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ABSTRACT

CERTAIN LIGHT INDUCED CHANGES WHICH CONTROL

DRINKING IN THE HAMSTER, MESOCRICETUS AURATUS
 

BY

Nicholas S. Van Dyke

Studies were undertaken to determine the effect which

different lighting regimes had on the water intake of Meso-

cricetus auratus. The hamster's water drinking activity
 

recorded with a capacitance-type activity monitor were sub‘

jected to spectral analysis and interpeak interval analysis

to detect any rhythms which occurred. Total activity data

were subjected to the same analysis. In all the test per-

iods, except periods 5 and 6, a circadian rhythm was ob-

served for both water drinking and total activity. However,

periods 5 and 6 showed 12 hour peaks. The interpeak inter-

val analysis showed significant 3 hour peaks for both water

drinking (3.00 i 0.06 hours) and total activity (3.05 t

0.06 hours). The conclusion was drawn that these 3 hour

peaks must be superimposed on the circadian rhythm. Also,

the 3 hour period in water drinking may indicate a COUpling

With the system controlling the frequency of urination

(Richter, 1965).



 

Nicholas S. Van Dyke

The analysis of water consumption data and interpeak

interval data showed that the water intake of the hamster

appears to be controlled by at least 2 distinct neural

mechanisms, one controlling the frequency of drinking, pos-

sibly localized in the suprachiasmatic nuclei (Stetson and

Whitmyre, 1976), and one controlling the amount of water

consumed, probably in the hypothalamus. The data also sug—

gest.that the regulation of drinking has reference points

adjusted to the relative surface area, to food intake and

probably to changes in body composition.

The data from this thesis demonstrate that the water

ingestion control system has a number of subsystems each

controlling a different aspect of drinking behavior since

the separate end points can be dissociated by manipulation

of the environmental photoperiod. The data also show that

the circadian periodicity of total activity is controlled

more closely than circadian water drinking. This demonstra-

tion also depends on the classical physiological testing

criterion, namely, that subsystems which may be dissociated

(uncoupled) by external conditions (in this case by photo-

periods) must have different control mechanisms. Signifi-

cant linear regression revealed different initial and final

activity data in a number of cases. Although a true aging

effect can not be ruled out, neither can the cumulative ef-

fects of isolation, nor the cumulated results of the succes-

sive treatments employed in this studY-
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INTRODUCTION

In the experimental investigation of thirst it is

usual to regard the amount of water an animal drinks as a

quantitative measure of the thirst that animal experiences.

Other behavioral measurements such as the rate of drinking,

and the "point" at which an animal will consume a normally

adversive solution can also be used as a measure of thirst.

However, it is the amount of water ingested that can be most

directly related to the need and therefore presumably to the

intensity of the original sensation.

The mechanisms involved in controlling the drinking

responses of an animal are genetically determined, innate,

but tend to mature as the animal matures. Adolf (1947)

found that drinking in response to a thirst stimulus is de-

ficient at first. Experiments have shown that the 19 day

old rat drinks at a slower rate after intragastric hyper-

tonic NaCl than does the older animal. Stricker (1966)

found that drinking after administration of hypertonic NaCl

is absent or much reduced before the nineteenth day, but

that the responses reach the adult levels by about the

twenty-first day. It is worth noting that drinking response

to both extracellular and cellular stimuli appear at the

same stage in the animal's development. This is probably

related to maturation of the hypothalamus, since other

1



hypothalamic functions in the rat also reach their full de-

velopment at about this time.

There are two major fluid compartments in the body,

the cellular space and the extracellular space. The theory

that drinking is caused by either a relative or an absolute

lack of water, requires receptors monitoring each of these

compartments. Each compartment has its own intake control-

ling mechanism which is independent of the other, but the

two mechanisms have an additive effect on drinking when ac-

tivated together.

The stimulus for cellular control is cellular shrink-

age (hypovolia), with some receptors at least in the hypo-

thalamus. A thirst for water results, and water is the

appropriate restoring fluid. The response of the control

system to stimulation makes it reasonable to suppose that

cellular receptor volume fluctuates between an upper satiety

level and a lower ingestion threshold level. However, be-

cause there is much anticipatory drinking, the threshold for

cellular thirst is seldom reached.

