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ABSTRACT 

Male albino rats sustaining septal area, cortical, or no 

lesions were tested in a series of six experiments to determine 

whether regulatory mechanisms concerned with food and water intake 

had been disrupted. During the various experiments the animals 

were either injected with 0.5 M, 1.0 M, or 2.0 M saline, treated 

with 10%, 20%, or 40% polyethylene glycol solution, or subjected to 

various schedules of food or water deprivation. Food and water 

ingestion were measured and in contrast'to the reports of many other 

studies no increase in water intake following septal lesions was 

found during normal ad libitum conditions or when the animals were 

suffering from artificially induced hyperosmolality or hypovolemia. 

Reasons for this failure to obtain septal hyperdipsia were discussed 

but no single factor could be clearly implicated. 

The most significant finding of the study was the observa

tion that 23 hour water deprived rats with septal area lesions who 

were subsequently given free access to water only for 1 hour followed 

by food only for 1 hour, ate significantly less than rats with 

cortical lesions and normal animals subjected to the same conditions, 

even though water intake during the preceding hour was equal for all 

groups. This difference was still obtained when the period of food 

access was as long as 4 hours but it disappeared when the period was 

extended to 24 hours. The results were interpreted to mean that the 
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septum may serve as part of the neural mechanism which regulates 

the daily food-water intake ratio to maintain a given level of lean 

body weight. 



INTRODUCTION 

Extensive evidence has shown that various subcortical 

structures of the central nervous system are important in modulating 

motivated behaviors such as eating and drinking. Hetherington and 

Ranson (1940) first demonstrated that lesions of the ventromedial 

hypothalamic nuclei of rats cause a significant increase in food 

intake and body weight, and Anand and Brobeck (1951) later found that 

lateral hypothalamic ablations produce aphagia and adipsia. Subsequent 

studies have confirmed these results (Teitelbaum and Stellar 1954, 

Teitelbaum and Epstein 1962) and Grossman (1960) has extended them by 

showing that eating follows adrenergic stimulation of the lateral area 

whereas drinking follows cholinergic stimulation of that area. 

The ventromedial nucleus is now generally known as a "satiety 

center" and the lateral area is referred to as a "feeding center." 

However, this nomenclature implies an oversimplified concept of the ' 

neural regulation of food and water intake and it is probably better 

to consider these various hypothalamic nuclei as part of a larger 

neural circuit in which the hypothalamus integrates various neural and 

biochemical signals coming from the sensory processes, the internal 

environment, the cortex, and the thalamus (Stellar 1954) while 

structures of the limbic system, such as the septum and amygdala, 

serve to modulate activity in the hypothalamus (Morgane and Jacobs 1969). 
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The general purpose of the present study was to investigate 

the role of the septum in the regulation of food and water intake. 

Lesions in the septum of the rat forebrain have been shown to produce 

an increase in water intake (Harvey and Hunt 1965, Harvey et al. 1965) 

and several studies have attempted to determine the underlying 

physiological basis for this phenomenon. Lubar, Schaefer, and Wells 

(1969) postulated that the septum modulates the influence which the 

supraoptic and paraventricular nuclei exert over the neurohypophyseal 

secretion of anti-diuretic hormone (ADH). It has been shown that 

electrical stimulation of certain structures of the limbic system, 

such as the medial, lateral, and basal nuclei of the amygdala, the 

hippocampus, the olfactory tubercle, and the diagonal band of Broca 

(Hayward and Smith 1963) as well as the anterior cingulate region 

(Yoshida et al. 1966) causes the release of ADH. Also, Powell and 

Rorie (1967) have found that lesions in the septum are followed by 

neural degeneration in the paraventricular and supraoptic nuclei of 

the hypothalamus. 

Lubar, Schaefer, and Wells' notion was supported when they^ 

found that injections of endogenous ADH, which serves to reduce urine 

volume by increased reabsorption in the kidneys and also serves to 

increase urine osmolality, caused a greater reduction of water intake 

in rats with septal lesions than in normal rats. Thus, the primary 

problem resulting from septal lesions was considered to be polyuria, 

followed by a secondary polydipsia. Shortly afterwards, however, 

Lubar, Boyce, and Schaefer (1968) found that injections of hypertonic 
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saline were handled similarly by both animals with septal lesions and 

control animals, i.e., both concentrated their urine to the same extent 

while excreting the hypertonic load, thus indicating that there was no 

problem with ADH secretion in these animals. Consequently, it was 

concluded that polydipsia might still be the primary condition exist

ing in animals with septal lesions. Later Blass and Hanson (1970) 

found that rats with septal lesions remained hyperdipsic relative to 

normal controls after both groups of animals had been subjected to 

ureteric ligation, thus further indicating that the problem is not 

primarily polyuria. Wishart and Mogenson (1970b) also supported this 

conclusion when they found that animals with septal lesions could 

reduce their urine output as well as control animals when both groups 

were deprived of food. This would not be likely to happen if septal 

lesions reduced the secretion of ADH. 

In the same article in which the ureteric ligation experiment 

was reported, Blass and Hanson (1970) postulated and presented 

evidence to support the notion that the septum serves to inhibit the 

ingestion of water in response to volemic depletion of extracellular 

fluid. It is known that water intake occurs in response to a deple

tion of intracellular fluid, a condition known as osmotic thirst, as 

well as to a reduction of extracellular fluid, called volemic thirst. 

Osmotic thirst can be artificially induced by injections of hypertonic 

saline which increases the osmotic pressure in the extracellular fluid 

and is consequently followed by the movement of intracellular water 

into the extracellular compartment inducing a state of cellular 



dehydration (Corbit 1969). Volemic or hypovolemic thirst can be 

induced by injecting a hyperoncotic colloidal solution such as 

polyethylene glycol to draw water to the site of the injection, thus 

causing a local edema (Strieker 1966), or by bleeding the animal, 

which causes, among other physiological changes, a reduced plasma 

volume (Fitzsimmons 1961). Blass and Hanson used injection techniques 

to artificially induce osmotic or volemic thirst in rats with septal 

lesions and normal rats. They then recorded water intake and reported 

observing a much larger increase in the water intake of animals with 

septal lesions suffering from volemic thirst compared to control 

animals suffering from volemic thirst. There was little difference, 

however, in water intake between animals with septal lesions and 

control animals when both were suffering from osmotic thirst. Thus, 

Blass and Hanson concluded that this indicates that, in terms of water 

intake, animals with septal lesions react more strongly than do normal 

animals in response to volemic thirst and thus the septum must serve as 

an inhibitor of the thirst mechanism related only to extracellular 

fluid reduction. 

Although Blass and Hanson's hypothesis is very plausible, it 

should be noted that the concentration of hypertonic saline solution 

used was extremely high, viz.. 2.0 M (isotonic saline is 0.15 M) and 

consequently it is possible that this made both animals with septal 

lesions and normal animals so thirsty that the septal effect per se 

was overriden. In short, a ceiling effect might have been observed 

with both animals with septal lesions and control animals drinking as 



fast and as much as they could during the test period. If so, then it 

' is still possible that the septum responds to intracellular fluid 

depletion as well as to the reduction of extracellular fluid volume. 

One purpose of the experiments in this paper, then, was to 

investigate this possible ceiling effect by expanding and replicating 

Blass and Hanson's study and by varying downward the concentrations 

of hypertonic saline that were injected. It was also decided to vary 

the concentrations of polyethylene glycol solution in order to 

determine if a ceiling effect could be obtained with volemic thirst, 

and to see if increasing volemic thirst produces greater and greater 

differences in water intake between normal and control animals. 

Donovick and Burright (1968) found that after 48 hours of 

water deprivation the water intake differences between animals with 

septal lesions and normal animals during the first 24 hours of access 

to water were even greater than under ad libitum conditions. If one 

assumes that hypovolemia was becoming progressively more severe during 

the deprivation period then these results appear to support Blass and 

Hanson since the severity of hypovolemia should be reflected by an 

increased water intake in animals with septal lesions if the septum 

serves to inhibit such drinking in response to hypovolemia. It should 

be noted, however, that Tegart (cited by Wishart and Mogenson 1970b) 

failed to find an overresponding to hypovolemia by rats with septal 

lesions, and thus the present experiment was also an attempt to confirm 

Blass and Hanson's results. 
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Another purpose of the present experiments was to further 

investigate the nature of the inhibition that the septum exerts on 

water intake by measuring the latency to drink under the various con

ditions as well as the amount of time spent drinking. If the septum 

is involved in stopping drinking after it has started, as opposed to 

inhibiting the initiation of drinking, then there should be no 

differences between normal and control animals in terms of latency 

to begin drinking, although one would expect animals with septal area 

lesions to manifest a longer drinking time for a given bout of drink

ing. On the other hand, if the septum is primarily involved with 

inhibiting the initiation of drinking, then one would expect animals 

with septal lesions, compared to controls, to have a shorter latency 

to begin drinking with no difference between the two groups in the 

amount of time spent on a given drinking bout. 

Finally, Wishart and Mogenson (1970b) reported that rats with 

septal lesions experiencing 24 hours of food deprivation remain as 

hyperdipsic as they were under ad libitum conditions, compared to 

control animals who decrease their water intake when deprived of food. 

