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The nucleus circularis has been linked to a role in 

regulating osmotic thirst but evidence has also shown that 

full bilateral destruction of the nucleus circularis was not 

necessary to achieve a deficit in drinking behavior after an 

osmotic challenge. The present study attempted to answer 

two primary research questions. The first question was 

whether osmoreceptive cells existed around the nucleus 

circularis in a homogeneous fashion or if these cells 

existed in a structured fashion stretching from the nucleus 

circularis forward. The second question was whether animals 

with lesions of the nucleus circularis and the surrounding 

areas were different in normal daily water intake than 

animals with no lesions. 

The first question was approached by lesioning the 

nucleus circularis, the area one millimeter anterior to the 

nucleus circularis, one millimeter posterior to the nucleus 

circularis, one half of a millimeter medial to the nucleus 

circularis and using a sham group which had the electrode 

passed through the brain to a spot one millimeter above the 

nucleus circularis but passing no current. 



All animals were then given an osmotic challenge which 

consisted of half of each group with an injection of 

hypertonic saline while the other half of each group was 

given isotonic saline. After a five-day recovery period, 

the injection procedure was reversed. Water consumption on 

each test day was measured at ten-minute intervals for one 

hour. Difference scores were then computed by subtracting 

the amount of water consumed after hypertonic saline 

injection from the amount of water consumed after isotonic 

saline injection. The difference scores were then used in 

an analysis of variance which revealed a significant 

difference between groups. A subsequent post hoc test 

showed that the nucleus circularis group was different from 

all other groups except for the anterior lesion group which 

showed a trend in the same direction as the nucleus 

circularis group. 

The second research question was approached in two 

ways. The first way was to simply record the amount of 

water consumed in each twenty-four hour period. An analysis 

of variance showed no significant difference between any of 

the groups. The second method for testing the second 

research question was to put the animals on a twenty-three 

hour water deprivation schedule and measure the amount of 

water consumed during the one hour when water was available. 

Once again, no significant differences were observed. 
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AN OSMORECEPTIVE ZONE AROUND THE NUCLEUS CIRCULARIS 

Thirst has been defined as an imbalance in body water 

which creates a state of excitement in the central nervous 

system (or disinhibits an inhibitory state) resulting in the 

seeking and ingestion of water (Epstein, Kissileff & Stel-

1973). Thirst-motivated behavior and the accompanying 

release of an antidiuretic hormone by the posterior pitui-

tary gland can be produced by two fluidic conditions (c.f. 

Verney, 1947) which, while monitored by independent mecha-

nisms, act in an additive fashion (Oatley, 1964; Corbit, 

1968). These conditions are hypovolaemia, the loss of 

extracellular fluid, and cellular dehydration, the loss of 

intracellular fluid (Gilman, 1937; Fitzsimons, 1979). 

The loss of extracellular fluid can come about in a 

variety of ways, such as hemorrhage or diarrhea. An imba-

lance in extracellular fluid activates baroreceptors in the 

left atrium of the heart. This stimulates secretion of 

renin by the kidneys thus initiating the angiotensinogen-an-

giotensin conversion. Angiotensin then causes the release 

of aldosterone which promotes water and sodium retention as 

well as antidiuretic hormone release (Epstein, Fitzsimons & 

Rolls, 1970). 

The literature reviewed below will concentrate on 

research investigating the neural mechanisms mediating 



thirst-motivated behavior produced by cellular dehydration. 

Cellular dehydration occurs as a result of an imbalance in 

osmotic gradients between intracellular and extracellular 

fluids. Thirst, motivated by cellular dehydration, has been 

called osmotic thirst (Gilman, 1937) and research in this 

area has been directed at locating osmoreceptors in the 

brain (Verney, 1947). The two areas most often implicated 

in osmotic thirst have been the preoptic nucleus and the 

lateral hypothalamus (Epstein, Kissileff & Stellar, 1973). 

For example, Blass and Epstein (1971) lesioned the anterio-

medial portion of the lateral preoptic nucleus in female 

rats using lesion parameters of one half milliamp for 30 

seconds. The authors then divided the animals into three 

groups: ineffective lesions, separation or osmotic deficit 

but no change after a hypovolaemic challenge and animals 

which showed a deficit to both challenges. Histological 

examination showed that animals with ineffective lesions had 

damage limited to the lateral preoptic nucleus and animals 

with a deficit to both types of challenges had lesions which 

extended beyond the anterior commissure in a posterior fash-

ion. The authors also point out that in some of the animals 

exhibiting both types of deficits had lesions which spared 

portions of the lateral preoptic nucleus. Rehydration of 

the lateral preoptic nucleus by using injections of dis-

tilled water by intracranial cannulation attenuated drinking 

due to cellular dehydration. 



Using rabbits as subjects, Peck and Novin (1971) 

undertook three experiments to determine if the lateral 

preoptic nucleus was truly an osmoreceptive site. Their 

first experiment involved local cellular dehydration where 

cannulas were placed in selected areas of the brain. Results 

from this exercise showed that osmosensitive areas were 

clustered between the paraventricular and supraoptic nuclei 

and near the anterior commissure. The authors conclude that 

osmolality thresholds in the lateral preoptic area were not 

less than osmolality thresholds in the lateral and dorsal 

hypothalamic areas. Experiment two allowed the animals 

access to either tap water or isotonic saline after an 

intercranial injection of saline to produce localized cellu-

lar dehydration in the lateral preoptic nucleus. The 

majority of animals showed a preference for tap water after 

saline injection suggesting that osmoreceptors had been 

stimulated. Lesions of the lateral preoptic nucleus were 

performed in experiment three and deficits in drinking in 

response to an osmotic challenge were noted. However, no 

control groups were employed and lesions confined to the 

lateral preoptic nucleus rostral to the anterior commissure 

also failed to cause the deficit (Peck & Novin, 1971). 

In addition, lesions which were effective damaged the 

anterior commissure extensively. Employing multiple and 

single unit recording electrodes, Malmo and Mundl (1975) 

measured neural activity in the medial and lateral preoptic 



areas after an osmotic challenge and found a higher neuronal 

firing rate in the lateral preoptic area than the medial 

preoptic area after hypertonic injection. They concluded 

that Blass and Epstein (1971) were correct in labeling the 

lateral preoptic nucleus as being osmosensitive. Almli, 

Golden and McMullen (1976) lesioned the preoptic areas of 

ten-day-old male and female rats and concluded that, as 

adults, the rats were hyperdipsic to extracellular dehydra-

tion and hypodipsic to cellular dehydration which led to 

their support of the idea that the lateral preoptic nucleus 

contains osmoreceptors. However, these authors used lesion 

parameters of one to two milliamps for 10 to 20 seconds. 