Wolf (1950) calculated a thirst threshold in the dog

after infusing hypertonic NaCl intravenously and measuring

the amount of saline needed to induce drinking. He calcu-

lated that the drinking threshold in the dog is reached when

the cells have shrunk by only 1 or 2% of their initial vol-

ume. This result is similar to the value of 1 or 2% increase

in osmolality found by Verney (1947) to stimulate the ADH-

releasing osmoreceptors. Wolf proposed that the same or
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similar osmoreceptors constitute the primary afferent compo-

nent of the thirst reflex. Thus Wolf suggests that hypo-

volia receptors and osmoreceptors may be the same. Hence

there is a general tendency to refer to "osmoreceptor theo-

ries of the regulation of drinking". Since the morphological

identification of the cells responsible for such different

neurophysiological functions is still obscure, the concept

remains conjectural.

Hypovolemia (in contrast to hypovolia) appears to be

the stimulus for extracellular thirst, with the receptors

located in some low pressure part of circulation. There is

an initial thirst for water, but the water intake response

is generally not sufficient by itself to completely repair

the plasma deficit. The quantities that may be ingested

are limited by increasing hypotonicity which has been postu-

lated to inhibit further drinking (Stricker, 1969). However,

the development of a delayed preference for a saline solu-

tion ensures an intake of a fluid that is homeostatically

more appropriate, and under these circumstances the plasma

volume is restored to normal. In extracellular thirst the

renin-angiotensin system appears to participate. Only Sng

of angiotensin II injected into the anterior hypothalamic

region causes a rat in normal water balance to drink water.

The involvement of the renin-angiotensin system in extra-

cellular thirst is extremely interesting, since it provides

a means for linking two important extracellular controls,



the ingestion of water and the retention of sodium by the

kidney through the intermediary of aldosterone.

Both hypovolia and hypovolemia are causes of "true"

thirst. However, an animal usually does not drink because

it is "truly" thirsty. Need for water is not a motive in

the psychological sense. In rats there appears to be a cir-

cadian rhythm of drinking modulated by that nature of the

diet. Fitzsimmons and LeMagnen (1969) found that feeding

and drinking are closely associated, and that between 80

and 85% of all food and water ingested is taken during hours

of darkness.

At least 70% of the total intake of water is drunk

just before, during and immediately after meals, and there

is a highly significant positive correlation between the

amount of water associated with a particular meal and the

size of that meal (Fitzsimmons and LeMagnen, 1969). There

are a number of possible explanations for this close rela-

tionship between feeding and drinking.

1. Eating and drinking may each be linked to the 24—

hour activity rhythm.

2. The taste of fbod, its smell or its presence in

the mouth or stomach might cause an anticipatory

intake of water in amounts appropriate to the

future needs of the animal. Nicolaidis (1968)

found it necessary to postulate buccal receptors

responsive to changes in osmolality in the mouth

afferent to hypothalamic osmoreceptors. These



might well be the receptors concerned in antici-

patory drinking.

Ingestion of food eventually causes a temporary

deficit in total circulating extracellular fluid

volume through increased secretion of isotonic

digestive juices. This deficit might result in

some sort of a thirst stimulus.

While the nature of the diet, through oropharyngeal

and possibly gastric fullness mechanisms, influences the

quantity of water ingested with meals, there is also an un-

derlying rhythm of drinking which accounts for the nocturnal

predominance of drinking.

This thesis deals primarily with photo-periods and

their effect on water drinking activity in the hamster.



REVIEW OF THE LITERATURE

Body Water Compartments and Fluxes

As suggested by Reeve and Kulhanek (1967), body water

can be represented as being contained in three compartments.