The fact that food and water intake are interrelated in normal rats 

has been known for some time (Adolph 1947). One day of food depriva

tion results in a 40% decrease in water consumption during that period 

and a day of water deprivation causes a 60% reduction in food intake 

(Bolles 1961, Verplanclc and llayes 1953). Similarly, reducing water 

intake by adding quinine to the water (Hsiao and Lloyd 1969) or by 

limiting the amount available (Collier and Knarr 1966) decreases food 



intake proportionately, whereas a limitation on the amount of food 

available causes a proportional reduction in water intake (Hsiao and ^ 

Pertsulakes 1970). Also, Fitzsimmons and LeMagnen (1969) showed that 

70% of a rat's daily ad libitum water intake occurs with its meals. 

Wishart and Mogenson thus speculated that the septum is somehow 

involved in the coupling of food and water intake and lesions of the 

septum break the connection allowing such animals to remain hyperdipsic 

even under conditions of food deprivation. Although Wishart and 

Mogenson did find some reduction of septal hyperdipsia after 48 and 

72 hours of food deprivation, their "coupling hypothesis" seems worthy 

of investigation and so it was.decided to determine whether there 

would be differences in food intake between animals with septal 

lesions and control animals when both were suffering from thirst. 

A higher food intake by animals with septal lesions over controls 

would be in support of the "coupling hypothesis." 

The purposes of this experiment, then, are as follows: 

1) to determine if the septum is involved in the inhibition of water 

intake in response to volemic depletion of extracellular fluid in 

the way that Blass and Hanson maintain; 2) to determine whether the 

septum also plays an inhibitory role in response to osmotic thirst; 

3) to further investigate the nature of this inhibitory component; 

and 4) to determine whether the septum is involved in the coupling of 

food and water intake. 



METHOD 

Subjects and Apparatus 

The subjects were 48 male Sprague-Dawley albino rats (Harlan 

Industries) weighing between 293 and 448 gm at the start of the 

experiment. They were housed in individual wire-mesh cages in a room 

with constant illumination, temperature varying from 72°F to 77°F, and 

humidity ranging from 42 to 56%. Water intake was measured to the 

nearest ml using 100 ml graduated glass tubes with metal tips which 

were attached to the side of each cage. Food intake was measured to 

the nearest 0.01 gm. This was made possible by feeding the rats from 

250 ml glass beakers which were attached to one corner of the cage and 

contained powdered Purina lab chow. Food spillage was minimal since 

most animals ate with their heads in the beakers. However, three rats 

scooped up the chow with their paws and ate outside the beaker and thus 

consistently spilled food through the cage floor. This necessitated 

placing paper towels under the cages of those rats and determining 

the amount of spillage so that the real amount of food ingested for 

those animals could be calculated. 

It should be noted that following surgery the animals suffering 

from septal lesions gained weight at a slower rate than the other 

animals and were not comparable to them on the basis of average body 

weight in any of the subsequent experiments. Consequently, all water 

and food intake measures for each animal were converted into amount of 
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intake per kilogram (kg) of body weight and all statistical analyses 

were based on the converted data. 

Surgery 

The day before surgery the animals were divided into three 

groups such that the average body weight of each group was about equal 

to 370 gm. One group (n = 24) received septal (S) lesions, another 

group (n = 12) received cortical (C) lesions, and the last group 

(n = 12) served as non-lesion (N) controls. The surgery was carried 

out over a two week period. Each animal was deprived of food and 

water for 24 hours prior to surgery and then given an intraperitoneal 

(ip) injection of atropine sulfate (0.044 mg/kg) to decrease bronchial 

secretions. This was followed first by an injection of sodium 

pentobarbital (35 mg/kg) to induce anesthesia, and then by a supple

mentary injection of chloral hydrate (160 mg/kg). Animals in group S 

received bilateral lesions of the septum produced electrolytically by 

the passage of 1.0 ma dc for 30 seconds through a stainless steel 

electrode which was completely insulated with epoxylite except for 

about 0.5 mm of the tip. The stereotaxic coordinates used for 

positioning the electrode were 0.6 mm lateral, 1.0 mm anterior, and 

6.0 mm ventral to bregma. Group C animals were treated identically 

except that the stereotaxic coordinate for the ventral position of the 

electrode was 3.0 mm. Group N animals were also treated the same 

except that surgery was performed only up to and including the 

drilling of holes in the cranium. The electrode was not lowered. 

After surgery all animals were given an ip injection of pentylenetetrazol 
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(70 mg/kg) and an injection of 30^000 units of penicillin into the 

thigh muscle. 

Six animals died within a week after surgery and were 

replaced with rats from the same shipment and approximately of the 

same weigjit. All animals were allowed a minimum of 12 days recovery 

from surgery with free access to food and water. Most animals with 

septal lesions showed the typical septal syndrome of hyperirritability 

after surgery, although this had disappeared in all but five of them 

by the last experimental session. 

Histology 

Upon the completion of the experimental sessions the subjects 

were perfused intracardially with isotonic saline and a 10% formalin 

solution, and the brain was immediately removed and fixed in 10% 

formalin solution. Frozen sections were obtained at 40p through the 

lesions. Every eighth section was saved, mounted, dried overnight in 

an oven at 50°C, and stained with cresyl violet. 

Histological examination [using Konig and Klippel's atlas 

(1963) as a reference] revealed that the lesions of group S animal's, 

with but two exceptions, involved destruction of the lateral and 

medial septum extending posteriorly from the level of the anterior 

commissure anteriorly to the level at which the genual areas of the 

two corporis callosi first fuse together. In several extreme cases the 

lesions extended anteriorly to the level at which the genu corporis 

callosi first appear, while the most posterior lesions extended back to 

the level of the anterior portion of the fimbria hippocampi. Thus, in 



most cases, destruction included all the nuclei which have been 

traditionally considered as part of the septum, viz., the lateral and 

medial nuclei, the nucleus of the diagonal band of Broca, the septo-

fimbrial nucleus, the triangular nucleus, and the bed nucleus of the 

stria terminalis (Raisman 1966). Laterally all of the lesions 

extended to the lateral ventricles, and in four cases included the 

medial edge of the caudate nucleus. Dorsally, about 50% of the animals 

suffered damage to the genu corporis callosi while ventral destruction 

reached the level of the anterior commissure in all but five animals 

in which damage extended almost to the optic chiasma. Figure 1 shows 

drawings of the largest and smallest septal lesions as seen in the 

coronal plane, and a representative septal lesion is shown in the 

sagittal plane. 

Examination of the lesions of group C revealed that the extent 

of cortical destruction in the anterior-posterior plane corresponded 

to the extent of septal destruction of group S, i.e., the most anterior 

damage was located at the level at which the genu corporis callosi 

first appear and the most posterior destruction occurred at the level 

of the most anterior portion of the fimbria hippocampi. Laterally, 

the largest lesions extended to the level of the outer edge of the 

lateral ventricles and in a few cases impinged somewhat on the 

dorsomedial portion of the caudate nuclei, while ventrally, unfortu

nately, about 50% of the ablations extended partially into the septum. 

Figure 2 shows diagrams which indicate the size of the largest and 

smallest cortical lesions as viewed from the frontal plane, as well as 

a representative cortical lesion in the sagittal plane. 
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(A) 

(B) 
CC 

LV 

AC 

(C) 

cc 

Drawings of the smallest (A) and largest (B) septal lesions 
in the coronal plane and a representative septal lesion (C) 
in the sagittal plane. 

Abbreviations: AC, anterior commissure; CC, corpus callosum 
LV, lateral ventricle; S, septal region. 
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Figure 2. Drawings of the smallest (A) and largest (B) cortical 
lesions in the coronal plane and a representative cortical 
lesion (C) in the sagittal plane. 

Abbreviations: AC, anterior commissure; CC, corpus 
callosum; LV, lateral ventricle; S, septal region. 
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It will be noted that the cortical lesions involved destruc

tion of a portion of the anterior cingulate gyrus. Using such a lesion 

as a control may seem questionable since Lubar and Wolfe (1964) 

reported a 22% mean increase in water intake following anterior 

cingulate lesions. However, Wolfe, Lubar, and Ison (1967) in a some

what more extensive study reported that such lesions did not result 

in any change in ad libitum water intake compared to control animals. 

The latter study included more animals with cingulate lesions than did 

the former study (10 rats compared to 7) and also the animals were fed 

the same type of food in the latter study as the animals used in the 

present experiments (dry Purina lab Chow). Lubar and Wolfe, on the 

other hand, fed their animals a wet mash, although it is admittedly 

difficult to explain why a wet mash diet would produce an increase in 

drinking while a dry diet would not. Also, the subjects in both the 

present experiments and Wolfe, Lubar, and Ison's experiment were all 

males of about the same body weight, while the sex of the animals in 

Lubar and Wolfe's study was not reported. In short, the conditions in 

the present experiment were more apparently comparable to those of 

Wolfe, Lubar, and Ison than to thse of Lubar and Wolfe and therefore 

using animals with lesions cingulate as cortical control animals seems 

justified. Moreover, the lesions in the present experiment destroyed 

only about one-third of the area that the lesions of the earlier two 

experiments did and consequently there would probably not be as much 

interference with any regulatory functions the cingulate area might 

mediate as there might be with the larger lesions. 