These parameters would produce large lesions and are some-

what imprecise with respect to the amount of time current 

was passed through the brain tissue. According to the 

histological results of the previous study, several of the 

animals which showed deficits sustained damage posterior to 

the anterior commissure. An interesting result of this 

study was that while males of the lesion group showed a def-

icit when compared to a control group, the females showed no 

such deficit except at 35 days old. 

The lateral hypothalamus, occasionally in conjunction 

with the lateral preoptic nucleus, has been thought to 

affect osmotic thirst. The data implicating the lateral 

hypothalamus is considerable (Fitzsimons, 1979) and adipsia 

is a well-documented characteristic of the lateral 



hypothalamic syndrome; a characteristic so strong that 

unless the animal is force-fed water, it will die. Kissi-

leff and Epstein (1969) lesioned the lateral hypothalamus of 

eight female and one male rats, and after recovery, found 

that drinking occurred; however, this was entirely prandial 

(when a small amount of water is taken with each morsel of 

food). One explanation for this may be that four of the 

animals had salivary processes interrupted and that one of 

the animals carried a chronic intragastic tube throughout 

the experiment. 

The functional independence of the lateral preoptic 

nucleus and the lateral hypothalamus with regard to thirst 

was examined by Tondat and Almli (1976). These authors 

created four experimental groups by lesioning the lateral 

hypothalamus and recording cellular activity in the lateral 

preoptic nucleus, lesioning the lateral preoptic nucleus and 

recording cellular activity in the lateral hypothalamus, 

recording in the lateral hypothalamus with no damage to the 

lateral preoptic area and recording cellular activity in the 

lateral preoptic area with no damage to the lateral hypotha-

lamus . Lesions were produced by a two to two and one half 

m-iHi3Jflp current for 15 to 20 seconds. The animals behavior 

was observed after an injection of hypertonic saline. The 

animals with no lesions showed increased neuronal activity 

in both the lateral preoptic area and the lateral hypothala-

mus after a hypertonic saline injection but no neuronal 



activity during a resting phase with no hypertonic 

injection. By alternately lesioning and recording the lat-

eral preoptic and the lateral hypothalamus areas, the 

authors produced data which indicated that the two areas 

were independently osmosensitive. An additional conclusion 

was that the two areas probably influenced one another. 

There are, however, some alternative interpretations of 

the data implicating the lateral preoptic nucleus and 

lateral hypothalamus in osmotic thirst as well as data 

diametrically opposed to this hypothesis. In the studies 

cited above, most, if not all, of the lateral preoptic 

lesions which elicited a deficit in drinking behavior 

extended from the anterior preoptic area caudally to the 

anterior and lateral hypothalamus, thus destroying several 

surrounding areas. Interestingly, Peck and Novin (1971) 

noted that their lesions of the lateral preoptic nucleus 

which were effective, destroyed more tissue than might be 

thought to be necessary and that lesions which were 

restricted to the area of the lateral preoptic nucleus ros-

tral to the anterior commissure failed to produce an effect. 

Coburn and Strieker (1978) put forth the notion that the 

effects seen following lateral preoptic lesions could possi-

bly be due to damage of several monoaminergic pathways which 

traverse the lateral preoptic area. These researchers noted 

that rats with extensive damage to the lateral preoptic area 

did drink in response to salty food, hypertonic saline 



injected intravenously and when rats had been deprived of 

water for 24 hours but injected with isotonic saline to 

remove the stimulus for hypovolaemic thirst. The above 

researchers noted that while the lesioned animals did not 

engage in drinking behavior comparable to that of normal 

animals after a hypertonic challenge, the lesioned animals 

excreted more salt in their urine than did normals and 

therefore may have attempted to maintain isotonic levels by 

excretion rather than water intake. Animals with lesions in 

the lateral preoptic nucleus were then tested against normal 

animals for everyday drinking behavior. With a normal diet 

the lesion group drank a comparable amount of water daily 

when compared to the normal animals and when the diet was 

made salty, the lesioned animals drank as much as the nor-

mals . When hypertonic saline solutions were infused in the 

bloodstream of both groups the animals with lesions in the 

lateral preoptic area drank as much as the animals in the 

control group. In addition, Coburn and Strieker (1978) 

report that animals which did not drink in response to an 

osmotic challenge had lesions located within the borders of 

the lateral preoptic nucleus. Direct injections of hyper-

tonic saline into the lateral preoptic area were effective 

only at osmotic concentrations considerably above the normal 

ranges of physiological osmolarity allowing for the possi-

bility that the saline could affect structures other than 

the lateral preoptic nucleus due to seepage, particularly 
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via the third ventricle (Peck & Novin, 1971; Johnson & 

Epstein, 1975). 

Using this direct injection technique, Peck and Blass 

(1975) examined 86 locations in 51 rats for release of an 

antidiuretic hormone. The locations which elicited drinking 

behavior were located in the lateral preoptic nucleus and 

the anterior hypothalamus. The above authors do point out 

that the subjects in this experiment exhibited thirst 

without an antidiuretic hormone release and release of an 

antidiuretic hormone without an accompanying increase in 

thirst-oriented behavior. In a related study, van Gemert, 

Miller, Carey and Moses (1975) found that after producing 

lesions in the lateral preoptic nucleus which remained in 

the borders of the nucleus, no change in dehydration-induced 

an antidiuretic hormone release was noted and that the ani-

mals actually showed an increase in water intake. Extensive 

damage to the lateral hypothalamus seems to disrupt higher 

order neurons instead of blocking reception of osmotic imba-

lances (Peck & Novin, 1971; Teitelbaum & Epstein, 1962). 

