was not specifiec, but part of
a general salt aversion, Fregly (1961) reported in a later study that
if the sodium was presented in the food, hypertensive rats could not
regulate thelr sodium intake,

Dahl, ot al, (1962), taking a somewhat different approach, was able
by selective inbreeding to produce two statistically significant popu-
lations from one unselected strain of rats that were different in terms
of the resigtance to the development of induced hypertension from a
high salt diet. Wolf, et al. (1965), extending the approach of Dahl,
gg.gl, (1962), determined the voluntary NaCl intake for two populations
cf rats which differed in their susaeptibility'tc salt indveed hyper-

tension. The hypertensive susceptible group ingested significantly
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less saline solution than the genetically hypertensive resistant group,
Dehydroxycorticosterone (DOCA) nullified the differences between the

two groups, but adrenalectomy had no effect on the differences. Wolf,
et al., speculated that the aversion for saline solutions might be re-
garded as an early indicator of develcping hypertension. Herxheimirv
and Woodbury (1960), investigating the effects of DOCA-treatment, de-
monstrated that DOCA-treated rats decreased their salt preference,

while the untreated control group showed no decrease in preference.

The possibility of genetic factors determining the susceptibility of an
organism to salt induced hypertension represents a fruitful new approach

that helps show the basic importance of salt in the life of an organism.
Salt Preference in Terrestrial Birds

The final arsa to be reviewed concerns those studies that have
been primarily concerned with determining the natural salt preferences
(or aversions) associated with variocus species., Emphasis will be
specifically on terrestrial birds.

In most species of terrestrial birds thus far investigated con-
centrations of NaCl, when paired with distilled or fresh water, have
resulted in indifference or aversion to all NaCl sclutiens (Harriman,
1966b), Most mammals show an initial preference for NaCl concentrations
up to approximately isctonic concentrations, followed by an increasing
aversion as the NaCl solutions become increasingly hypertoniec (Young,
1961)., Since terrestrial birds show only indifference for very low
NaCl concentrations instead of the mammalian preference, it is difficult
to determine if birds are capable of discriwinating among variocus low

concentrations of NaCl, Therefore, a legitimate question to be
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conslidered is whether terrestrial birds are capable of discriminating
between various NaCl solutions and distilled water at other than ex~
tremely hypertonic or toxic levels, Salt water discrimination tests
given to mourning doves (Bartholomew and Maclillen, 1960) revealsd that
doves could only discriminate between a solution which they could not
use to maintain water balance and a solution on which they could main-
tain a water balance., California quail (Bartholomew and MacMillen,
1961), unlike the mourning dove, can discriminate between salt solu-
tions below the concentration (37.5% sea water) on which they can main-
tain body weight.

Research with starlings and purple grackles indicated that signi-
ficant aversion dees not occur until 0.15m NaCl concentration for star-
lings and 0,50m NaCl concentration for grackles (Harriman, 1966a),
Starlings cannot survive on a 0.,25m NaCl secluticn, while grackles cannot
survive on a 0,35m NaCl solution {Harriman, 1966b), Starlings show
aversion te NaCl solutions well within the maximum NaCl concentration
they can tolerate, while grackles do not display significant NaCl
aversion until the concentration is considerably above the level they
can utilize, As pointed out by Harriman (1966a), tolerance and prefer-
ence may or may not be interrelated in helping the organism adapt.

Preference tests have been conducted for bobwhite and Japanese
quail, but only a single NaCl solution (2%) was used (Brindley, 1965).
The 2% NaCl solution was found to be aversive by both species of quaii.

The salt-preference data indicates that terrestrial birds show
an indifference or aversicn tc all NaCl solutions., The coneentration
significantly rejected by a particular speciss may, or may net, be re-

lated to the maximum concentration the specie can tolerate, TFew
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preference tests have clearly demonstrated whether terrestrial birds

are capable of discriminating among more dilute NaCl solutions,
Statement of the Problem

This study investigated the response of Japanese quail to NaCl
solutions which were substituted for drinking water. One objective was
to determine whether Japanese quail show the usual rise in liquid in-
take with rising salt concentration, and if the particular pattern of
liquid intake is altered across time.