EXPERIMENT I 

One purpose of this experiment was to determine if animals 

with septal lesions would respond to osmotic thirst to a greater 

extent than would control animals when concentrations of hypertonic 

saline were employed that were smaller than that used by Blass and 

Hanson (1970). If the reason that Blass and Hanson found no differ

ences between rats with septal lesions and control rats in terms of 

water intake was merely because they were using a highly concentrated 

saline solution which was producing a ceiling effect, then the lower 

concentrations of saline used in this experiment should show a water 

intake difference between animals with septal lesions and control 

animals. 

Another purpose of this experiment was to try to determine 

whether the inhibitory effect of the septum involved the initiation 

of drinking, as would be indicated by a shorter latency of septal rats 

to begin drinking, or whether it was more concerned with the cessation 

of drinking once it had begun, as would be indicated by an increase 

by animals with septal lesions in the amount of time spent drinking 

and by an increase in the amount drunk during the first bout of water 

intake. 

Procedure 

This experiment employed a randomized groups design wherein one 

independent variable was the type of lesion (septal, cortical, or no 

lesion) and the other independent variable was the concentration 

15 



of 2 ml of hypertonic saline solution (0.5 M, 1.0 M, or 2.0 M) that 

' was injected. Animals suffering from each type of surgery were 

randomly assigned to each of the injection conditions. All rats were 

given 6 days experience with a 23 hour water deprivation schedule and 

on the sixth day were given free access to food and water. On the 

seventh day the experiment was begun with half of the animals (the 

second half were begun on day 8). At 8:30 A.M. the subjects were 

weighed and food was removed and then at 9:00 A.M. the first injection 

was given. All injections were given ip and for each rat the follow

ing data were collected: 1) the latency to begin the first bout of 

drinking after the injection (if the duration of licking the spout was 

less than 3 seconds this was not considered an initiation of a "bout") 

2) the amount of time spent drinking during the first bout (where the 

end of a "bout" was defined by a 10 second period of non-drinking); 

3) the amount drunk during the first bout; and 4) the amount drunk 

during the 6 hours immediately following injections. It should be 

noted that two assistants were employed in collecting the first three 

types of data. 

The saline solutions were made up the day before the experi

ment so that they would be at room temperature when injected, and the 

injections were given via a 22 gauge 1 1/2 inch disposable needle. 

Injection of the stronger concentrations of saline appeared rather 

painful in that the 2.0 M concentration produced jumping and squealing 

in the rat. However, these emotional behaviors had ceased within 

2 minutes after injection. 



17 

Since the number of subjects in each treatment group was 

unequal (due not only to the fact that the n of group S was 24 com

pared to an n of 12 for groups C and N, but also due to the fact that 

one non-lesion control rat injected with 0.5 M saline refused to 

drink and was therefore dropped from Experiment I) the results were 

analyzed by means of an analysis of variance using treatment means as 

single observations (Edwards 1968, p. 264) and differences between 

individual means were tested vising Kramer's (1956) extension of 

Duncan's New Multiple Range Test to unequal sample sizes. 

Results 

The mean latency to drink for each group is shown in Table 1. 

The mean latencies to drink for animals with septal lesions, cortical 

lesions, and non-lesioned animals across all concentrations of saline 

injections are 12 minutes 33.9 seconds, 14 minutes 18.3 seconds, and 

15 minutes 46.9 seconds, respectively, and it can be seen from the 

analysis of variance summary table (Table 2) that these means are not 

significantly different from each other. Table 1 further shows that, 

after injections of 0.5 M, 1.0 M, and 2.0 M saline solutions the 

latency is shortest for the 1.0 M group and longest for the 0.5 M 

group, the averages across all types of lesions being 18 minutes 

13.8 seconds, 9 minutes 49.7 seconds, and 14 minutes 35.6 seconds, 

respectively. An analysis of variance (Table 2) indicates that there 

is a significant difference among these means (p<.05) and Duncan's New 

Multiple Range Test shows specifically that each mean differs 
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Table 1. Mean latencies (min:sec) to drink water for septal (S), 
cortical (C), and non-lesion (N) rats following injections 
of either 0.5 M, 1.0 M, or 2.0 M NaCl solution. 

s 
Type 
of C 

Lesion 
N 

Concentration of NaCl Injected 

Row Means 

s 
Type 
of C 

Lesion 
N 

0.5 M 1.0 M 2.0 M Row Means 

s 
Type 
of C 

Lesion 
N 

15: 1.9 

17: 8.5 

22:31.0 

10: 7.4 

11:16.3 

8: 5.5 

12:32.5 

14:30.0 

16:44.3 

12:33.9 

14:18.3 

15:46.9 

Column 
Means 

18:13.8 9:49.7 14:35.6 Grand=14:13.0 

Table 2. Analysis of variance summary table for latency to drink 
(sec) following NaCl injections. 

Source of Degrees of Mean F 
Variance Freedom Square Ratio P 

Lesion (A) 2 27997.12 0.49 -

Injection (B) 2 191719.59 3.37 <.05. 

A x B 4 25412.97 0.45 -

error 38 56913.91 

Total 46 



significantly from the other (p<.05). The interaction between the 

type of lesion and the concentration of saline injected is not signifi

cant. 

Table 3 shows the average durations of the first drinking bout 

for all groups of animals. The means for groups S, C, and N across 

all concentrations of saline injections are 4 minutes 47.9 seconds, 

3 minutes 16.0 seconds, and 4 minutes 54.3 seconds, respectively, with 

an analysis of variance (Table 4) showing no significant differences 

between these means. Also, the mean times (Table 3) following injec

tions of either 0.5 M, 1.0 M, or 2.0 M saline solution across all 

types of lesions are 2 minutes 38.6 seconds, 4 minutes 46.3 seconds, 

and 5 minutes 33.3 seconds, respectively, and an analysis of variance 

(Table 4) shows that these means do not significantly differ from each 

other either. The interaction between the type of lesion and the 

concentration of saline injected is not significant. 

The mean amount of water drunk during the first bout of 

drinking is indicated in Table 5. It can be seen that across all 

concentrations of saline injections the overall intake averages are 

11.0 ml, 8.8 ml, and 11.2 ml for groups S, C, and N, respectively, and 

the intake averages across all types of lesions following injections 

of 0.5 M, 1.0 M, and 2.0 M saline are 6.9 ml, 11.4 ml, and 12.8 ml, 

respectively.- However, differences among the means for either the 

lesion group or the injection group did not reach significance, nor 

was the interaction significant (Table 6). 



20 

Table 3. Mean durations (minrsec) of the first drinking bout for 
groups S, C, and N following injections of either 0.5 M, 
1.0 M, or 2.0 M NaCl solution. 

Concentration of NaCl Injected 

0.5 M 1.0 M 2.0 M Row Means 

s 
Type 
of C 

Lesion 
N 

2:18.8 

1:58.8 

3:38.3 

6:13.9 

4:16.3 

3:48.8 

5:51.0 

3:33.0 

7:15.8 

4:47.9 

3:16.0 

4:54.3 

Column 
Means 

2:38.6 4:46.3 5:33.3 Grand=4:19.4 

Table 4. Analysis of variance summary table for times (sec) of the 
first drinking bout. 

Source of 
Variance 

Degrees of 
Freedom 

Mean 
Square 

F 
Ratio P 

Lesion (A) ' 2 9070.29 1.10 -

Injection (B) 2 24503.55 2.97 -

A x B 4 6143.95 0.74 -

error 38 8263.55 

Total 46 
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Table 5. Mean water intake (ml/kg body weight) during the first 
drinking bout for groups S, C, and N following injections 
of either 0.5 M, 1.0 M, or 2.0 M NaCl solution. 

Concentration of NaCl Injected 

0.5 M 1.0 M 2.0 M Row Means 

s 7.8 12.2 13.1 11.0 
Type 
of C 8.2 11.8 6.4 8.8 

Lesion 
N 4.8 10.1 18.8 11.2 

Column 
6.9 11.4 12.8 Grand=10.4 

Means 

Table 6. Analysis of variance summary table for water intake during 
the first drinking bout following NaCl injections. 

Source of 
Variance 

Degrees of 
Freedom 

Mean 
Square 

F 
Ratio P 

Lesion (A) 2 5.64 0.50 -

Injection (B) 2 28.03 2.47 -

A x B 4 18.95 1.67 -

error 38 11.37 

Total 46 
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Finally, Figure 3 shows the mean amount of water intake during 

' the 6 hour period following the saline injections. In general it can 

be seen that as the concentration of saline solution that is injected 

is increased there is a corresponding increase in the amount of water 

ingested and there is actually very little difference between the 

groups in terms of their ..adherence to this trend. The intake averages 

(Table 7) across all concentrations of saline for groups S, C, and N 

are 23-9 ml, 19.9 ml, and 26.2 ml, respectively, with no significant 

differences among the means (Table 8). The intake averages across all 

types of lesions following 0.5 M, 1.0 M, and 2.0 M saline injections, 

however, are 13.3 ml, 22.7 ml,and 34.0 ml, respectively, and an 

analysis of variance (Table 8) shows a significant difference among 

these means (p<.01) with Duncan's New Multiple Range Test indicating 

that each mean differs significantly from the other (p<.01). The 

interaction is not significant. 