As illustrated below, these compartment are gut water (WG),

extracellular water (WE) and the cellular water (WC). Each

of the three compartments

 

   
 

 

diagramed has its own inputs and outputs. Ignoring feed

water loss gut by absorption, Kle' Extracellular water,

WE, has inputs, KIWG’ and cellular water influx into WE,

KSWC' Outputs are two kinds of water vapor loss, here

collectively indicated as L, urinary excretion, u, and water

transfer to the cells, KZWE° Cellular water, WC, has input,

KZWE’ and output, KSWC'

’

W = d - Klehence, dWG/dt
G

’g ‘ - - L

dWE/dt = WE Kle + KSWC KZWE u

dwC/dt 3 WC = KZWE ' KSWC

6
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It should be noticed that these equations are flux equations,

across surfaces which are unspecified here and by a number

of mechanisms. The form of the relationships indicated by

the equations is not useful for modeling on the computer,

since the physiologically interesting relationships as ex-

pressed in this model are essentially static. However, we

know that water balance is not only a static phenomena and

that very large degrees of dehydration as well as the upper

extreme, water intoxication, are compatable with life. Sec-

ondly, body water kinetics, particularly the transients,

are incompletely investigated, although steady state rela-

tionships are commonly utilized in clinical medicine. Fur-

ther, the utility of this representation is dependent upon

additional assumptions, primarily about (a) the order of

the transfer constants and the fact that (b) transient vs.

steady state relationships are not explicit. Thus mathe-

matical integrations are required which are not yet well

defined. Finally, this model is suggestive of additional

elements which might require a more sophisticated analysis

of subsystem behavior. However, if L is assumed constant

and the low rates of water vaporized through lungs and skin

as well as the fecal water loss are all considered to be

neglegible, then it can be seen that there are only two

quantitatively important and variable rates of exchange of

water between the body and its environment, d and u. These

are the major controlled variables of the body water system

Which maintains water balance between input by drinking and



and

dis

eai

QEI



and output by urinary water excretion. The emphasis of this

discussion will be on water drinking and the effects which

different photo-periods have on it. Since water balance re-

mains within physiological limits, the effects of the photo-

periods on drinking are expected to also influence urination.

Studies in Water Intake and Causes of Thirst
 

It was suggested very early that the loss of water

from the tissues so altered the properties of the cells that

they collectively initiated the sensation of thirst.

Holmes and Gregerson (1950) found that when dogs were

injected intravenously with hypertonic solutions of NaCl,

NaZSO4, sucrose, or sorbitol, all substances which cause

fluid to leave the cells, the dogs drank more water than

when they were given hypertonic urea, isomannide, or glucose,

substances which penetrate cells easily. A logical conclu-

sion that might be drawn from the above results is that

cellular dehydration rather than an increase in cellular os-

motic pressure is the true stimulus for true thirst. This

conclusion is based on the assumption that cells act as per-

fect osmometers.

The threshold of thirst in man and dog was calculated

by Wolf (1950) to be reached when the cells had shrunk by 1

0r 2% of their initial size, much the same figure that Ver-

ney had found for the osmotic threshold of the ADH receptors.

Wolf calculated the threshold of thirst by infusing hyper-

tonic NaCL intravenously and measuring the amount of
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saline needed to arouse thirst, or in the case of the dog,

the amount needed to start the dog drinking. In making his

calculations, Wolf assumed that the cells of the body behave

as perfect osmometers, and that it is cellular shrinkage it-

self which gives rise to thirst. He suggested that the

thirst "osmoreceptors" may be situated in the hypothalamus.

Consider what happens when a solute is infused intra-

venously. A hypertonic solution of a solute that is exclud-

ed from the cells initially increases the osmolality of the

extracellular fluid. However, even as the rise is taking

place, water is withdrawn from the cells so that the osmotic

gradient across the cell membranes, tends to disappear. Its

own final concentration and the effect it has on the concen-

tration of other constituents, however, depend on the nature

of the solute and on the fluid shifts that it produces in

the body. In this way the increase in osmolality is distri-

buted throughout the fluids of the body, though the solute

causing the rise is confined to the extracellular space.

The end result is a transient overall increase in cellular

as well as extracellular osmolality with a decrease in cell

size and an increase in extracellular fluid space.

Wolf (1950) defined thresholds of thirst and drinking

caused by the slow infusions of hypertonic saline in terms

0f the 1% decrease in fractional cellular water content, T

(DOte change in symbols), that is believed to be present at

the moment of onset of thirst and the initiation of drinking.
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The percentage decrease in cellular water at threshold,

100 T = (Vi ‘eVi'l
V1

 

Vi = initial cell volume

Vi’ = final cell volume

averaged 1.23 1 0.48% in man and 2.15 i 0.64% in the dog.