The data which postulates that the lateral preoptic 

nucleus, the lateral hypothalamus or combination of the two 

areas control osmotic thirst by possessing osmoreceptors or 

osmosensitive neurons also appears to be contradictory to 

the classic work of Verney (1947) who postulated that osmo-

receptors existed in the central nervous system and were 

probably located in vascular bed supplying the supraoptic 



nucleus. The osmoreceptive cells were thought to mediate 

release of an antidiuretic hormone and osmotic thirst by 

acting on the supraoptic nucleus as well as directly commu-

nicating with the posterior pituitary gland. Evidence has 

since been presented that the supraoptic nucleus does have a 

direct connection with the release of an antidiuretic hor-

mone (Zuidema & Clarke, 1957). Injection of hypertonic 

saline into the bloodstream also caused a release of an 

antidiuretic hormone in the supraoptic and paraventricular 

nuclei of cats (Milton & Paterson, 1974). Novin and Durham 

(1969) used single cell recording in the supraoptic nucleus 

and found neurons which were activated when hypertonic 

saline was injected intracarotidly. Additional support for 

Verney s contention that osmoreceptive cells were concen-

trated near the supraoptic nucleus was made by Hayward and 

Vincent (1970) when they recorded single cells around the 

supraoptic, lateral preoptic and other nuclei in the monkey. 

They found that the cells around the supraoptic nucleus 

responded specifically to cellular dehydration where cells 

in other areas responded in a non-specific manner to a 

variety of stimuli. 

Verney's (1947) prediction about the possible location 

of a neural osmoreceptor has been supported by several 

subsequent studies which intimated the existence of these 

osmoreceptors but could not verify the actual existence of 

an osmoreceptive neuronal structure (Jewell & Verney, 1957; 
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Hayward & Jennings, 1973). Recently research on a 

relatively unknown structure, the nucleus circularis, which 

lies in the vascular bed supplying the supraoptic nucleus 

(see APPENDIX A), has been suggested to be that osmorecep-

tive nucleus (Hatton, 1976; Tweedle & Hatton, 1976; Lambert, 

Ivy & Harrell, 1980; Wallace & Harrell, 1983). 

The nucleus circularis is a tightly packed grouping of 

approximately 260-280 cells in each bilateral area, and is 

located posterior to the anterior commissure, ventral to the 

paraventricular nucleus and about midway between the 

paraventricular nucleus and the base of the brain. It also 

lies midway between the third ventricle and the supraoptic 

nucleus. Because of its small size and close proximity to 

the supraoptic and paraventricular nuclei, the nucleus cir-

cularis had earlier been labeled as the accessory supraoptic 

nucleus and the nucleus paraventricularis pars lateralis 

(Peterson, 1966). Monachov, Boon and Brockhaus list this 

small group of cells as the nucleus intermedius, while 

Diepen designated intermediate Zellnester as the nucleus' 

name (c.f. Palkovits, Zaborsky & Ambach, 1974). It was 

Peterson (1966), however, who named the structure as the 

nucleus circularis due to the nucleus' characteristic shape 

when seen by a frontal section. 

The nuclei in this area of the hypothalamus originate 

from a common phylogenetic source, an area which lies adja-

cent to the epydymal lining of the lateral wall of the third 
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ventricle. The paraventricular nucleus remained relatively 

close to its site of origin while the nucleus circularis and 

the supraoptic nuclei have migrated ventrolaterally towards 

the outer border of the optic chiasm. The nucleus circu-

laris is, therefore, phylogenetically older than the 

supraoptic nucleus but younger than the paraventricular 

nucleus (Bandaranayake, 1971). Because of the proximity and 

common origin of these three nuclear groups, the nucleus 

circularis has been associated with the supraoptic and para-

ventricular nuclei, which secrete an antidiuretic hormone. 

The nucleus circularis is determined to be neuro-

secretory based on the presence of Gomori-stainable 

material, nematosomes, in the cytoplasm (Peterson, 1966). 

Tweedle and Hatton (1976) also noted processes near and ema-

nating from some of the cells in the nucleus circularis 

which contained ribosomes and neurosecretory granules as 

well as synapses. The majority of these cells seem to be 

monopolar with unmyelinated axons. In addition, some of the 

cells seem to be perforated by capillaries from the vascular 

bed in which the nucleus lies. A myelin capsule encases the 

entire nucleus. This capsule serves to insulate the nucleus 

from the surrounding cells (Hatton, 1976). Peterson (1966) 

found that the nucleus has a tubular shape with axons run-

ning down its center and is usually associated with a large 

blood vessel. Some axons project toward the supraoptic 

nucleus while others join axons from the paraventricular 
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nucleus and project toward the neurohypophysis 

(Bandaranayake, 1971; Koizumi, Ishikawa & Brooks, 1964; 

Laqueur, 1954). When horseradish peroxidase, a substance 

which is transported up the axon in a retrograde fashion and 

leaves a reaction product thereby making it possible to 

trace an axon to its nucleus, was injected into the pitui-

t a r Y of £&t, it was found that some of the neurosecretory 

axons led directly to the nucleus circularis (Sherlock, 

Field & Raisman, 1975). The cells of the nucleus circularis 

are also responsive to osmotic changes, such as those pro-

duced by water deprivation (Hatton, 1976; Tweedle 

& Hatton, 1976; Tweedle & Hatton, 1980; Gregory, Tweedle & 

Hatton, 1980; Hatton & Walters, 1973). In his original 

study, Hatton (1976) deprived rats of water for two hours, 

four hours, eight to 12 hours, 24 hours, 48 hours, 72 hours, 

96 hours and 120 hours. A second part of this experiment 

was to deprive the animals of water for 24 hours then give 

the animals free access to water for 12 hours, 24 hours, 48 

hours, 96 hours, 120 hours and 240 hours. The third part of 

this study was to use electrical stimulation of the nucleus 

circularis and try to elicit drinking behavior. With two 

hours of water deprivation the number of nucleoli increased 

in the nucleus circularis but no further increase of 

nucleoli was noticed with extended water deprivation. 

Another finding was that the overall size of cells in the 

nucleus circularis increased with the amount of water 
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deprivation while control cells outside the nucleus 

circularis did not increase in size. Upon rehydration, the 

cells of the nucleus circularis returned to a normal size. 