Discussion 

A result of primary importance in this experiment was the fact 

that the animals with septal lesions did not significantly differ from 

either the cortical or non-lesion animals on any of the four measures 

used. This, plus the fact that the interaction term was not signifi

cant indicates that Blass and Hanson obtained similar levels of 

drinking in animals with septal lesions and control animals for a 

reason other than because they used a highly concentrated saline 

solution, and their conclusion that the septum does not regulate water 

intake on the basis of osmotic changes in the body fluids is supported. 
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Figure 3. Mean 6 hour water intake for septal, cortical, and non-
lesion control animals plotted as a function of increasing 
concentrations of saline injections. 
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' Table 7. Mean water intake (ml/kg body weight) for groups S, C, and 
N during the 6 hours immediately following injections of 
either 0.5 M, 1.0 M, or 2.0 M NaCl solution. 

s 
Type 
of C 

Lesion 
N 

Concentra ition of NaCl Injected 

Row Means 

s 
Type 
of C 

Lesion 
N 

0.5 M 1.0 M 2.0 M Row Means 

s 
Type 
of C 

Lesion 
N 

15.0 

12.1 

12.9 

20.5 

22.7 

25.0 

36.2 

24.9 

40.8 

23.9 

19.9 

26.2 

Column 
Means 

13.3 22.7 34.0 Grand=23.3 

Table 8. Analysis of variance summary table for water intake during 
the 6 hours immediately following injections of either 
0.5 M, 1.0 M, or 2.0 M NaCl solution. 

Source of Degrees of Mean F 
Variance Freedom Square Ratio P 

Lesion (A) 2 30.85 2.71 -

Injection (B) 2 320.50 28.16 <.01 

A x B 4 22.17 1.95 -

error 38 

Total 46 
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Another important result of this experiment concerns the 

significant differences in latency to drink following injections of 

various concentrations of saline solution (Table 1). It is rather 

interesting that the mean latency to drink was lowest following the 

injection of 1.0 M saline. On the basis of previous research one might 

expect the 2.0 M saline injection to produce the shortest latency and 

the 0.5 M saline injection to produce the longest latency since 

several studies have shown that the more highly the concentration of 

saline solution injected the greater the amount of cellular dehydra

tion and the greater the subsequent water intake and thirst (Corbit 

1969, Kutscher 1966, O'Kelly 1954, O'Kelly and Beck 1960). In the 

present study, however, it was observed that following the injection 

of 2.0 M saline the rats experienced a great deal of pain as mani

fested by jumping, squealing, and licking the site of the injection. 

Although these emotional behaviors had ceased within 2 minutes after 

the injection it appears that there was some persistence of this pain 

and attending to it may have served as a competing response to the 

drinking of water. These pain responses were also observed in some 

of the rats which received 1.0 M saline injections although they were 

much subdued compared to the responses which were seen following the 

2.0 M saline injections. It is suggested, therefore, that attention to 

pain was the primary factor responsible for the longer latencies 

exhibited by animals injected with 2.0 M saline compared to animals 

subjected to injections of 1.0 M saline. 



EXPERIMENT II 

The primary purpose of this experiment was to attempt to 

confirm Blass and Hanson's finding that animals with septal lesions 

over-respond to hypovolemic thirst. This result is somewhat contro

versial since Tegart (cited by Wishart and Mogenson 1970b) has failed 

to replicate Blass and Hanson's results. Donovick and Burrigjit (1968), 

on the other hand, have shown that the difference in 24 hour water 

intake between animals with septal lesions and control animals was 

much greater after 2 days of water deprivation than during ad libitum 

conditions, and this indirectly supports Blass and Hanson's results 

because such a result would be expected if the septum serves to 

inhibit drinking responses to volemic thirst as Blass and Hanson 

maintain it does. A hypovolemic state would certainly be much more 

severe after 2 days of water deprivation than under ad libitum condi

tions where departures from normovolemia are small. 

As in Experiment I, a secondary purpose of this experiment was 

to determine whether the septum is concerned with the initiation of 

drinking or its cessation once a drinking bout has begun. 

Procedure 

A randomized groups design was used in which one independent 

variable was the type of lesion (S, C, N) and the other independent 

variable was the concentration of 2 ml of polyethylene glycol (PG) 



27 

solution (10%, 20%, 40%) that was injected. The animals used in 

Experiment I also served as subjects in this experiment and were 

randomly assigned to each injection condition. Following Experiment I 

the animals were given 2 days of free access to food and water and 

were then put back on the 23 hour water deprivation schedule for 

4 days. On day 7 following Experiment I half of the animals were 

given food and water ad libitum and on day 8 the experiment was begun 

(the other half of the subjects were subjected to identical treatments 

a day later). The subjects were weighed around 8:30 A.M., food was 

removed, and the water bottles were filled with water at room 

temperature. The injections, all of which were given ip, were begun 

at 9:00 A.M. and for each rat the categories of data collected were 

the same as in Experiment I; viz., 1) the latency to begin drinking 

following the injection (an animal was required to drink for at least 

10 seconds before a drinking bout was considered to have begun), 

2) the duration of the first bout (where the end of a bout was defined 

as a 10 second period of non-drinking), 3) the amount consumed during 

the first bout, and 4) the amount drunk during the 6 hour period 

immediately following the injection. It should be noted that the 

criterion for the beginning of a drinking bout was a 10 second period 

of sustained drinking instead of a 3 second period as was used in 

Experiment I. The reason for this difference was due to the fact 

that in this experiment the subjects were lightly anesthetized with 

ether just before the PG injections because the 40% PG was so viscous 

that it took as long as 20 seconds to inject it. Since ether usually 
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makes an organism thirsty it was believed that some of the rats would 

lick the water spout several times just because of the effects of the 

ether, and consequently the 10 second criterion was used. 

The PG solutions were mixed the day before the experiment and 

the injections were given ip via an 18 gauge 1 1/2 inch disposable 

needle. Although PG is usually injected subcutaneously in the neclc, 

previous experience in this laboratory showed that there is often a 

loss of the skin at the site of injection when strong concentrations 

of PG solution are used. Pilot work prior to this dissertation 

indicated that this does not occur with ip injections and since the 

present series of experiments required repeated use of the same 

subjects the ip route was chosen. 

One animal with the septal lesion who had received a 10% PG 

injection refused to drink during the experiment and consequently was 

dropped from this experiment. This left 23 subjects in group S, and 

12 each in groups C and N. The analysis of the data was similar to 

that in Experiment I, viz., an analysis of variance using treatment 

means as single observations (Edwards 1968) and tests of differences 

between individual means using Kramer's (1956) extension of Duncan's 

New Multiple Range Test to unequal sample sizes. 

Results 

Table 9 shows the mean latency to drink for each group. The 

latency to drink averages for groups S, C, and N across all concentra

tions of PG injections are 132 minutes 51.0 seconds, 100 minutes 

36.7 seconds, and 187 minutes 31.5 seconds, respectively. The 
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Table 9. Mean latencies (min:sec) to drink water among groups S, C, 
and N following injections of either 10%, 20%, or 40% PG 
solution. 

Type S 

, c 
Lesion 

N 

Concentration of PG Injected 

Row Means 

Type S 

, c 
Lesion 

N 

10% 20% 40% Row Means 

Type S 

, c 
Lesion 

N 

103:27.9 

112:53.8 

193:30.0 

173:12.5 

119:16.3 

202:19.5 

121:52.5 

69:40.0 

166:45.0 

132:51.0 

100:36.7 

187:31.5 

Column 
Means 

136:37.2 164:56.1 119:25.8 Grand=140: 

Table 10. Analysis of variance summary table for latency to drink 
(sec) following PG injections. 

Source of Degrees of Mean F 
Variance Freedom Square Ratio P 

Lesion (A) 2 20848969.01 6.20 <.01 

Injection (B) 2 5702091.19 1.69 -

A x B 4 1429140.76 0.42 -

error 38 3359208.0 

Total 46 



analysis of variance summary table (Table 10) shows that there is a 

significant difference among these means and Duncan's New Multiple 

Range Test shows specifically that each mean differs significantly 

from the other (pc.Ol) indicating a lesion effect. Table 9 further 

shows that following injections of 10%, 20%, and 40% PG solutions the 

latency averages across all types of lesions are 136 minutes 

37.2 seconds, 164 minutes 56.1 seconds, and 119 minutes 25.8 seconds, 

and an analysis of variance (Table 10) indicates that there are no 

significant differences among these means. Also, the interaction 

between the type of lesion and the concentration of PG solution 

injected is not significant. 

The average durations of the first drinking bout are shown 

in Table 11. The mean durations for groups S, C, and N across all 

concentrations of PG injections are 1 minute 13.6 seconds, 1 minute 

1.3 seconds, and 1 minute 15.6 seconds, respectively, and the analysis 

of variance summary table (Table 12) indicates that there are no 

significant differences among these means. The mean durations 

(Table 11) following 10%, 20%, and 40% PG injections across all types 

of lesions are 1 minute 24.6 seconds, 1 minute 4.2 seconds, and 

1 minute 1.7 seconds, respectively. Again, the analysis of variance 

summary table (Table 12) indicates that these means do not differ 

from each other significantly, nor is the interaction significant. 

Table 13 shows the mean amount of water drunk during the first 

bout of drinking. It can be seen that while the intake averages for 

groups S and C, across all concentrations of injection, are 3.1 ml 
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' Table 11. Mean durations (rain:sec) of the first drinking bout for 
groups S, C, and N following injections of either 10%, 
20%, or 40% PG solution. 