Salt tolerance and salt preference were investigated as functions
of the concentration of NaCl to which the Japanese gquail had been pre-~
adapted, The salt tolerance test determined whether prior experience
with NaCl solutions could in any way result in greater tolerance for
higher NaCl concentrations. The preference test provided information
on whether previous experience or adaptation te NaCl solutions altered
the subjectst! future acceptance or rejection of a range of NaCl solu-
tions. Also, the possible relation between salt toleranée and salt
preference was investigated.

The above findings were related to Selye's theory of adaptation
to stress,

Finally, the study provided empirical data on an excellent experi-
mental subject, Japansse qﬁail (Wetherbee, 1961), Little or no infor-

mation is available regarding their water and salt balance.



CHAPTER III
METHOD
Subjects

Fifty-five Japanese quail (Coturnix coturnix japonica), supplied

by the Oklahoma State University Poultry Science.Department, were fed
ad libitum Purina Game Bird Startena, Room temperature was maintained
between 71 and 79 degrees F., and the humidity varied between 61 and 71

percent,
Apparatus

The salt preference tests were given in individual cages (16 x 13
x 24 in,),  Individual cages @Lx 9 x 8 in,) were used for the salt
tolerance test, All solutions were presented in glass drinkers with
inverted pint jars. Liquid intakes were measured to the nearest 0.5 gm

with a control drinker being used to determine evaporation,
Preliminary Procedure

The subjects were randomly divided intoc three groups when they
were 20 days old, During the adaptation schedule the Ss were cages
with groups of four or five Ss to a cége (16 x 13 x 24 in,). Group I
(18 Ss) was maintained on distilled water while Group II (19 Ss) #nd
Group III (18 Ss) were gradually adapted to‘drinking 0.15m NaCl and

0.20m NaCl solutions, respectively., A salt-adaptation procedure similar

22
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to Ellis, et al, (1963) provided the following schedule for Group IT

and Group III:

TABIE T

ADAPTATION SCHEDULE FCR GROUP II AND GROUP III

Group IT (0,15m) Group III (0,20m)

NaCl present Distilled water Days NaCl present. Distilled water Days.

12 hours 12 hours 5 12 hours 12 hours 5
16 hours 8 hours 5 16 hours 8 hours 5
.20 hours .. .. & hours .. 20 20 howrs . ... 4 hours . . . 20.

Forty-nine Ss survived the adaptation schedule and resulted in 17, 16,

and 16 Ss in Group I, Group II and Group III, respectively.
Preference and Tolerance Test Procedure

Six Ss were randomly selected from sach of the three groups and
were subjected to a tolerance test., The remaining 31 Ss were given 2z
two-bottle preference test.

Tdiéfénce. The 18 Ss subjected to salt tolerance were individually
caged and were given a 0.25m NaCl solution as the only available water
supply with gi libitum access to feood for 10 days. Body weights and
liquid intakes were recorded every four hours until the first death

occurred,
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Preference, At the end of the 30-day preliminary adaptation
schedule, 31 Ss were individually given 48~hour two-bottle preference
test (positions altered every 24 hours). Double distilled, deionized
water served as the standard solution and eight molarities of NaCl as
the comparison solutions (0.10m, 0,15m, 0.20m, 0,25m, 0,35m, 0,50m,
0,75m, and 1,00m NaCl), Each S received an individually randomized
order of presentation of the NaCl solutions until each was tested with

all eight solutions,



CHAPTER IV
RESULTS

Initial Weights

The mean body weights of the Ss at age 20 days were as follows:
Group I, (57.66; SD = 4,49 gm); Group IT, (57.34; ép;: 7.04 gm); and
Group III, (60,36; SD=6.59 gu). :

The mean body weights at the end of the preliminary schedule and
start of the tolerance and preference tests were as follows: Group I,
(117.9%4; SD = 14,90 gm); Group IT, (106,50; SD = 13,56 gm); and Group
IIT, (106,88; SD = 18,54 gm). The body weighﬁs during the tolerance

test were plotted as mean percentvof initial body weight,
Adaptation

In Figure 2 the intakes of the test solutions (20~hour period) for
the three groups are plotted as mean percent intake/100 gms body weight/
daily 20-hour period for the last eight aaaptation days. Each point
represents a mean for four cages, and each cage contained four or five
subjects, Total intake for each cage was divided by total cage gm body
weight, The data were analyzed by means of a 3 x 8 factqrially arrang-
ed analysis of variance with repeated measures (Table II).