Hatton (1976) also unilaterally stimulated the cells of the 

nucleus circularis and found a short-latency, long-lasting 

antidiuretic effect. Cellular changes produced by water 

deprivation were studied by Tweedle and Hatton (1976) by 

sacrificing animals after no water deprivation, one day of 

water deprivation and five days of water deprivation. The 

brains of these animals were then examined using an electron 

microscope. The above authors found that the supraoptic 

nucleus and the nucleus circularis were vascularized with 

capillaries in direct contact with neurons carrying neurose-

cretory vesicles. Cell size increased as the length of 

water deprivation increased where cells in animals with no 

water deprivation had smaller cells in the supraoptic 

nucleus and the nucleus circularis than did animals after 

five days of water deprivation. The number of cells showing 

direct soma-somatic contact increased in the animals with 

one day of water deprivation but no difference was seen 

between animals with one day water deprivation and those 

with five days water deprivation. Additional animals were 

given free access to water after a five-day water depriva-

tion schedule and then sacrificed and examined. While the 

number of soma-somatic contacts had decreased, the overall 

number of soma-somatic contacts was still above that of a 
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normal animal. These characteristics led to the hypothesis 

that the nucleus circularis may perform a sensory function 

as an osmoreceptor, receiving input from the capillary blood 

perfusing it via osmolarity variations (Hatton, 1976), much 

as Verney (1947) had predicted. 

Two recent studies have outlined the structural changes 

in the nucleus circularis which take place after dehydra-

tion. The first to actually examine the nucleus circularis 

was Hatton (1976) who found that the percentage of cells 

containing multiple nucleoli increased from 10 percent to 28 

percent with only 24 hours of water deprivation, which 

causes cellular dehydration. Unilateral electrical stimula-

tion of the nucleus circularis produced a decrease in urine 

output intimating the direct, or indirect, control of an 

antidiuretic hormone secretion. The second study showed 

that water deprivation also produced enlarged nucleoli as 

well as an increase in free ribosomes and rough endoplasmic 

reticulum. Another characteristic which increased was the 

percentage of direct intercellular contact, implying 

increased generator potential and synchronized firing for 

the cell group as a whole. An additional change was 

observed after dehydration was an increase in the percentage 

of marginated nuclei (Tweedle & Hatton, 1976). The nucleus 

circularis did fulfill six out of Hatton's (1976) criteria 

classification as an osmoreceptor, while the seventh 

(results from intracellular recording) has yet to be tested. 
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The nucleus circularis has also been found in dogs (Laqueur, 

1954), cats (Koizumi, Ishikawa & Brooks, 1964) & humans 

(Gregoretti, 1954). However, no documented study attempted 

to analyze drinking behavior following an osmotic challenge 

with animals subjected to discrete lesions of the nucleus 

circularis until the work by Lambert, Ivy and Harrell 

(1980) . 

Two additional studies have concentrated on the behav-

ioral effects of small, localized lesions of the nucleus 

circularis following an osmotic challenge. Lambert, Ivy and 

Harrell (1980), using lesion parameters of one milliamp ano— 

dal current for one second, limited the lesions to the area 

of the nucleus circularis and did not encroach on the 

preoptic, paraventricular or supraoptic nuclei. Also, no 

lesion extended beyond the anterior commissure. Lambert, 

Ivy and Harrell (1980) point out that bilateral destruction 

of the nucleus circularis was not necessary to produce their 

results. It is possible that their lesions disrupted fiber 

pathways between the nucleus circularis and either the 

supraoptic nucleus, the paraventricular nucleus or a combi-

nation of these nuclei and the pituitary. Yet a significant 

difference was found between the nucleus circularis lesioned 

group and the sham—operant group in the amount of water ing-

ested following an osmotic challenge. In the second 

behavioral study, Wallace and Harrell (1983) did a direct 

comparison of lesions of the nucleus circularis and the 



16 

lateral preoptic nucleus. In the first part of their 

experiment, lesion parameters were set at two-seconds with a 

two milliamp, anodal current for both the lateral preoptic 

and nucleus circularis groups. This was a longer duration 

than the study by Lambert, Ivy and Harrell (1980) but the 

lesions were still smaller than previous studies of the lat-

eral preoptic nucleus. Once again it was noted that 

complete destruction of the nucleus circularis was not nec-

essary to produce a deficit in drinking. However, the 

lesions which were contained totally in the lateral preoptic 

nucleus produced no effect. These animals were behaviorally 

indistinguishable from the sham-operant group. The second 

part of the study by Wallace and Harrell (1983) increased 

the lesion time parameter of the lateral preoptic nucleus to 

five seconds on the premise that possibly no effect would be 

seen unless the entire nucleus was ablated. This lateral 

preoptic nucleus group was compared to a sham-operant group 

and a group with two-second lesions in the area of the 

nucleus circularis. The lesion time parameters for the 

nucleus circularis group were maintained at two seconds. 

Again the nucleus circularis group showed a significantly 

greater deficit in drinking when administered an osmotic 

challenge when compared to either of the other groups. In 

this study, the lateral preoptic group did show a difference 

in drinking deficit compared to the sham-operant group. 

Histological examination of the lateral preoptic group 
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showed that the animals exhibiting the greatest deficit had 

lesions in the posterior part of the lateral preoptic 

nucleus, some extending into the anterior commissure. Ani-

mals with lesions in the anterior portion of the lateral 

preoptic area showed little or no deficit which lends sup-

port the supposition that osmosensitive cells may become 

more concentrated from the frontal lobes toward the supraop-

tic, paraventricular and nucleus circularis areas. 

Results of these behavioral studies should be repli-

cated and the possibility that osmoreceptive cells occur in 

a more concentrated fashion from the lateral preoptic area 

toward the hypothalamus must be explored. The present study 

proposes to examine these possibilities by making discrete 

lesions in four locations in the area of the nucleus 

circularis, direct, anterior, medial and posterior. The 

hypothesis put forth is that animals with anterior, medial 

and direct lesions will show more of a deficit than will 

posterior lesions and that all lesion groups will show a 

deficit in drinking behavior relative to the sham group. In 

addition, the above behavioral studies examined thirst 

behavior immediately after an osmotic challenge. The pres-

ent study proposes to take daily measures over a period of 

five days to test for any differences in normal drinking 

behavior. The second hypothesis put forth is that animals 

with lesions showing a deficit to an osmotic challenge will 

also show a deficit in normal water intake. 
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METHOD 

Subjects 

The subjects will be 50 albino, male Sprague-Dawley 

rats whose weight at the time of surgery was approximately 

350 grams. Subjects will be randomly assigned to one of 

five groups; anterior, direct, medial, posterior and sham-

operant. The animals will be individually housed and have 

ad libitum access to food and water until two hours before 

testing when both food and water will be removed. 