Concentration of PG Injected 

10% 20% 40% Row Means 

s 
Type 
of C 

Lesion 
N 

1:50.0 

0:51.3 

1:32.5 

1:01.9 

0:51.3 

1:19.3 

0:48.8 

1:21.3 

0:55.0 

1:13.6 

1:01.3 

1:15.6 

Column 
Means 

1:24.6 1:04.2 1:01.7 Grand=l:10.2 

Table 12. Analysis of variance summary table for durations (sec) of 
the first drinking bout. 

Source of 
Variance 

Degrees of 
Freedom 

Mean 
Square 

F 
Ratio P 

Lesion (A) 2 180.37 0.24 -

Injection (B) 2 474.85 0.64 -

A x B 4 613.36 0.81 -

error 38 

Total 46 



32 

Table 13. Mean, water intake (ml/kg body weight) during the first 
drinking bout for groups S, C, and N following injections 
of either 10%, 20%, or 40% PG solution. 

Concentration of PG Injected 

10% 20% 40% Row Means 

s 3.1 4.0 2.1 3.1 
Type 
of C 2.7 3.6 3.4 3.2 

Lesion 
N 8.0 4.5 3.3 5.3 

Column 
4.6 4.0 2.9 Grand=3.9 

Means 
Grand=3.9 

Table 14. Analysis of variance summary table for water intake during 
the first drinking bout following PG injections. 

Source of Degrees of Mean F -

Variance Freedom Square Ratio P 

Lesion (A) 2 4.48 3.42 < -0 5 „  

Injection (B) 2 2.23 1.70 -

A x B 4 2.44 1.86 -

error 38 1.31 

Total 46 



and 3.2 ml, respectively, the mean intake for group N is 5.3 ml. An 

analysis of variance (Table 14) and Duncan's New Multiple Range Test 

indicate that the group N intake is significantly higher (p<.05) than 

the intakes of either group S or C, with no significant difference 

between the latter. Table 13 also shows that the intake averages 

across all types of lesions following injections of 10%, 20%, and 

40% PG solution are 4.6 ml, 4.0 ml, and 2.9 ml, respectively, but 

with no significant difference between the means (Table 14). The 

interaction between the type of lesion and the concentration of PG 

injected is not significant. 

Finally, the amount of water drunk during 6 hours after 

injection is indicated in Figure 4. The most general trend seems to 

be that as the concentration of PG increases there is a reduction in 

subsequent 6 hour water intake. From Table 15 it can be seen that the 

intake averages across all types of lesions following injections of 10%, 

20%, and 40% PG solutions are 22.6 ml, 18.8 ml, and 15.9 ml, but an 

analysis of variance (Table 16) indicates that there are no significant 

differences among these means. Similarly, the intake averages for 

groups S, C, and N across all types of injection are 20.7 ml, 17.9 ml, 

and 18.7 ml, respectively, but again an analysis of variance (Table 16) 

indicates that there are no significant differences among these means. 

Also, the interaction effect is not significant. 

It would seem that differences as large as those that occur 

between the means of each type of injection condition in this experiment 

would be statistically significant. However, an inspection of the raw 
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Figure 4. Mean 6 hour water intake for septal, cortical, and non-
lesion control animals plotted as a function of increasing 
concentrations of PG injections. 
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Table 15. Mean water intake (ml/kg body weight) for groups S, C, and 
N during the 6 hours immediately following injections of 
either 10%, 20%, or 40% PG solution. 

Concentration of PG Injected 

10% 20% 40% Row Means 

s 22.2 22.4 17.6 20.7 
Type 
of C 20.8 16.3 16.5 17.9 

Lesion 
N 24.7 17.6 13.7 18.7 

Column 
22.6 18.8 15.9 Grand=19.1 

Means 
18.8 Grand=19.1 

Table 16. Analysis of variance summary table for water intake during 
the 6 hours immediately following PG injections. 

Source of 
Variance 

Degrees of 
Freedom 

Mean 
Square 

F 
Ratio P 

Lesion (A) 2 6.62 0.25 -

Injection (B) 2 33.18 1.26 -

A x B 4 5.85 0.22 -

error 38 26.43 

Total 46 



data revealed that the variability within each group of subjects was 

extremely large and this resulted in a very large error term which 

precluded obtaining significance at standard levels of acceptability. 

Discussion 

The most important result of this experiment was the finding 

that septal animals did not drink any more or less than cortical or 

non-lesioned animals for 6 hours after the induction of hypovolemia. 

This is in narked contrast to the study by Blass and Hanson which 

showed a much greater increase in drinking by animals with septal 

lesions compared to normal animals in response to hypovolemia. 

The question might be raised as to whether the PG injections 

actually induced thirst at all or whether the drinking behavior that 

occurred was a function of some factor other than the injection, such 

as normal drinking habits. However, a comparison of Tables 7 and 15 

reveals that the mean water intake following injections of either 10%, 

20%, or 40% PG is greater than the intake following an injection of 

0.5 M saline. Thus, the drinking behavior of the animals can be 

considered to have been at least partially a function of the PG 

injections. 

Another interesting point concerns the water intake following 

the injections of varying concentrations of PG solution. As can be 

seen in Figure 4, there is a trend (although not significant) for the 

stronger concentrations of injected PG solution to result in smaller 

amounts of 6 hour water ingestion. This is just the opposite of what 

has been found in other studies when the PG solutions were injected 



subcutaneously (Strieker 1968, Strieker and Wolf 1967) instead of via 

the ip route as was done in this experiment. These results suggest 

that the manner and rates at which PG acts to produce hypovolemia may 

differ depending upon what injection technique is used with what 

particular concentration of solution. Blass and Hanson used the ip 

route with a highly concentrated PG solution (40%) which in the present 

experiment produced the lowest water intake. It would be interesting 

to see what results would be obtained if subcutaneous instead of ip 

injections were given to animals with septal lesions using a variety 

of PG concentrations. 

Another interesting result is the fact that the animals with 

cortical lesions had the shortest latency to drink (Table 9) whereas 

the non-lesioned animals had the longest latency. It is difficult to 

see why these latencies should differ as they do, although given the 

fact that they do differ it is understandable why the non-lesioned 

animals drank significantly more during the first bout of drinking 

than either the groups with septal or cortical lesions (Table 13). 

That is, the threshold for drinking was apparently much higher for 

group N than for groups S and C, which caused a greater fluid deficit 

to build up before the initiation of drinking, but once drinking was 

begun one would expect the group with the larger deficit to drink more 

during the first drinking bout, which is exactly what group N did. 



EXPERIMENT III 

The primary purpose of this experiment was to investigate the 

possibility that the septum is concerned with the coupling of food and 

water intake. Wishart and Mogenson (1970b) found that the water intake 

of animals with septal lesions remains as high under 24 hours of food 

deprivation as under ad libitum conditions. This is rather unexpected 

since it is well known that food and water intake are closely inter

related with a decrease in food intake soon followed by a decrease in 

water intake (Adolph 1947, Bolles 1961, Verplanck and Hayes 1953). 

Coury (1967), however, has shown that carbachol injections into the 

septum produce drinking while noradrenalin injections produce eating, 

and this suggests that one of the mechanisms involved with the coupling 

of food and water intake is located in the septum. This experiment 

investigated this possibility by inducing thirst with saline injections 

and then studying subsequent food intake in animals with septal lesions, 

animals with cortical lesions, and normal animals. 

Procedure 

Following the completion of Experiment II the subjects were 

given four days of recovery with free access to food and water. The 

animals were then randomly assigned to each of nine conditions in a 

3x3 matrix in which one independent variable was the concentration of 

saline solution (0.5 M, 1.0 M, and 2.0 M) used to induce thirst and the 

other independent variable was the type of lesion (S, C, N) from which 
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the rat suffered. On the fifth day following the previous experiment 

' all of the subjects were deprived of food at 9:00 A.M. and were given 

free access to water. At 8:30 A.M. on day 6 the rats were weighed and 

water was removed, and at 9:00 A.M. the subjects were given the saline 

injections (ip) and food was replaced. The amount of food consumed 

was recorded cumulatively 1, 2, 3, 4, 5, and 6 hours after the injec

tions were given. This resulted in a mixed design with two between 

subjects variables (type of lesion and concentration of injection) 

repeated over one within subjects variable (time). 

As in Experiment I, the injections were given via a 22 gauge 

11/2 inch disposable needle with saline at room temperature. The 

results were analyzed with an unweighted means analysis of variance 

(Winer 1962) and Kramer's (1956) extension of Duncan's New Multiple 

Range Test to unequal sample sizes. 

Results 

Table 17 shows the cumulative amount of food intake during the 

6 hour period which immediately followed the saline injections. It 

can be seen that overall food intake averages for groups S, C, and N 

are 15.6 gm/kg, 14.1 gm/kg, and 13.6 gm/kg, respectively, but Table 18 

shows that these means do not significantly differ from each other. 

This result is illustrated in Figure 5 where it can also be seen that 

the cumulative food intake following saline injections increases as a 

function of time for all lesion groups. The overall food intake means 

following 1, 2, 3, 4, 5, and 6 hours free access to food are 8.2 gm/kg, 

10.9 gm/kg, 13.5 gm/kg, 16.3 gm/kg, 18.3 gm/kg, and 19.4 gm/kg, 
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Table 17. Mean cumulative food intake (gm/kg body weight) for groups 
S, C, and N recorded 1, 2, 3, 4, 5, and 6 hours following 
injections of.0.5 M, 1.0 M, or 2.0 M saline solution. 