Because the adaptation level (A) x blocks-days (B) interaction was
significant, only the simple offects could be interpreted (Winer, 1962,

pp. 174-178). The simple effects of adaptation level for Day 23 were
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o— —aGroup I (Distilled water)

&——————=eGroup II (0.15m NaCl)

o) oGroup IIT (0.20m NaCl)

Figure 2.

Days

Liguid Intake/100 gms Body Weight for Last Eight Days
of Adaptation.
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TABLE IT

SUMMARY OF ANALYSIS OF VARTANCE

Source daf MSs F
Between subjects | 11
VA (adaptation level) 2 25649,56 13,40 *
Subjects within groups 9 1914,21
Within subjects 8l
B (Blocks of days) 7 578,31 b,81 *
AxB 14 576.38 4,79 *
B x Subjects within .
groups 63 120,21
Total .. . o ... 95

* Significant at the .0l level

significant (F = 22,79, df = 2/9, P.¢ ,05). The simple effects of
of adaptation level were also significant at Day 30 (F = 6.25, gﬁ =
2/9, P< .05). |

Using the Newman-Kuels test (Winter, 1962, pp. 298—314),»individual
comparison of mean percent intake/100 gms body weight/daily 20-~hour
period at Day 23 showed Group III (129.0) to be significantly greater
than Group II (86,7), and Group II significantly greater than Group I
(4045 g = 4,56, df = 1,72, P < .005 and g = 4.99, df = 1,72, P < .005
respectively). Comparisons of mean percent intake/100 gms body weight/
daily 20-hour period on Day 30 indicated that Group ITI (74.:5) was not

significantly different from Group IT (85.4; g = 1.17, df = 1,72);
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however, Group II mean percent intake/100 gms body weight/daily 20-hour
period was still significantly greater than Group I (40.1; g‘;’3.7é,
df = 1,72, P <.005).

The simple effects of Days on Group III were significant (F =
13,14, df = 7/63, P < .0l). As suggested by Figure 2, the simple
effects of Days on Group II and Group I were insignificant (E_: .050,
df = 7/63, and F = 654, df = 7/63).

Tolerance

Weights., In Figure 3 body weight during the first 76 hours of the
tolerance schedule is plotted as mean percent of the group's initial
body weight. The tolerance data were analyzed by a 3 x 7 factorially
érranged analysis of variance with repeated measures (Table III).

The effects of adaptation level (A) and time-blocks (B) were
significant (Table III). Main effects of adaptation level indicated
that Group IIT (97.1) was significantly greater than Group II (89.7;
q=4.58, df = 1,15, P < .005); however, Group II was not significantly
different from Group I (87.2; q = 1,15, d&f = 1,15, P < .10). Analysis
of the main effects of B showed a significant drop in mean weight for
all groups from 4-hours to 76-hours (g = 13.27, df = 7,90, B < .005).

Intakes., Amount of the 0,25m NaCl solution consuméd by the'fhree
groups on the tolerance test is plotted in Figure 4 as the cunmulative
average group mean percent of 0,25m NaCl consumed/100 gnm body weight.
Plotted in this fashion, the amount of solution a group consumed rela-
tive to its body weight at any point in time can be determined. Also
the consumption of a hypertonic saline solution couldbbe expected to

exhibit a cumulative effect on the organism as a function of time,
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TABLE ITI

SUMMARY OF ANALYSIS OF VARTANCE

30

Source df MS . F
Between Subjects 17
A (Adaptation level) 2 1101.92 13,21%
Subjects within groups 15 83.40
Within Subjects 108
B (hours-time blocks) 6 53741 31,57*
AxB 12 29.42 1.73
B x subjects within groups 90 17,02 |
Total 25 .