Surgical Procedure 

Anesthesia will be accomplished by interperitoneal 

injection of 50 milligrams per kilogram of Nembutal. Post-

surgery respiratory edema will be controlled by using one 

third of a cubic centimeter of atropine sulfate injected 

into the interperitoneal cavity. Bilateral lesions will be 

produced using a one milliamp anodal, anally grounded cur-

rent for two seconds. Coordinates for the anterior nucleus 

circularis lesions will be .9 millimeters lateral to the 

center of the sagital sinus; 7.5 millimeter below of the 

dura mater; and .8 millimeters posterior to bregma. Coordi-

nates for the direct nucleus circularis lesions will be .9 

millimeters lateral to the center of the sagital sinus; 7.5 

millimeters below the surface of the dura mater; and 1.8 

millimeters posterior to bregma. Lesions for the posterior 

nucleus circularis groups will be placed .9 millimeters lat-

eral to the center of the sagital sinus; 7.5 millimeters 
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below the surface of the dura mater; and 2.8 millimeters 

posterior to bregma. The medial group will have lesions .9 

millimeters lateral to the center of the sagital sinus; 7.5 

millimeters below the surface of the dura mater; and 1.8 

millimeters posterior to bregma. The sham-operant group 

will receive the same surgical treatment as the direct 

nucleus circularis group with the exceptions that the elec-

trode will be lowered to a point one millimeter above the 

nucleus circularis and no current will be passed. 

Histology 

The animals will be sacrificed with an overdose of 

ether and perfused intracardially with normal saline fol-

lowed by 10 percent Formalin. After perfusion, the brain of 

each rat will be removed and placed in a small 20 milliliter 

vial in a 10 percent Formalin solution. When all subjects 

have been perfused, the brains will be rinsed overnight in 

normal tap water. All brains will then be placed in a 50 

percent alcohol/distilled water solution for one and one 

half hours followed by a 70 percent alcohol/distilled water 

solution for one and one half hours. The brains will then 

be placed in a 95 percent alcohol/distilled water solution 

for two and one half hours. The 95 percent alcohol/dis-

tilled water will be replaced by fresh 95 percent alcohol/ 

distilled water and the brains will remain in this solution 

for three hours. A 50 percent ether/50 percent alcohol 

solution will be used next for four hours. The brains will 
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then be placed in a two percent Parlodion solution with a 

base of 50 percent ether/50 percent alcohol for 24 hours. A 

four percent Parlodion solution will be used for 24 hours 

followed by a six percent Parlodion solution for 24 hours. 

The final solution to be used in preparing the brains for 

sectioning will be a 12 percent Parlodion mixture for 24 

hours. The brains will be embedded in 12 percent Parlodion 

bY placing each brain in a small paper cup and covering the 

brain with the Parlodion solution. These brains are then 

placed under a glass bell with a container of chloroform. 

After the brains have hardened, the blocks containing the 

brains will be trimmed and placed in a 20 milliliter vial 

containing a 70 percent alcohol/distilled water mixture. 

The brains will be microtomed in frontal sections with a 

thickness of approximately 30 microns per section. After 

the brains have been sliced the pieces will be placed in a 

50 percent alcohol/50 percent distilled water solution for 

three minutes then rinsed in distilled water for three min-

utes. The brain slices will be placed in the Thionin stain 

for 10 minutes and then rinsed again in distilled water. To 

dehydrate the tissue for mounting on a microscope slide, the 

tissue will be rinsed in a 70 percent alcohol/30 percent 

distilled water mixture and placed in a new solution of 70 

percent alcohol/30 percent distilled water for three min-

utes. The tissue will then be placed in 95 percent alcohol/ 

five percent distilled water for three minutes and put in 
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cedar wood oil for 10 minutes. The tissue will then be 

ready for mounting on a microscope slide. These slides will 

then be examined to verify lesion placement. 

Testing Procedure 

An acclimatization period of one week after arrival and 

before surgery and a recovery period of two weeks after sur-

gery will be implemented. The animals will be tested on two 

days with a four-day interval separating the tests. All 

subjects will be divided into two testing groups; one 

receives hypertonic saline (.75 molar sodium chloride) and 

the other group receives isotonic saline. Animals which 

received hypertonic saline on Day one will receive isotonic 

saline on Day two. Testing on each day will be divided into 

two parts. The first part will be to test half the animals 

in each group from noon to one pm. Secondly, the remaining 

animals will be tested from two to three pm. This procedure 

allows all animals to receive injections in a short period 

of time and not be distracted by injections to other animals 

during their drinking period. The two test groups will be 

counterbalanced for experimental grouping, the position of 

the cage in the housing rack and positional order of injec-

tion. Diurnal cycling will be controlled by giving the 

injections during the same time period on both test days, 

even though Oatley (1964) has demonstrated that the time of 

^aY does not appear to affect drinking in response to an 

osmotic challenge. 
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Cellular dehydration will be induced by interperitoneal 

injection of hypertonic saline using a five cubic centimeter 

Lure lock syringe with a 27 gauge, one half inch needle. 

Isotonic saline will be used as a control injection to 

counterbalance for the effect of an injection and the weight 

of the saline. The amount of saline injected will be one 

percent of the animal's total body weight. This method con-

trols for variation in subject size where injections of 

absolute amounts could not. Thirst will be operationally 

defined as the volume of water consumed during a one hour 

test period beginning immediately after injection. Water 

consumption will be measured in six 10—minute intervals 

using drinking tubes graduated to one milliliter and placed 

on the animal's home cage. 

The dependent variables for this study will be the 

amount of water consumed in each 10-minute time period after 

injection and the weight of each individual animal on each 

test day. The independent variables will be the six 

10-minute time periods and the five groups. 

The second hypothesis will be tested by putting the 

animals on a 23 hour water deprivation schedule and taking 

water consumption measurements using the drinking tubes 

described above. The one hour water access period will be 

administered at the same time every day for five days. 
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Statistical Procedures 

Means for each group in each 10-minute time period will 

be calculated and reported in table form with the accompany-

ing standard deviations. Using these averages, means and 

standard deviations will be obtained and reported. Two-way 

analysis of variances will be computed for group and time 

interval using both independent and cumulative measures of 

the amount of water consumed. Difference scores will be 

used as the dependent variable in the analysis of variances 

and will be calculated by subtracting the amount of water 

consumed after isotonic saline injection from the amount 

consumed after hypertonic injection. A two-way analysis of 

variance will be computed using the five groups and daily 

measures as independent variables and amount of water con-

sumed as the dependent variable. The animal's weights will 

taken on each test day. A one-way analysis of variance will 

be calculated with weights as the dependent variable and 

groups as the independent variable to insure that differ-

ences in drinking behavior were not due to the animals' 

sizes. Means and standard deviations will also be computed 

with this data. 