Type 
of 

Concentration 
of NaCl 

Number of Hours with 
Free Access to Food 

Group 
Means 

Lesion Injection 1 2 3 4 5 6 (Lesion) 

0.5 M 13.3 15.4 18.0 19.7 21.9 23.0 

S 1.0 M 12.0 14.5 19.0 20.9 23.4 25.3 

2.0 M 1.4 6.9 6.7 10.5 13.7 14.8 15.6 

0.5 M 12.2 15.9 17.8 18.8 22.4 24.2 

C 1.0 M 7.7 10.0 12.6 19.5 21.0 22.2 

2.0 M 1.7 4.1 8.9 9.7 12.2 12.2 14.1 

0.5 M 15.3 17.1 18.4 20.8 20.8 21.7 

N 1.0 M 9.7 12.3 15.8 19.3 19.8 21.1 

2.0 M 0.43 2.2 4.2 7.6 9.2 9.8 13.6 

Group Means 
(Time) 

8.2 10.9 13.5 16.3 18.3 19.4 Grand=14.4 

Group Means (Injection) 

0. 5 M 1. 0 M 2.0 M 

18. 7 17. 0 7.6 
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Table 18. Analysis of variance summary table for cumulative 1, 2, 3, 
4, 5, and 6 hour food intake following injections of 0.5 M, 
1.0 M, or 2.0 M saline solution. 

Source of Variance 
Degrees of 
Freedom 

Mean 
Square 

F 
Ratio P 

Lesion (A) 2 89.62 0.84 -

Injection (B) 2 3102.41 29.23 <•01 

A x B 4 56.19 0.53 -

error (a) 39 106.13 

Trials (C) 5 815.80 168.55 <.01 

A x C 10 4.35 0.90 -

B x C 10 13.05 

o
 

C
M
 

<.01 

A x B x C 20 6.83 1.41 -

error (b) 196 4.84 

Total 288 -
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of hours of ad libitum access to food. 
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respectively, and an analysis of variance (Table 18) shows that there 

- is a significant difference among them (p<.01) with Duncan's New 

Multiple Range Test indicating that there are significant differences 

between the means for 1, 2, 3, and 4 hour food intake (p<.01) as well 

as for 4 and 5 hour food intake (p<.05). The means for 5 and 6 hour 

intake, however, do not differ significantly nor was the lesion x trials 

interaction in the analysis of variance significant. 

The overall food intake means following 0.5 M, 1.0 M, and 

2.0 M saline injections are 18.7 gm/kg, 17.0 gm/kg, and 7.6 gm/lcg, 

respectively (Table 17). An analysis of variance (Table 18) indicates 

that there is a significant difference among these means (p<.01) and 

Duncan's New Multiple Range Test shows that the intake means after the 

0.5 M and 1.0 M injections both differ significantly from the food 

intake mean following the 2.0 M injections (p<.05) although they do 

not significantly differ from each other. It should also be noted 

that the injection x trials interaction is significant (p<.01), thus 

indicating that the rate at which food was ingested differed for the 

various injection groups. This is nicely illustrated in Figure 6 

which shows that while the cumulative amount of food consumed 

increases for all injection groups as a function of the amount of 

time of free access to food the intakes of the groups remain different 

through the 3 hour period of food consumption after which the intakes 

of the groups receiving 0.5 M and 1.0 M saline injections become 

similar. 

Finally, neither the lesion x injection interaction nor the 

lesion x injection x trials interaction are significant. 
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The results of this experiment failed to give clear support 

to the hypothesis that the septum is involved in the coupling of food 

and water intake. For the hypothesis to be supported the thirsty 

animals with septal lesions would have had to eat a significantly 

greater amount of food than either the group with cortical lesions or 

the non-lesion group since that would indicate that food intake in 

animals with septal lesions is not reduced by thirst as much as it is 

in normal animals. Statistically, the results do not show this, but 

it should be noted that the trend of the data is certainly in the 

predicted direction in that after 6 hours of access to food the 

septal animals had eaten more than either the cortical or non-lesioned 

rats (Figure 5). Consequently, it was felt that the hypothesis should 

not be completely dismissed, and it was further investigated in the 

subsequent experiments reported in this dissertation. 

The results of food intake following the different injections 

of saline solutions were as expected, i.e., the greater the thirst 

the smaller the food intake. This has been shown by several investi

gators (Collier and Knarr 1966, Hsiao and Lloyd 1969) and is shown in 

this experiment by the fact that the animals given the most concen

trated salt solutions to produce the greatest thirst manifested the 

smallest food intake. Also, this experiment shows the trend over time 

of the differences in food intake that exist between animals suffering 

from differing amounts of artificially induced thirst. In general, 

the results show that the less two groups of animals differ from each 



other in terras of the severity of thirst that they are experiencing 

the sooner their cumulative mean food intakes will become similar, 

presumably due to a more rapid disinhibition of eating behaviors as 

the organism approaches a state of water balance. 



EXPERIMENT IV 

The purpose of this experiment was to further investigate the 

coupling hypothesis proposed earlier since even though the hypothesis 

was not statistically confirmed in Experiment III, the data were still 

in the predicted direction. It was decided to look at the releasing 

effect of water on food intake to see if any differences between 

animals with septal lesions and normal animals could be demonstrated. 

Procedure 

After four days of free access to food and water for recovery 

from Experiment III the subjects were weighed and then deprived of 

water for 23 hours. They were then given water with no food for one 

hour, after which food was reintroduced (with water) for another hour. 

The data collected included 23 hour food intake, followed by one hour 

water intake and second hour food and water intake. The results were 

analyzed by means of an analysis of variance and Kramer's extension 

of Duncan's New Multiple Range Test to unequal sample sizes. 

Results 

The food intake averages for groups S, C, and N during 

23 hours of water deprivation were 32.9 gm/kg, 30.6 gm/kg, and 

32.1 gm/kg, respectively, with no significant differences among these 

means (Table 19). When the rats were given water for 1 hour, they 

all drank similar amounts, i.e., group S drank 35.8 ml/leg, group C 



drank 38.1 ml/kg, and group N took 36.9 ml/kg and none of these means 

significantly differed from another (Table 20). When water was given 

the second hour, all of the intakes again were similar. Group S took 

in 14.2 ml/kg, group C 16.3 ml/kg, and group N 14.3 ml/kg with no 

significant differences among the means (Table 21). However, the food 

intake during the second hour was different for all of the groups 

with the septal animals having the lowest intake of 12.4 gm/kg. 

Group C ate 17.4 gm/kg and group N ate 19.8 gm/kg, and an analysis of 

variance (Table 22) shows that there is a significant difference 

among these means with Duncan's New Multiple Range Test showing that 

each mean significantly differs from the other (p<.01). 

Discussion 

From the above results it is apparent that food intake, as 

measured during a relatively short period of time (1 hour) and after 

limited access to water, is much lower in animals with septal lesions 

than in animals with cortical lesions, and is lower in animals with 

cortical lesions than in normal animals. Speaking more generally one 

can say that a given amount of water appears less able to release 

eating behavior from inhibition in thirsty animals with septal 

lesions than in thirsty animals with cortical lesions, and similarly, 

is not as efficient in producing eating in thirsty rats with cortical 

lesions as in thirsty normal rats. 
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Table 19. Analysis of variance summary table for food intake during 
23 hours of water deprivation (Experiment IV). 

Source of 
Variance 

Degrees of 
Freedom 

Mean 
Square 

F 
Ratio P 

Between 2 1.34 1.29 -

Within 45 1.04 

Total 47 

Table 20. Analysis of variance summary table for one hour water 
intake without food following 23 hours of water depriva
tion (Experiment IV). 

Source of Degrees of Mean F 
Variance Freedom Square Ratio P 

Between 2 1.26 0.29 - -

Wi thin 45 4.38 

Total 47 



50 

Table 21. Analysis of variance summary table for one hour water 
intake with food following 23 hours of water deprivation 
and one hour access to water without food. 

Source of 
Variance 

Degrees of 
Freedom 

Mean 
Square 

' F 
Ratio P 

Between 2 1.44 1.16 -

Within 45 1.24 

Total 47 

Table 22. Analysis of variance summary table for one hour food intake 
with water following 23 hours of water deprivation and one 
hour access to water without food. 

Source of Degrees of Mean F 
Variance Freedom Square Ratio P 

Between 2 14.53 17.93 <.01 

Within 45 0.81 

Total 47 



EXPERIMENT V 

This experiment was performed for the purpose of further 

looking at the nature of thirst-hunger interaction in animals with 

septal lesions. It was decided to first determine whether food 

intake is the same for animals with septal lesions and normal 

animals during ad libitum conditions and then to extend the informa

tion collected from Experiment IV by essentially replicating that 

experiment with one change; namely, presenting the rats with food 

alone, as opposed to food and water, during the second hour following 

a period of water deprivation. 

Procedure 

After the subjects had been allowed to recover for three days 

with free access to food and water, their 24 hour ad libitum intake 

of food and water was determined. The subjects were weighed and then 

deprived of water for 23 hours, after which they were given 1 hour 

of free access to water alone followed by 1 hour of food alone. 