*Significant at the .01 level
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Figure 4 shows the average total amount of the hypertonic NaCl solu~
tion e#ch group has consumed for each time period, Statistical analysis
of the terminal cumulative intakes revealed that Group I (178) consumed
significantly less of the hypertonic solution than Group II (376) or
Group III (410) (t.= 2.29, df = 10, P € .025, and t = 3,87, ég_: 10,
P <« .005 respectively)., Group II and Group IIT did not significantly
differ in terms of terminal cumulative intake (t = 0.38, af = 10),
although the curves dp not overlap and are in the expected direction
(Winer, 1962, pp. 24-33).

Survival. The number of Ss in sach group surviving each of the

10-24-hour tolerance tests is shown in Table IV,

TABLE IV
DAYS OF SURVIVAL

Days

Group I... 6% 6 6 ly 4 4 b 3. 3. . 3

Group IT . 6 6 6 6 5 4 4 4 b b4

Group IIX 6 6 6 6 6 6. 6. 5. b . b

*Number of subjects still alive (six to a group)



33
Preference

In the two-bottle drinking tests the percentages of preference (or
aversion) were computed by dividing the quantity of the comparison solu-
tion ingested by the total quantity of fluid consumed (comparison +
standard solution), For example, if a subject consumed the same amount
of both solutions, the preference was 50%, Values below 50% suggested
aversion, Results of the two-bottle preference test appear in Figure 5.
Bach point représents the mean of 10 Ss, The data were analyzed by a
3 x 8 factorially arranged analysis of variance with repeated measures
(Table V). One S was randomly removed from the group having 11 Ss in
order to have an equal number of Ss in each group.

Although the F value was insignificant (Table V) for adaptation
level (A), two individual comparison tests appeared appropriate, Of
interest was the effect of prior adaptation to a particular NaCl con-
centration on preference for that same solution when offered a choice
between it and distilled water, Moré specifically, Would‘Group II show
a greater preference for 0,15m NaCl and Group III a greater preference
for 0.20m NaCl than Group I for the same solutions? Individual com-
parisons of mean percent preference indicated that Group T (41.9)
showed greater preference for the 0.15m NaCl solution than did Group I
(34.8) (g = 1.89, df =1,27, P <,05), Moreover, Group III (39.9) re-
vealed a greater mean percent preference for the C,20m NaCl solution
than Growp I (25.4) (g = 3.91, df = 2,27, P < .05).

The main effects of solutions (B) showed the following patterns
of significance for adjacent means;:

0,10m NaCl 0.15m NaCl: g = 2
0.15m NaCl 0.20m NaCl: q = 2,16,



Percent Preference

o 6 Group IIT (0,20m NaCl)

. —e Group IT (0.15m NaCl)

8 Group I (Distilled
Water)
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J&m. .FSm. ;HZOm ;25m {‘S m. .5'0m. .”5m. 1.oom.
Concentration of NaCl in Moles
Figure 5. Mean Percent Preference (Aversion) for NaCl Solu-

tions Determined by 48-hour Two-bottle Prefer-
ence Tests,



TABLE V

SUMMARY OF ANALYSTS OF VARIANCE

35

Source df MS. B
Between subjects 29
A (adaptation) 2 569.90 1.20
Subjects within groups 27 L7647
Within subjects 210
B (solutions) 7 3296.21 36, S4*
AxB 14 88,84 .98
B x subjects within groups 189 90,20
Total 239

*Significant at the .01l level
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0,20m NaCl 0.25m NaCl: g
0.25m NaCl 0.35M NaCl: gq

0ol

4,27, 1,189 df, P< .005
4.5%, 1,189 df. F< .005

No significant differences occurred between adjacent means for solutions

greater than 0,35m NaCl.