RESULTS 

Histology 

Histological examination of the subjects' prepared 

brains revealed that all lesions were comparable to earlier 
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studies using the current lesion parameters with regard to 

size (Lambert, Ivy & Harrell, 1980; Wallace & Harrell, 

1983). All anterior lesions were about the level of or 

anterior to the anterior commissure. No anterior lesion 

appeared to violate the area of the lateral preoptic nucleus 

in an anterior direction or the supraoptic, paraventricular 

or nucleus circularis in a posterior direction. The 

posterior lesions were located about the level of the 

ventromedial nucleus. None of the posterior lesions 

appeared to extend forward to the nucleus circularis. The 

medial lesions were about the level of the nucleus circu-

laris and in some cases damaged the third ventricle but were 

never observed to damage the nucleus circularis. The medial 

lesions did have tracks through the paraventricular nucleus 

but the tracks were of such size that only a small percent-

age of the paraventricular nucleus would have been damaged. 

Also the medial group did not show an osmotic deficit as 

compared to the nucleus circularis group or the anterior 

group. Lesions directed at the nucleus circularis were 

within the appropriate area and, as in previous studies, the 

nucleus circularis was rarely completely destroyed. No 

nucleus circularis lesion was observed to damage either the 

supraoptic nucleus or the paraventricular nucleus. 

Statistics 

Analysis of variances were computed using groups as the 

independent measure and the animals' weights as the indepen-
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dent measure. No significant differences were found between 

groups on either test day (see APPENDIX B). 

Difference scores were computed by subtracting the 

amount of water consumed after isotonic saline injection 

from the amount of water consumed after hypertonic saline 

injection for each animal in each 10-minute period (non-cu-

mulative) and by subtracting the amount of water consumed up 

to each 10-minute period (cumulative). A three x six analy-

sis of variance with one repeated measure was performed on 

both the cumulative and non-cumulative data. The analysis 

of the cumulative data showed a significant interaction of 

experimental group and measurement interval (p < .001, F = 

2.63, df = 24, 282), as well as a significant main effect of 

measurement interval (p < .001, F = 80.58, df = 6, 282) and 

a significant main effect for experimental groups (p < .013, 

F - 3.55, df = 4, 47). Student-Newman-Keuls post hoc tests 

showed a difference between measurement interval one and all 

other intervals; interval two and all other intervals; 

interval three and all other intervals; and interval four 

and interval seven. Student-Newman-Keuls post hoc tests 

&lso showed a difference between the nucleus circularis 

group and the sham-operant group as well as a significant 

difference between the nucleus circularis group and the pos-

terior group. A summary of this analysis is provided in 

TABLE 2, and the cell means can be found in APPENDIX C. 
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TABLE 2 

Summary Table for Cumulative Data 

Source SS df MS F P 

A 607.18 6 101.20 80.58 .001 

B 401.61 4 100.40 3.55 .013 

AB 79.28 24 3.30 2.63 .001 

Analysis of non cumulative data showed significant main 

effects for measurement interval (p < .001, F = 14.99, df = 

6, 282) and significant main effects for experimental groups 

(p < .003, F = 4.61, df = 4, 47). Student-Newman-Keuls post 

hoc tests indicated that interval seven was significantly 

different f r o m all other intervals and interval six was also 

significantly different from all other intervals. Student-

Newman-Keuls post hoc tests also showed that the nucleus 

circularis group was significantly different from the sham-

operant, the posterior and the medial groups, but the sham-

operant, the posterior and the medial groups were not found 

to be significantly different from each other. A summary 

table is provided in TABLE 3. The cell means and standard 

deviations can be found in APPENDIX C. 
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TABLE 3 

Summary Table for Non-Cumulative Data 

Source SS df MS F P 

A 93. 63 6 15. 61 14 .99 .001 

B 15. 90 4 3. 98 4. .61 .003 

AB 29. 75 24 1. 24 1. .19 .249 

Data was also collected on a daily basis on the amount 

of water consumed in one hour after a 23-hour deprivation 

period for five days. A five x five analysis of variance 

with one repeated measure was computed. A differential main 

effects for time interval was shown to be significant (p < 

.001, F = 158.85, df = 4, 180) but there was no significant 

differencial main effects noted between groups (p < .618, F 

0.67, df = 4,180). Student-Newman-Keuls post hoc tests 

showed that the first two time periods were different from 

all other time periods but that they were not different from 

each other. The remaining time periods were also not dif-

ferent from each other. There were also no significant 

interaction effects found. A summary of this analysis is 

provided in TABLE 4. Cell means and standard deviations may 

be found in APPENDIX D. 
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TABLE 4 

Summary Table for Deprivation Data 

Source SS df MS F' P 

A 4074.26 4 1018.57 158.85 .001 

B 35.10 4 8.78 0.67 .618 

AB 62.78 16 3.92 0.61 .872 

Normal water consumption was measured over a five-day 

period and a five x five analysis of variance with one 

repeated measure was performed. A summary table of the 

analysis can be found in TABLE 5 and cell means may be found 

in APPENDIX D. 

TABLE 5 

Summary Table for Normal Water Intake Data 

Source SS df MS F P 

A 432.12 4 108.03 1.28 .281 

B 294.03 4 73.51 0.37 .828 

AB 692.18 16 43 .26 0. 51 .939 
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All statistical analyses weir© computed using the 

National Advanced System 8040 computer and SPSS-X or the 

North Texas State University Statistical Package. 

DISCUSSION 

fi^st hypothesis put forth in this study was that 

animals with anterior, medial and direct nucleus circularis 

lesions would show more of a deficit in drinking behavior 

than animals with posterior lesions or animals with no 

lesions following interperitoneal injections of saline solu-

tions. This hypothesis was partially supported. 