Losses of less than this amount will not cause "true thirst",

though of course drinking may occur for quite different rea—

sons. Once the "threshold" has been reached, however, drink-

ing starts and continues until enough water has been inges-

ted to restore the body fluid to a more "normal" level

whether or not transient satiety mechanisms intervene.

Since this threshold is similar to the value of 1 - 2%

increase in osmolality found by Verney (1947) to stimulate

the ADH releasing osmoreceptors, Wolf proposed that the

same or similar osmoreceptors lie on the afferent side of a

thirst reflex. This idea has received partial experimental

confirmation by Anderson (1953) who caused immediate poly-

dipsia in goats by injecting 0.1 - 0.2 m1 of 2% NaCl into

the perifornical region.

It is most improbable that only the cellular compart-

ment is controlled by the thirst mechanism. Maintenance of

the extracellular compartment is perhaps more important for

the short-term survival of the animal in view of the impor-

tance of the circulatory volume. The extracellular volume

is less than half the volume of the cellular compartment,

Yet it is the principal place where exchanges with the
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external environment take place, and it is involved in the

very large internal turnover of fluid in the kidneys and

gastrointestinal tract.

An outline for a possible mechanism of extracellular

thirst is as follows:

 

 

 

 

  
 

I =Extrace11ular hypovolemia

Drinking Stretch receptors Arterial

in low pressure baroreceptors

circulation

* _

Thirst centers<———-——-CNS :Sympathetic

actiIation

Angiotens in : Renin e JG cells 4———-I

(Fitzsimmons, 1970)

The cause of extracellular thirst is more complicated,

since there is usually a deficit of Na as well as water.

Water alone is not sufficient to restore the extracellular

space; the plasma deficit especially is little affected by

the amounts of water that are ingested before further drink-

ing is inhibited by osmotic dilution of the body fluids,

(Stricker, 1969). Even if larger amounts of water were

drunk, the vascular volume would benefit little, since the

additional water would be distributed throughout the body

fluids. In other words, though there is a rough correspon-

dence between the size of an extracellular deficit and the

amount of water ingested, this water may have very little

effect on the plasma volume. Yet deSpite the continuing

plasma volume deficit, drinking of water often ceases. A

further intake may lead to water intoxication.
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The commonest cause of thirst is water deprivation.

Though it is not known with certainty how the water deficit

produced by deprivation is shared between the cellular and

extracellular compartments, it is thought (Dicker, 1949)

that initially water is lost from the extracellular space

and then from both cellular and extracellular compartments

in proportion to their normal size. With more severe deple-

tions, the extracellular fluid is sustained at the expense

of the cellular fluid, the so called dehydration reaction

(Elkinton and Taffel, 1942). Since both compartments are

affected, it is of interest to consider whether cellular

and extracellular mechanisms can be additive in their ef-

fects on drinking, each contributing to the total thirst

experience.

The prediction of additivity is supported by the ex-

perimental evidence for a wide variety of thirst stimuli.

Oatley (1964, 1967) found that the combination of hemorrhage,

an extracellular stimulus of thirst, and hypertonic saline,

a cellular stimulus, produced more drinking than either

stimulus presented alone. This work was extended (Fitz-

simmons and Oatley, 1968), and it was found that deprivation

of water, a stimulus which depletes both major fluid com-

partments, combined with injection of hypertonic saline or

with hemorrhage, yielded drinking which was a simple addi-

tion of the effects of the two stimuli. In all cases ob-

served, drinking produced by one stimulus simply adds to

drinking produced by the other. The absence of interaction



13

between the components in a combination stimulus provides

evidence for the functional independence of the systems me-

diating cellular and extracellular thirst. These have also

been shown to be neurologically independent (Blass, 1968).

Normal Drinking
 

Appetite for water is not just a mild form of thirst,

but is an acquired drive dependent on previous pleasure ex-

periences. Appetite causes the animal to drink for pleasure,

there is no underlying need for water, whereas thirst causes

drinking to relieve a physiological imbalance.