CHAPTER V
DISCUSSION
Adaptation

Figure 2 shows that iiquid intake was a positive function of the
salinity of the solutions that the subjects were consuming on Day 23.
Of the studies reviewed, only certain subspecies of Savannah sparrows
(Cade and Bartholomew, 1959) and California quail (Bartholomew and
MacMillen, 1961) failed to show increased liquid consumption for rising
molarities of NéCl solutions substituted for drinking water,

No physiological measures, such as blood pressure or extent of
renal hypertrophy, were taken during the adaptation period, but the
group consuming the hypertonic .20m NaCl solution (Group III) was pre-
sumably under more stress than was ﬁhe group consuming the nearly iso-
tonic 0.15m NaCl solution (Group II). Indirect evidence that some
physiological changes must have occurred in Group III, in contrast to
Group IT and Group I, éame from tracing the liquid ihtake as revealed
by Figure 2 and statistical tests of simple effects of days. Group
ITT, in contrast to Groups I and II, showed significantly decreased
liquid intake across days. In relating these findings to Selye'’s theory
of adaptation, it can be hypothesized that the intake of the distilled
water or the 0,15m NaCl solution was not stressful enough to stimulate
adaptation in the most efficient organs for dealing with the stress

(probably the kidneys in this case), The decline in intake for the

37



38

group consuming the 0,20m NaCl solution (Group III) may be taken as in-
direct evidencé that the intake of the hypeftonic NaCl solution was
stressful enough to stimulate some improvement in the group!s abilitj
to cope with hypertonic NaCl solutions and that possibly some adapta-
tion occurred in such organs as the kidneys, Generalizing from Figure
2, Group I represented the normal amount of liquid intake since they
experienced the least amount of salt stress possible, Group II exhibit-
ed accelerated intake and did not alter its consﬁmption across days.
This probably resulted from little or no adaptation. Group III, like
Group II, increased its liquid intake as an auxiliary mechanism for
dealing with the increased salt load; unlike Group II, however, Group
ITI showed décyeased consumption across days as a result of improved

efficiency in coping with the stress.,
Tolerance

The results of the tolerance test confirmed the above hypothesis
that Group IIT did inecrease in efficiency in dealing with increased
salt loads, although physiological measures were not taken., Presumably,
some critical amount of stress or concentration onNaCl is necessary
before adaptation will occur. Group II (0.15m NaCl solutibn) was not
statistically different from the nonadapted Group I (distilled water),
while Group III (0.20m NaCl solution) was significantly superior to
both Group I and Group II in its ability to utilize the hypertonic
0.25m NaCl solution used in the tolerance test., The results of the
tolerance test fit well with the hypothesis that the subjscts could be
adapted to higher levels of stress by héving prior experience or prior

adaptation to lower levels of stress; hbWever, for adaptation to occur
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the lower levels of stress must be severe or intense enough to lead to
specialization and improvement‘of function in the most efficient mech-
anism for dealing with the stress. The extent of resistance to future,
higher 1eve1s.6f stress is a function of the amount and extent of prior
conditioning that has taken place. It is not possible to glean from
the data the length of time over which this increased superiority in
coping with the stress is functional, but it is apparent that i£ was
capable of extending the survival of Group III (Table IV). As pointed
out by Selye (1956), however, adaptation to high levels of stress tends
to be temporary and eventually it results in exhaustion of the organism,
as if the reserve adaptation energy has been depleted., The liquid in-
take of the 0.25m NaCl solution (Figure 4) during the tolerance test
indicated that Group IIT and Group II conéumed significantly greater
amounts of the hypertonic solution than did Group I.

One hypothesis for predicting preference would be that the prior
experience of Groups II and IIT with saline solutions resulted in less
aversion to the 0.25m NaCl solution, whereas the salt-inexperienced
Group I showed a greater tendency to reject the solution during the
tolerance test., Although the intake of Group II was high and not signi-
ficantly different from that of Group III, the tolerance £est (Figure
3) revealed that apparently only Group III was able to utilize the

hypertonic solution in order to maintain body weight.
Preference

Given the above differences in intake of the tolerance test solu-
tion, group differences in salt preference could be'expected. There