The group of animals with lesions of the nucleus circu-

laris were significantly different from animals with lesions 

posterior to the nucleus circularis, animals with lesions 

medial to the nucleus circularis and animals in the sham-

operant group. This finding directly supports the results 

of Lambert, Ivy and Harrell (1980) and Wallace and Harrell 

(1983) thus replicating research which implicated the 

nucleus circularis as having a direct effect on behavior 

produced by osmotic thirst. Using the amount of water con-

sumed in each 10-minute period as the dependent variable, 

the nucleus circularis group drank a significantly smaller 

amount of water than did the sham-operant group, the poste-

rior group and the medial group. Thus, the only group not 

significantly different from the nucleus circularis group 

was the group which received lesions anterior to the nucleus 
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circularis. This is in keeping with the first hypothesis to 

the degree that the nucleus circularis group and the ante-

rior lesion group are not different. Previous researchers 

ha.ve provided clues which suggested this was true (Peck & 

Novin, 1971; Coburn & Strieker, 1978) by showing that 

lesions close to the anterior hypothalamus produced deficits 

drinking behavior while lesions anterior to the anterior 

chiasm did not reliably produce these deficits. While the 

anterior and medial groups were not significantly different 

from the sham-operant group, a trend was noted in that the 

groups in order of an observed deficit in drinking behavior 

was nucleus circularis, anterior group, medial group, poste-

rior group and sham-operant group. The aforementioned trend 

points to an osmoreceptive zone which stretchs from the 

nucleus circularis in an anterior fashion and becoming spar-

ser as the zone gets further from the nucleus circularis. 

It is possible that the medially lesioned group was not dif-

ferent because the cells in this area are not receptive but 

animals in this group which showed a deficit did so due to 

damage to nerve fiber tracts to and from the paraventricular 

nucleus and the nucleus circularis. 

Daily measures of normal water intake showed no signif-

icant difference between the groups. This finding is to be 

expected as the animals with lesions did not lose weight 

over the period of time concerning this study. In fact, if 

a difference had been observed, the role of the nucleus 
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circularis with regard to water regulation would have to be 

reevaluated. 

Because no significant differences were found between 

the groups with regard to the animals' weights, the size of 

the animal is assumed to have played no part in the findings 

of the present study. All animals gained weight proportion-

ally between surgery and testing. 

All results obtained in this study are behavioral and 

therefore infer the role of the nucleus circularis in 

thirst. Direct measures of the release of an antidiuretic 

hormone are needed to directly link neurochemical changes 

with thirst related behavior. Hatton's (1976) sixth 

requirement for an osmoreceptor, which is direct measurement 

of the release of an antidiuretic hormone, has yet to be 

fulfilled and could provide additional research in this 

area. 

Several alternate explanations should be addressed. 

The possible explanation offered by Coburn and Strieker 

(1978) that the lesions may be damaging monaminergic path-

ways is valid in the present study; however, all observed 

lesions in the nucleus circularis and anterior groups were 

discrete and seemed to damage only the areas targeted. 

Another possible alternative explanation is brought forth in 

a recent article by Swaab and Fliers (1985) who note that an 

area immediately adjacent to the nucleus circularis is also 

involved with the control of gonadotropin release which if 
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destroyed could cause an imbalance in the subjects' other 

hormone levels. A word of caution is required. The results 

of these researchers were obtained with humans and while the 

nucleus circularis has been found in humans (Gregoretti, 

1954), work must be undertaken to determine if the same 

results can be obtained in rats. This objection can only be 

addressed by taking direct measures of the antidiuretic 

hormone release of the nucleus circularis and by the direct 

measure of the effect of the nucleus circularis on both the 

supraoptic and paraventricular nuclei. An additional 

alternate interpretation is that the animals in the nucleus 

circularis group were simply made less active by the surgery 

and therefore would not drink, even in response to an 

osmotic challenge. This argument is weakened by the obser-

vation that animals in the nucleus circularis group did not 

show a deficit in thirst related behavior during daily meas-

urements . 

Extentions to the present study are numerous. Instead 

of using male rats, female rats should also be tested. This 

would allow cross-sex generalization particularly if males 

were tested against females for differences in thirst 

related behavior after lesions of the nucleus circularis. 

Naturally, the female rats would have to have their 

individual cycles calculated and taken into account. Recent 

findings have noted physiological differences in male and 

female brains thus requiring physiological research to take 
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sex into account (de Vries, de Bruin Uylings & Corner, 1984; 

Lacoste-Utamsing & Holloway, 1982; Field & Raisman, 1973). 

Differences the brains of males and females have also 

been found in the area of the anterior hypothalamus near the 

nucleus circularis (Swaab & Fliers, 1985). These research-

ers have recently introduced evidence that a difference may 

exist between males and females in the gonadotropin release 

of cells in the region adjacent to the nucleus circularis. 

Evidence has also been presented that the growth of neurons 

in this area respond differently to male and female sex hor-

mones, such as gonadotropins (Toran-Allerand, 1976). Thus 

an alternative explanation for the current findings could be 

an mteruption in gonadotropin release instead of an altera-

tion in the release of an antidiuretic hormone. Subsequent 

research is called for to determine if this alternative 

explanation has merit. Because water retention is particu-

larly noticable in females, any research on an antidiuretic 

hormone secretion, thirst or other aspects of water regula-

tion should be done on males and females separately or have 

separate groups for males and females. In a related vein, 

the nucleus circularis is located in an area of the brain 

known to control cycling it is possible that damage to the 

nucleus circularis may upset normal drinking rhythms. 

Therefore, further research is needed to detect the changes 

if any. 
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An additional study would be to try a diet of salty 

food and repeat the daily water consumption observations. 

Because this diet would tend to draw fluid out of the cells, 

this test would appropriately test the role of the nucleus 

circularis in a more natural environment. Naturally, males 

and females should be tested as different groups 

Length of time after surgery and before testing could 

be used as an independent variable. This would reveal any 

compensatory mechanisms which might aid the nucleus circu-

laris in regulating osmotic thirst. The length of the delay 

should be immediate and groups ranging from one week up to 

several months. 

An extension to the present study would be to deprive 

the animals of both food and water to see how much of the 

drinking could be attributed to prandial thirst and deter-

mine if the nucleus circularis animals are more sensitive to 

prandial factors. If the nucleus circularis animals respond 

more to prandial thirst than animals of other groups then 

perhaps the nucleus circularis animals are compensating dur-

ing feeding time to maintain adequate body water. 