Continuous recordings of feeding and drinking in a

room lit by artificial light controlled by a time switch

show that the two phenomena are closely associated (Fitz-

simmons and LeMagnen, 1969) and that between 80 and 85% of

all food and water ingested is taken during the hours of

darkness. However, some feeding and drinking take place at

other times, and very often there is a period of acceler-

ated intake of food and water just before the lights are

switched off. This suggests that though the rat is depend-

ing ultimately on the cycle of light and dark to regulate

its activities, it nevertheless has its own 24 hour clock

which allows it to anticipate darkness. There is no ini-

tial peak of water intake which would be expected were the

rat to wake up thirsty. Instead, drinking continues at a

fairly steady rate throughout the night.
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To test to what extent the normal pattern of drinking

is set by fluid needs of the animal, rats were given their

expected water requirements by continuous infusion through

a soft polyvinyl chloride tube permanently implanted in the

stomach.

Four rats infused at a rate of 1 ml per hour for per-

iods of 5 and 7 days and whose sole water supply was pro—

vided by infusion maintained normal food intakes and body

weights during this period. This amount of water is there-

fore sufficient for fluid balance. When rats were infused

at this rate and were allowed access to drinking water,

drinking was only partly suppressed, and the previous pat-

tern of nocturnal predominance persisted. Intragastric in-

fusion of water therefore suppresses drinking rather less

than would be expected were need for water the only factor

causing drinking.

If an animal normally drinks only when it is thirsty,

then continuous infusion of water, particularly at night

when most drinking occurs, should inhibit drinking in direct

pr0portion to the amount of water infused. This does not

happen. Therefore, need for water, signaled by thirst, is

not the cause of normal drinking when food and water are

freely available.

Drinking and feeding are closely related in the dog

and rat when food and water are freely available. Simulta-

neous recordings of eating and drinking show there is a very

lose temperal relationship between the two activities. At
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least 70% of the total intake of water is drunk just before,

during, and immediately after meals, and there is further-

more a highly significant positive correlation between the

amount of water associated with a particular meal and the

size of that meal.

Food-associated drinking seems to be a learned res-

ponse based on previous experience of the dipsogenic prOp-

erties of the diet which enables an animal under stable con-

ditions to anticipate its future water requirements by '

drinking appropriate amounts of water at meal times. The

water taken is related to the metabolic needs of the animal;

this type of drinking is therefore regulatory. While the

nature of the diet determines the quantity of water to be

associated with the meals, underlying this intake is a cir-

cadian rhythm of drinking which accounts for the nocturnal

predominance of drinking.

Basal Metabolic Rate Studies

in Relation to Bedy Size

Fasting animals burn up their body substance and die

when they have consumed about one half of their body mass.

The body substance is apparently used as a fuel, which can

be inferred from the observations that;

l. The consumption of body substance during fast in-

creases with increasing thermostatic heat require-

ments .
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2. We can express the life-prolonging property of

body substance in terms of calories, that is, as

the heat of combustion.

3. Heating the environment saves the body substance

and prolongs life in starvation, however, there

is both a lower critical temperature and an upper

critical temperature, above which homeothermic

control is lost.

The basal metabolic rate is the minimum rate of heat

production of a fasting, resting animal at ideal environ-

mental temperature. This rate can be calculated by the

relation,

B = 70 w3/4

where, B = basal metabolic rate in kcal per day

W = body weight in kg

(Kleiber, 1961)

According to this equation a hamster weighing 80 grams

should produce 10.6 kcal of heat daily.

Entrainment Studies

Entrainment of circadian rhythms is the phenomenon

whereby a periodically repeated stimulus, such as a light

cycle, causes an overt persistent rhythm to become periodic

with the same frequency as the entraining cycle. Thus,

there is a fixed phase relationship between the entrained
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rhythm and the entraining cycle. Any time series regard-

less of waveform, may be analyzed (by means of Fourier's

theorem) into an additive assembly of cosines whose para-

meters (i.e. frequencies, amplitudes and phase angles) can

then be determined. In general, the procedure involves con-

verting the data from a function of time to a function of

frequency. The spectrum thus obtained will show whatever

periodic components (rhythms) are necessary, with their am-

plitudes and phase angles for each respective frequency,

and which sum to the complex functions of time which exist

in the original data (the time series).