Intake data were collected during each of these periods and were 

converted into either gm of food per kg of body weight or ml of water 

per kg of body weight. The data were analyzed using an analysis of 

variance and Kramer's (1956) extension of Duncan's New Multiple Range 

Test to unequal sample sizes. 
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Results 

The food intake means for animals with septal lesions and 

cortical lesions, and control animals after 24 hours of free access 

to food and water were essentially the same. The means were 50.8 gm/kg 

for both groups S and C, and 51.8 gm/kg for group N, with no 

significant differences among the means (Table 23). The 24 hour water 

intake appeared to be somewhat lower for animals with septal lesions 

than animals with cortical lesions or normal rats, e.g., 83.6 ml/kg 

compared to 91.3 ml/kg and 92.8 ml/kg, but the difference did not 

reach significance (Table 24) and one can conclude that water intake 

was essentially the same for all groups of rats. As in the previous 

experiment, the food intake during 23 hours of water deprivation was 

the same for all groups of subjects. The means were 32.4 gm/kg, 

30.4 gm/kg, and 29.6 gm/kg for groups S, C, and N, respectively, with 

no significant differences among the means (Table 25). Also, after 

1 hour of free access to water alone following the water deprivation 

period the intakes for all groups of animals were about the same, viz., 

32.7 ml/kg, 34.6 ml/kg, and 34.4 ml/kg for groups S, C, and N, 

respectively. No significant differences were found here either 

(Table 26). However, when food alone was given after 1 hour of water 

intake the animals with septal lesions ate much less than either the 

animals with cortical lesions or control animals, the means being 

9.5 gm/kg, 14.0 gm/kg, and 16.1 gm/kg of food intake for groups S, C, 

and N, respectively. An analysis of variance (Table 27) shows a 

significant difference among these means and Duncan's New Multiple 
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Table 23. Analysis of variance summary table for 24 hour ad libitum 
food intake. 

Source of Degrees of Mean F 
Variance Freedom Square Ratio P 

Between 2 0.33 0.14 -

Within 45 2.32 

Total 47 

Table 24. Analysis of variance summary tdsle for 24 hour ad libitum 
water intake. 

Source of Degrees of Mean F 
Variance Freedom Square Ratio P 

Between 2 24.29 0.65 -

Within 45 37.63 

Total 47 
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Table 25. Analysis of variance summary table for food intake during 
23 hours of water deprivation (Experiment V). 

Source of Degrees of Mean F 
Variance Freedom Square Ratio P 

Between 2 2.02 1.85 -

Within 45 1.09 

Total 47 

Table 26. Analysis of variance summary table for one hour water 
intake without food following 23 hours of water depriva
tion (Experiment V). 

Source of Degrees of Mean F 
Variance Freedom Square Ratio P 

Between 2 1.07 0.26 -

Within 45 4.19 

Total 47 
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Table 27. Analysis of variance summary table for one hour food intake 
without water following 23 hours of water deprivation and 
one hour access to water without food. 

Source of Degrees of Mean F 
Variance Freedom Square Ratio P 

Between 2 11.67 15.99 <.01 

Wi thin 45 0.73 

Total 47 
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Range Test shows specifically that each mean differs significantly 

from the. other (p<.01). Thus, it can be seen that not only did the 

animals with septal lesions eat less than animals with cortical 

lesions and normals under these conditions, but the rats with cortical 

lesions also ate less than the normal rats. 

Discussion 

The results from this experiment confirm those obtained in 

Experiment IV by showing that animals with septal lesions consume less 

food than animals with cortical lesions or normal animals in the 

immediate hour after 1 hour access to water following 23 hours of 

water deprivation, and they extend the results by showing that this is 

true whether or not water is available during that second hour. This 

again shows that the function of water, in terms of releasing eating 

behaviors in thirsty animals, is much more reduced in animals with 

septal lesions compared to animals with cortical lesions or normal 

animals. 



EXPERIMENT VI 

As a further investigation of drinking-feeding interaction in 

animals with septal lesions it was decided to look at the time course 

of eating after water deprivation and 1 hour access to water in order 

to determine whether the food intake of the animals with septal lesions 

catches up to that of normal animals within a few hours or whether it 

is prolonged over a longer period of time. 

Procedure 

The subjects were allowed to recover from Experiment V with 

4 days of food and water ad libitum after which they were weighed and 

put on a 23 hour water deprivation schedule. Following this the 

animals were given water alone for one hour and then food ale..vr for 

the next 24 hours. Data were collected on amount of food intake 

during the 23 hour deprivation period, amount of water intake during 

the 1 hour access to water, and amount of food intake after 1, 2, 4, 

and 24 hour access to food alone. The data were converted into either 

gm of food eaten per kg of body weight or ml of water drunk per kg of 

body weight, and all data were analyzed using an analysis of variance 

and Kramer's extension of Duncan's New Multiple Range Test. 

Res ul ts 

The mean amount of food intake during 23 hours of water 

deprivation was, as found in Experiments IV and V, about the same for 

groups S, C, and N with the means being 31.6 ml/kg, 29.2 ml/leg, 
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and 27.9 ml/kg, respectively, and no significant differences among 

the means (Table 28). Similarly, the 1 hour water intake following 

23 hours of water deprivation was about the same for all groups, with 

the means being 32.2 ml/kg for animals with septal lesions, 32.6 ml/kg 

for animals with cortical lesions, and 30.4 ml/kg for normal animals. 

An analysis of variance indicates that there are no significant 

differences among these means either (Table 29). 

Following access to water the cumulative food intake after 

1, 2, 4, and 24 hours of free access to food is shown in Figure 7. It 

can be seen that, in general, the amount of food eaten increases with 

time for"all groups. The overall food intake means for groups S, C, • 

and N across all hours of access to food are 15.7 mg/k'g, 17.7 gm/kg, 

and 19.9 gm/kg, respectively (Table 30), with an analysis of variance 

(Table 31) showing that there is a significant difference among them 

(p<.01). Furthermore, the food intake means across all types of 

lesions following 1, 2, 4, and 24 hour access to food are 12.7 gm/kg, 

13.0 gm/kg, 14.2 gm/kg, and 31.2 gm/kg, with an analysis of variance 

(Table 31) indicating that there is a significant difference between 

them (p<.01) and Duncan's New Multiple Range Test showing that the 

intake after 24 hours is significantly greater than that after 4 hours 

(p<.01) and the intake after 4 hours is greater than that after 

2 hours (p<.05). The intake after 2 hours is not significantly higher 

than after 1 hour, however. The lesion x trials interaction is also 

significant (p<.01) indicating that the different lesion groups 

differed in their rate of food ingestion. This is well illustrated in 
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Table .28. Analysis of variance summary table for food intake during 
23 hours of water deprivation (Experiment VI). 

Source of Degrees of Mean F 
Variance Freedom Square Ratio P 

Between 2 3.51 2.54 -

Within 45 1.38 

Total 47 

Table 29. Analysis of variance summary table for one hour water 
intake without food following 23 hours of water depriva
tion (Experiment VI). 

Source of Degrees of Mean F 
Variance Freedom Square Ratio P 

Between • 2 1.33 0.54 -

Within 45 2.46 

Total 47 
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Figure 7. Mean cumulative water intake for septal, cortical, non-
lesion control animals plotted as a function of the number 
of hours of access to food without water. 
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Table 30. Mean cumulative food intake (gm/kg body weight) without 
water for groups S, C, and N recorded 1, 2, 4, and 24 hours 
following 23 hours of water deprivation and one hour access 
to water without food. 

Number of Hours with Free Access to Food 

1 2 4 24 Row Means 

s 9.3 9.8 11.3 32.3 15.7 
Type 
of C 12.9 13.1 14.7 30.0 17.7 

Lesion 
N 15.9 16.0 16.5 31.3 19.9 

Column 
12.7 13.0 14.2 31.2 Grand=17.8 

Means 
31.2 Grand=17.8 

Table 31. Analysis of variance summary table for cumulative 1, 2, 4, 
and 24 hour food intake without water following 23 hours • 
of water deprivation and one hour access to water without 
food. 

Source of Degrees of Mean F 
-

Variance Freedom Square Ratio 

Lesion (A) 2 254.22 5.41 <.01 

error (a) 45 47.01 

Trials (B) 3 3453.42 654.06 <.01 

A x B 6 51.64 9.78 <.01 

error (b) 135 5.28 

Total 191 



Figure 7 where it can be seen that the differences in food intake 

between animals with septal lesions, animals with cortical lesions, 

and normal animals decreases with time and is very similar after 

24 hours of eating. 

Discussion 

From the results it can be seen that the lower food intake of 

animals with septal lesions following limited access to water is 

primarily a condition which exists in the first few hours after the 

animal has had access to water, and the effect disappears within 

24 hours after the ingestion of water. It should be noted that there 

was no access to water during the 24 hour period of food access and 

thus one possible conclusion is that the water that was ingested in 

the 1 hour after water deprivation was simply not used as rapidly for 

releasing eating behavior in animals with septal lesions as it was in 

animals with cortical lesions and normal animals. After a long enough 

time, however (24 hours in the present case), the same amount of water 

could be as effective in animals with septal lesions as in animals with 

cortical lesions and normal animals. This contention is supported by 

the fact that in the present experiment the water intakes of all 

groups were equal after 24 hours of water deprivation with ad libitum 

food. 