While measuring the effects of stimulation on the 

nucleus circularis, Hatton (1976) obtained significant 

results using unilateral stimulation. This raises questions 

regarding the necessity of bilateral damage. Additional 

research is required to determine if unilateral damage is 

sufficient produce behavioral results equivalent to those 
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found in Wallace and Harrell (1983) and the present study. 

In both cases histological evidence showed that bilateral 

damage was not always accomplished. Work by Harrell and 

Wallace (1982) suggest that unilateral damage to the nucleus 

circularis is sufficient to achieve a difference in thirst 

motivated behavior. 

In summary, the present study has replicated Lambert, 

Ivy and Harrell (1980) and Wallace and Harrell (1983) in 

showing that the nucleus circularis does have an effect on 

behavior precipitated by thirst. The zone of osmoreceptive 

neurons appears to extend in an anterior fashion from the 

nucleus circularis but this needs further investigation 

before conclusion arguments may be made. Damage to the 

nucleus circularis does not affect daily water intake or 

water intake after deprivation. 
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APPENDIX A 

Figure 1. Location of the 
Nucleus Circularis in a Coronal Section of a Rat Brain. 
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APPENDIX B 

TABLE 1 

Analysis of animals' weights on Test Day 1 and Test Day 2 

Sham NC Ant Med Post 

299 .50 302 .80 297.55 314.36 302.50 

Means on Day 1 

SOURCE SS df MS F P 

GROUP 
ERROR 
TOTAL 

1862.95 
19007.87 
20870.83 

4 465.74 1 
47 404.42 
51 409.23 

.152 0 .344 

Summary Table for Day 1 

Sham NC Ant Med Post 

309. 10 313. 90 306.91 320.73 311.50 

Means on Day 2 

SOURCE SS df MS F P 

GROUP 
ERROR 
TOTAL 

1233.59 
15287.39 
16520.98 

4 308.40 0. 
47 325.26 
51 323.94 

948 0. 445 

Summary Table for Day 2 



APPENDIX C 

38 

NC 
ANT 
MED 
POST 
SHAM 

TABLE 6 

Means and Standard Deviations for Cumulative 
and Non-Cumulative Data 

Test Period 

1 2 3 4 5 6 7 

0.10 
0.27 
0.64 
0 . 0 0 
0.70 

0 . 8 0 
0 . 8 2 
1.64 
2.50 
2.40 

0 
1. 
1, 
1, 
0. 

50 
09 
27 
60 
70 

0 . 2 0 
0.64 
0 
0 
0, 

36 
80 
90 

0 . 2 0 
0.27 
0.27 
0.40 
0.40 

0 . 0 0 
•0.09 
0.09 
0 . 2 0 
0.30 

0.10 
0.18 
0.36 
0.10 
0.30 

Non-Cumulative Means 

NC 
ANT 
MED 
POST 
SHAM 

0.32 
0.65 
1.21 
0 . 0 0 
1. 57 

2.10 
1.33 
1.75 
1.43 
2.17 

1.18 
1 
1 
1, 
0. 

22 
42 
35 
82 

0.92 
0.81 
0.50 
1.03 
1.10 

42 
47 

0.79 
0.52 
0.70 

0 . 0 0 
0.30 
0.30 
0.42 
0 . 8 2 

0.32 
0.40 
0.67 
0.32 
0.48 

Non-Cumulative Standard Deviations 

NC 
ANT 
MED 
POST 
SHAM 

0.10 
0 .27 
0.64 
0 . 0 0 
0.70 

0.90 
1.09 
2.27 
2.50 
3.10 

1.40 
2.18 
3.55 
4.10 
3.80 

1.60 
2 . 8 2 
3.91 
4.90 
4.70 

1.80 
3.09 
4.18 
5.30 
5.10 

1.80 
3.00 
4.27 
5.50 
5.40 

1.90 
3.18 
4.64 
5.60 
5.70 

Cumulative Means 

NC 
ANT 
MED 
POST 
SHAM 

0.32 
0.65 
1.21 
0.00 
1. 57 

1.91 
1.22 
2 . 2 8 
1. 43 
2.38 

2.63 
1.83 
2 . 8 8 
2.23 
2 . 6 6 

3.06 
1.94 
2.70 
2 . 77 
2.79 

2.90 
1.92 
2.40 
2.75 
2 . 2 8 

2.90 
1. 95 
2.45 
2.46 
2.46 

2 . 8 8 
1.83 
2.11 
2.72 
2.67 

Cumulative Standard Deviations 
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APPENDIX D 

TABLE 7 

Means and Standard Deviations for Deprivation and 
Normal Daily Intake Data 

Day 

1 2 3 4 5 Mar. 

NC 10.3 19. 6 19, .9 19.6 
ANT 9.8 19. 7 20. .1 21.5 
MED 10.1 19. 6 19. .6 20.9 
POST 9.6 19. 4 20. .0 19. 3 
SHAM 9.4 18. 0 18. 3 21.1 

19.8 
21.1 
20.0 
20.3 
19.7 

17.8 
18.4 
18.0 
17.7 
17.3 

Deprivation (Means) 

NC 
ANT 
MED 
POST 
SHAM 

3.20 
2.30 
1.91 
2.17 
2.01 

3.41 
2.79 
2.27 
1.96 
3.59 

2.47 
3.54 
3.13 
2.16 
4.50 

2.31 
3.95 
2.96 
2.45 
2.33 

2.53 
3.18 
2 . 6 2 
1.83 
1.89 

Deprivation (Standard Deviations) 

NC 53, .1 49 .5 52.2 46.5 49 .3 50 . 1 ANT 53. .9 50 .3 49.2 52.3 47 .6 50 . 7 MED 53. .7 48 .9 49. 7 52.6 44 .7 49 . 9 POST 48. ,0 46 .7 48.0 49.2 46 .2 47 . 6 SHAM 46. 0 49 .7 49.6 50.2 46 .8 48 .5 

Normal (Means) 

NC 9. 0 13 .8 8.3 6.8 3 .2 
ANT 17. 4 13, .4 8.5 6.1 8 . 6 
MED 11. 0 12 , .0 7.9 5.2 7, . 5 
POST 13. 5 20 , .6 5.2 7.4 5, . 3 
SHAM 11. 4 14 . , 8 8.7 4.8 7, .1 

Normal (Standard Deviations) 
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