Norton (1975) found that both constant light and con-

stant darkness caused a general depression of the mean ac-

tivity levels, however, constant darkness may cause an ini-

tial transient increase. This is usually accompanied by a

reduction in circadian amplitude thus reducing the C24/C0

(ratio of the amplitude of the 24 hour peak to the mean

value) ratio. There is also a slight shift in frequency

which normally accompanies such a modulation.

Stetson and Whitmore (1976) produced evidence which

suggests that the suprachiasmatic nuclei may contain a

primary oscillator or a coupled oscillator in a two- or

multi-oscillator system which regulates a variety of light-

sensitive rhythms. A well known visual pathway from the

retina to the suprachiasmatic nuclei exists and a number

of unrelated rhythms (ranging from locomotor activity to
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adrenal corticosterone content) are abolished when the

suprachiasmatic nuclei are destroyed. It is unlikely,

though not impossible, that a single driving oscillator

would be involved in the expression of so many different

rhythms. Hence a multi-oscillator concept seems to be

suggested.



METHODS

Experimental Rationale
 

Recording gross motor activity for the hamster using

a capacitance activity monitor combines the different "motor

subsets" into one printer readout. These different "motor

subsets", recorded at the end of each 0.1 hour, add to the

total activity readout, each having varying durations and

intensities. When combining the different "motor subsets"

into one total activity count it must be assumed that the

ratio of these different activities remains essentially con-

stant. The total activity count can then be compared to

the water drinking activity to determine what effect it has

on water consumption. Such an analysis may lead to a bet-

ter understanding of the mechanisms controlling water drink-

ing in the hamster.

Experimental Set-up
 

A single young male golden hamster, Mesocricetus aura-
 

tus, was housed under a varying lighting regimen which con-

sisted of Fluorescent light (650 lux) alternating with dark-

ness. In periods one through eleven, food (instant Quaker

oats) and water were provided ad libitum and replenished

19
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between periods. Food was not provided during period

twelve, however, water was provided ad libitum.

Motor activity and water drinking activity were mea-

sured using two capacitance type activity monitors (Stoel-

ting Co., Model #31400, Chicago, IL) equipped with a 6-digit

printing counter (Stoelting Co., Model #22408). The move-

ment or drinking of the animal resulted in changes in the

capacitance field causing a "count" on the respective count-

er. Counts were integrated over a six minute interval and

recorded hourly. After each print, the counter automati-

cally resets to zero. Thus, 10 days of monitored activity

(one period) consisted of 240 recorded data points, one for

each hour of clock time. Records were also kept of the

average daily food and water intake and weight changes of

the hamster.

Recordings were obtained from the hamster maintained

in a Habitrail cage (Metaframe Corp., East Patterson, NJ)

fitted with an "isolated nesting box" which effectively

positioned the animal above the electrical field and elim-

inated small extraneous counts during sleep. The cage was

positioned on an activity monitor and the entire unit en-

closed in a chamber covered with a heavy black Visqueen;

the water bottle was set up on a separate activity monitor.

Thus, recorded data represents "total activity" of the

hamster on one printer and the "water drinking activity"

on the other printer. Four fluorescent lights (cage light

intensity 650 lux) controlled by a time switch, imposed a
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24-hour, light-dark, variable photo-period. Cage temp.

averaged 29 1 20C during the course of the experiment.

A total of twelve, lO-day, periods were obtained be-

fore the death of the animal. Changes in the hamster's

total activity and food consumption and the effect they had

on the water consumption, during these periods, were of par-

ticular interest. Hence, linear regression analySis was

performed on each of these different areas of interest.

The lighting regimes for the twelve periods reported

herein are listed in the following table.

Lighting Regimes

Period # Light-dark photoperiod

1 LD12:12(1ights on 0600-1800 hours)

2 LD16:8(lights on 0400-2000 hours)

3 LD16:8(1ights on 0400-2000 hours)

4 LD16:8(lights on 0400-2000 hours)

5 LDLD8:4:8:4(lights on 0200-1000 hrs and 1400-2200 hrs)

6 LDLD8z4z8:4(lights on 0200-1000 hrs and 1400-2200 hrs)

7 LD16:8(lights on 0400-2000 hours)

8 LD16:8(1ights on 0400-2000 hours)

9 LDL16,8(lights on 0400-2000 hours and dim light

' on 2000-0400 hours)

10 LDL16,8(1ights on 0400-2000 hours and dim light on

2000-0400 hours)

11 LD16,8(1ights on 0400-2000 hours)

12 LD16,8(no food) (lights on 0400-2000 hours)
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Measurements
 

Measurements of food consumption, water consumption

and weight of the hamster were made at the beginning and

the end of each 10 day period. The average daily consump-

tion of food and water was calculated from these data by

dividing the difference by the number of days between mea-

surements. Also, the hamster's average weight and daily

gain or loss for each 10 day period was calculated. The

average weight was calculated by dividing the sum of the

weights at the beginning and end of each period by two.