Similarly, animals with cortical lesions manifested less rapid 

release of eating behaviors than did normal control subjects. One 

possible conclusion here is that a lesion per se will cause a reduc

tion in the rate at which water is utilized in releasing eating 



behaviors from inhibition by water deprivation. However, the 

present author questions such a notion since an inspection of the 

brain sections reveals that some animals subjected to cortical lesions 

suffered damage not only to the cortex but also to part of the under

lying septum. Consequently, one would expect to find the animals with 

cortical lesions showing food and water intake behaviors which deviate 

from those of normal animals and would be similar to those of animals 

with septal lesions. This, indeed, seems to be the case in the present 

experiment since the amount of food intake of the cortical subjects 

was about midway between that of animals with septal lesions and 

normal animals, and thus the differences between the two groups of 

subjects seems to be due to the fact that the animals with cortical 

lesions sustained some septal damage rather than due to the effects 

of a lesion per se. 



GENERAL DISCUSSION 

One of the most important outcomes of this set of experiments 

was the failure to find hyperdipsia in animals with septal lesions 

compared to animals with cortical lesions or normal animals when all 

groups of animals were suffering from either hyperosmolality or hypo

volemia. Although this is in opposition to Blass and Hanson's (1970) 

observation that rats with septal lesions overrespond to hypovolemia 

by drinking far more water than do normal animals, it should be noted 

that the results are in line with Tegart's failure (cited by Wishart 

and Mogenson 1970b) to replicate Blass and Hanson's study. Actually, 

the whole literature concerning water intake following septal lesions 

is quite confusing. While numerous papers have reported substantial 

increases in water intake following septal lesions (Carey 1969; 

Donovick and Burright 1968; Donovick, Burright, and Gittelson 1969; 

Hamilton 1970; Harvey and Hunt 1965; Harvey et al. 1965; Kondo and 

Lorens 1971; Lorens and Kondo 1969, 1971; Lubar et al. 1968; Lubar 

et al. 1969; Mogenson et al. 1969; Sorensen and Harvey 1971; Wolfe 

et al. 1967) as well as a decrease in drinking following electrical 

stimulation of the septum (Wishart and Mogenson 1970a), a number of 

investigators have reported that not all septal rats show the 

hyperdipsic syndrome. Wishart and Mogenson (1970b), for example, 

reported that one-third of their animals with septal lesions did not 

manifest hyperdipsia with ad libitum food and water, although these 

animals did show a relative polydipsia when deprived of food for at 
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least 24 hours. Blass and Hanson reported that they discarded all 

rats with septal lesions that did not have a mean daily water intake 

that was above the normal mean by at least two standard deviations. 

Unfortunately, they did not report what proportion of their lesioned 

rats fell into this category and consequently the present author 

questions the extent to which their conclusions can be generalized to 

other populations of animals with septal lesions. Finally, Hamilton 

and Flaherty (1971) reported that the ad libitum water intake of their 

animals with septal lesions on a 1 hour test was not significantly 

different from that of normal animals, and Singh and Meyer (1968) 

have reported hyperdipsia in septal rats only during periods of food 

deprivation. 

The variables responsible for these differences mi$it at first 

thought appear to be the locus and extent of the lesions. However, 

the literature concerning this is itself conflicting. Lubar et al. 

(1969) concluded that if the septum is vertically divided into three 

equal sections then the posterior portion of the middle third and the 

anterior portion of the posterior third appear to comprise the crucial 

areas which must be destroyed in order to produce a hyperdipsic 

animal. Carey (4;969), on the other hand, reported that rats with 

ablations of the anterior half of the septum were consistently 

superior to animals sustaining lesions to the posterior half on a 

series of thirst motivation tasks which included bar pressing and 

runway running for water, although there were no differences between 

the two groups of animals in terms of 24 hour ad libitum water intake. 
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Besch and VanDyne (1969) tried to clear up the situation by using a 

3x2 factorial design that involved three different lesion sizes and 

two different lesion placements. After an extensive examination of the 

lesions they concluded that no particular septal structure could be 

implicated more than any other as being crucial to the development of 

polydipsia following its destruction. However, the authors found 

that lesions which were more posterior and ventral and included 

destruction of the paraventricular nuclei of the hypothalamus correlated 

quite well with the development of hyperdipsia and this area was thus 

considered to be most likely candidate as the crucial area whose 

destruction would result in the development of excessive drinking 

behavior. 

It would be noted that the paraventricular nuclei are involved 

in the release of ADH and if destruction of these areas is responsible 

for the polydipsia under consideration here then the question again 

arises as to whether the primary problem in septal drinkers is 

polyuria or polydipsia. The lesions of the present experiment were 

very extensive and included all structures which have traditionally 

been classified as belonging to the septal region. However, none of 

the lesions were so large as to include any substantial portion of 

the paraventricular nuclei and consequently this might account for 

why no increase in water intake following the septal lesions was 

observed. It must be mentioned, -though, that several studies, such 

as Carey's (1969) animals with anterior septal lesions as well as most 

of the animals used by llarvey and Hunt (1965) and Kondo and 
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Lorens (1971), have reported septal hyperdipsia in cases where it 

appears unlikely that any substantial portion of the paraventricular 

hypothalamic nuclei were damaged. 

At this point, then, no definite conclusions can be drawn 

regarding the destruction of which particular nuclei, either within 

or outside of the septal area, will result in polydipsia in rats. 

Other variables which one might believe to be important in 

this problem include method of lesioning, sex, species, and body 

weight. In the present experiment the lesions were induced electro-

lytically, the subjects were Sprague-Dawley males, and they lost more 

body weight after surgery than the normal animals and never caught 

up with them throughout the duration of the experiment. In comparison, 

the lesioning method in most studies reporting septal hyperdipsia has 

also been electrolytic, although Lubar et al. (1969) found increases 

in water intake when they used aspiration to remove the septum. 

Consequently, differences due to lesioning technique can be dismissed. 

Sex is often an important variable (Cox, Kakolewski, and 

Valenstein 1969) but in this case Kondo and Lorens (1971) have 

reported observing polydipsia in both male and female animals with 

septal lesions. Species differences are also often relevant but a 

survey of the literature indicates that septal hyperdipsia has been 

found with several types of rats including Wistars (Wishart and 

Mogenson 1970b), lloltzmans (Hamilton 1970), and Sprague-Dawleys 

(Kondo and Lorens 1971). There appears to be no reports of whether 

or not septal hyperdipsia occurs in other kinds of animals, however. 



Finally, it was observed in the present experiment that the 

* animals with septal lesions weighed an average of 30 gm less than the 

normal subjects. A similar trend was noted by Hamilton and Flaherty 

(1971) and although the drinking data were converted into the amount 

drunk per unit body weight in both that study and the present one it is 

interesting to note that both studies failed to report polydipsia in 

animals with septal lesions. In contrast to this observation, however, 

is Donovick and Burright's (1968) finding that lighter weight animals 

tended to drink more water per unit body weigjit than heavy animals, 

and this was especially pronounced in septal animals. Consequently, 

the role which body weight plays in regulating the hyperdipsia of 

septal animals appears rather nebulous at this time. 

A significant finding of the present series of experiments 

involved the failure of septal animals to eat as much food as normal 

rats when both groups had drunk the same amount of water during a 

limited amount of time. This effect was quite stable and it was 

repeatedly demonstrated in Experiments IV, V, and VI. Such a finding 

indicates a disruption of the coupling mechanism that normally regulates 

the relation between food and water intake. 

In regard to the above finding it should be noted that previous 

studies have demonstrated that the septum is involved with both food 

and water intake regulation. Grossman (1964) reported that cholinergic 

stimulation of the medial septum in 24 hour food and water deprived 

rats caused an increase in 1 hour water intake but a decrease in 1 hour 

food intake compared to control animals. Later Coury (1967) found that 

injections of carbachol (a cholinergic stimulant) into the lateral 



septal nuclei increased water intake while injections of norepinepherine 

caused a rise in food intake, and consequently he hypothesized that the 

lateral septum contains a system which matches food and water intake 

levels. Wishart and Mogenson (1970b) reiterated this notion when they 

found that the water intake of animals with septal lesions remained 

high even when they were on a food deprivation schedule. If the septum 

does contain a coupling mechanism then one would expect that the 

converse experiment of Wishart and Mogenson's, viz. , depriving animals 

of water and observing their food intake, would result in high levels 

of food ingestion by septal animals. 

Experiment III of the present series of experiments failed to 

statistically confirm the above hypothesis. However, Experiments IV, 

V, and VI give support to a different form of the coupling hypothesis, 

viz., that animals with septal lesions, compared to normal animals, 

are less able to utilize water in releasing eating behaviors from 

inhibition that has been induced by water deprivation. Lepkovsky et al. 

(1957) have shown that an animal ingests a quantity of water to match 

the amount of food it has eaten such that its stomach contents will 

subsequently be about 50% water and 50% food. Collier and Knarr 

(1966) as well as Collier and Levitsky (1967) have shown that during 

water deprivation a rat reduces its food intake in order to defend 

the ratio of body water to lean body weight. It seems possible that 

the septum contains a mechanism that regulates this ratio which, when 

destroyed, causes an increase in the amount of water needed for the 

ingestion of a given amount of food to maintain lean body weight. 



This would explain the septal polydipsia that has been reported by 

many researchers as well as the reduction in food intake by septal 

animals when limited water is available as was found in the present 

series of experiments. 

Thus, it appears that at the present time the most compre

hensive explanation of septal hyperdipsia is that septal lesions 

result in the destruction of a neural system which is responsible 

for maintaining an organism's ability to regulate its food—water 

ingestion ratio so as to maintain a given level of body weight. 
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