are two opposing sets of results that might be expected from the
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preference test, First, based on a large amount of conjecture and the
studies reviewed that noted a relationship between salt preference (or
aversion) and various states of hypertension, an increased salt aversion
for Group III, relative to Groups I and II, might be expected., How-
ever, no measure of blood pressure was taken and there is no evidence
that any of the groups were hypertensive. The second possiblé predic-
tion would be that since Group III is known to have a. higher level of
salt tolerance, Group III would show decreased salt aversion relative
to Groups I and II. Presumably the salt-tolerant Group III Ss could
consume larger quantities and higher concentrations of NaCl solutions
relative to Group I and Group II, This should‘resﬁlt in less aversion
(greater preference) for NaCl for Group III relative to Groups I and II.
Because physiological measures such as hypertension and urine chloride
were not taken, only indirect evidence of the underlying process is
available. However, it has been shown that physiological adaptatibn,
for example, increased renal efficienecy, can occur without suffering
hypertension (Jeliflek and Musilova, 1965).

The statistically insignificant test of the main effects of adapt-
ation level on preference (Table V) indicated that for the eight solu- |
tions tested, prior adaptation did not consistently alter salt prefer-
ences, Two individual comparisons of means were regarded as appropriate
on a post hoc basis, Although the overall responses to NaCl solutions
did not vary significantly among groups, it was possible that salt pre-
ferences were altered, but only for the particular concentrations the
groups were preadapted to drinking. Individual comparisons of mean
percent preference indicated that this was the situation. The 0.15m

NaCl adapted Group II showed a significantly greater preference for the
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0.15m NaCl preference test solution than did the distilled water
adapted Group I. Likewise, the 0.20m NaCl-adapted Group III showed a
significantly greater preference for the 0.20m NaCl preference test
solution than Group I, It can be concluded that salt preferences were
not greatly affected by the prior adaptation schedule used in this
study. The experience of drinking a specific concentration of NaCl

does appear to make the same NaCl concentration less aversive. Binding“
the kidneys or in some other way specifically inducing a state of hyper-
tension in the bird might possibly reverse the effects and result in
greater salt aversion for the hypertensive bird, Further experimenta-
tion should reveal whether the slightly altered preferences that oc-
curred in this study were related to changes in salt tolerance or were
simply a function of some taste factor determined by prior experience
with the NaCl seclution,

The final point of interest were the significant differences in
preference for different levels of NaCl concentration up to a concentra-
tion of 0.35m NaCl; these differences indicated the Japanese quail were
capable of discriminating between the varicus NaCl solutions less than
0.35m NaCl, Several of the solutions discriminated amohg were below
the concentration the birds can maximally tolerate (approximately 2.00m
NaCl). In this instance, the behavioral taste preference (aversion)
was adaptive, The exact relation between an organism®s salt preference
and the concentration that it can maximally tolerate has not yet‘been

fully determined.



CHAPTER VI

SUMMARY

|

Fifty-five 20-day-old Japanese quail were divided into three
gfoups. For 30 days each group was adapted to drinking distilled water,
0.15m NaCl or 0,20m NaCl, Following the 30 day adaptation period, 18
Ss were given a salt tolerance test that consisted of a 0.,25m NaCl being
the only water present for 10 days. Also, the remaining thirty-one Ss
were given eight 48-hour two-bottle preference tests in which distilled
water was the standard solution and eight molarities of NaCl (0.,10m to
1,00m) served as the comparison solutions.

The results suggested that the biclogical capacity to tolerate a
hypertonic saline solution may be a positive function of the concentra-
tion of NaCl the Ss are adapted to drinking. The preference test re-
sults indicated that the percent preference for the adaptation concen-
trations of NaCl (0.15m and 0,20m) was significantly altered and found
to be less aversive for the two salt-experienced groups of Ss relative
to the single salt-inexperienced group. Increased renal efficiency was
suggested as the mechanism used for increased biological capacity in
the tolerance test; whereas, preference test behavior appeared to be
more closely related to the particular NaCl concentration experienced
during adaptation by the Ss., The results were discussed as being in

accordance with Selye's theory of adaptation to stress.

L2
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