Since only one measurement was made on these variables no

standard errors could be calculated from such data. The

water drinking activity and total activity counts for the

animal were printed out at six minute intervals and subse-

quently over an hour for statistical analysis. These counts

were the result of the animals movements and drinking which

caused a change in the capacitance fields of the monitors.

Thus, 10 days of monitored activity consisted of 240 re-

corded data points for each of the two measurements.

Examples of the calculations of total water intake

and basal metabolic rate are given in Appendices A and B,

respectively.
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Statistical Considerations
 

Interpeak intervals for the water drinking activity

data (Appendix C) were determined for each of the 12 per-

iods. This was done by determining the number of hours be-

tween peaks in the water drinking activity. Appendix D

shows the results. Since the interpeak interval was not

normally distributed a chi-square analysis of the frequen-

cies in the different data cells was done on the interpeak

intervals. This chi-square analysis was done to test the

homogeneity of the different periods. A sample chi-square

analysis is shown in Appendix E.

Linear regression analysis was done on the following

relationships.

1. Relation of total activity (CO; mean counts/hour)

to water consumption (grams/day).

2. Relation of total activity (2000-0400 hours) to

water drinking activity (2000-0400 hours).

3. Relation of total activity (2000-0400 hours) to

water drinking activity (1900-0500 hours).

4. Relation of food consumption (grams/day) to water

consumption (grams/day).

5. Relation of food consumption (grams/day) to water

drinking activity (q); mean counts/hour).

6. Relation of food consumption (grams/day) to total

activity (CO; mean counts/hour).

These regressions were computed on an HP-65 hand calculator
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to determine the line of best fit to the data points. The

coefficient of determination (r2), which can be interpreted

as the proportion of total variation about the mean y ex-

plained by the regression, was calculated, as was the corre-

lation coefficient (r) itself. Least squares standard

errors were determined for the y-intercept and slope of

each of the lines. The standard error of estimate of y on

x (S y-x) was also determined for each of the linear regres-

sions. The equations used in the HP-65 calculator programs

are shown in Appendix F. The legend for each figure con-

tains the appropriate linear equation with its statistical

indicators.

Interpretation of the results is made by considering

first, whether the calculated values for the slope and in-

tercept were significantly different from zero. Corrabora-

tion of the tests was obtained from the r2 value.





FINDINGS

I. PRIMARY DATA RESULTS

Effect of Photoperiod Alterations on Mean Water Intake
 

During each photoperiod the water consumption of the

animal was measured by weight and the average daily intake

of water calculated. Additional calculations were made to

estimate the hamsters total available water. Food water,

metabolic water and water from fat loss (See Appendix A)

were added to the water consumed to provide an estimate of

the total water available to the animal. Table 1 shows the

results. During periods 1-11 the average water consumed

per day was 7.04 1 0.47 grams per day, which is about 76%

of the average total water available, 9.21 1 0.56 grams per

day.

During the first ten day period, a 24-hour light-dark

photoperiod (LD12:12; lights on 0600-1800 hours), the ani-

mal had an average water consumption and total water intake

very close to the average, as was also the case for periods

2, 3, 4, 7, 8 and 11 (LD16z8; lights on 0400-2000 hours).

This was expected since these were control periods with a

normal (LD lights on 0400-2000 hours) lighting regime.

16:8;

Periods 5 and 6 (LDLD8:4:8:4;

1400-2200 hours) resulted in probably a slightly increased

25

lights on 0200-1000 and
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water consumption. Periods 9 and 10 (LDLl6z8; lights on

0400-2000 hours and with a dim light on from 2000-0400

hours) resulted in possibly a slight decrease in water con-

sumed. These very slight differences from the general aver-

age during periods 5, 6, 9 and 10 probably reflect the

changes in body weight or surface area, since correcting

the values to body weight to the 3/4 power gives a differ-

ent picture (Table 2).

Period 12 (LB lights on 0400-2000 hours) has a
16:8’

water consumption about one-half as large as the average,

even though there is a normal lighting regime during this

period. The reason for this decreased water consumption

can not be related to the lighting regime but rather to the

imposed starvation.

From the observations, it is suggested that the regu-

lation of drinking has reference points adjusted to rela-

tive surface area, to food intake and probably to changes

in body composition. It is also suggested that these phys-

iological variables can be altered both by age of the ani-

mal and by exposure to different lighting schedules.

Comparison of Total Activity and Water Intake

Total activity by the hamster was recorded during the

12 photoperiods, as was the water consumption. The average

hourly total activity (CO; mean counts/hour) of the hamster

was also calculated and compared to the average daily water
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consumption (Table l) which was calculated earlier. Table

3 shows the results of these calculations.

A graph (Figure l) was prepared from these data points

and a linear regression analysis was run on the HP-6S

(Hewlett-Packard programable calculator) to find the line

which best fit the points. As indicated in the legend for

Figure l the line had a y-intercept of 251.4 1 156.2, which

is not significantly different from zero. Nor is the slope

significantly different from zero, having a value of 0.08

1 22.81. Also, there is no significant correlation (r =

+0.0011) between the mean daily water consumption and the

mean hourly total activity (CO) of the hamster under the

conditions of these experiments. A bar graph further illus-

trates this point (Figures 2 6 3).

The mean total hourly activity during darkness (2000-

0400 hours, when most of the locomotor activity occurred)

in periods 2 and 3 was then compared to the water drinking

activity during darkness (2000-0400 hours). Linear regres-

sion analysis (Figure 4) of these data showed a highly sig-

nificant correlation of +0.90 between the total activity

and the water drinking activity during darkness. The y-

intercept of the best fitting line describing this relation-

ship is -421.0 1 551.3 which is not significantly different

from zero. Because a peak in water drinking activity was

very often observed just before the lights went off and

just after the lights went on, total activity during the

dark time (2000-0400 hours) was also compared to water
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Figure 1. Relation of total activity (CO; mean counts/hr)

to water consumption (grams/day)

Y = (0.0799 1 22.811) X + (251.361 1 156.176)

2
r = 0.00000123

r = 0.0011073

Sy-x = 90.557
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Figure 1. Relation of total activity (CO; mean counts/hr)

to water consumption (grams/day)

Y = (0.0799 1 22.811) X + (251.361 1 156.176)

2
17 = 0.00000123

r = 0.0011073

Syox = 90.567
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Figure 2. Bar graph representing the total activity

(CO; mean counts/hr) divided by the water

consumption (grams/day) during each of the

12 different periods.

Figure 3. Bar graph representing the total activity

(CO; mean counts/hr) during each of the

12 different periods.
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Figure 4. Relation of total activity (2000-0400 hours)

to water drinking activity (2000-0400 hours)

Y = (3.589 1 0.481) X - (420.991 1 551.230)

r2= 0.81052

r 0.90029

Sy-x 560.990
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drinking activity between 1900 and 0500 hours, during these

same two periods. Linear regression analysis (Figure 5) of

these data showed a highly significant correlation of +0.79

between the total activity (2000-0400 hours) and water drink-

ing activity (1900-0500 hours), which is lower, however,

than the first mentioned correlation. The y-intercept of

the best fitting line for these data was -140.770 1 831.967

which is not significantly different from zero, with a

slape of 2.685 1 0.587, which is significantly different

from zero.

These data indicate that although the daily water con-

sumption is not related to the average hourly total activi-

ty (CO) (Total daily activity = 24 x mean hourly total

activity), the total activity during darkness is related to

the water drinking activity during darkness, and the times

bordering on the hours of darkness, for this particular

hamster.

The Effect of Food Consumption on Water Intake
 

The food consumption of the hamster ems measured for

each of the twelve periods imposed on it. The mean food

consumption per day for each of the periods was calculated

and compared to the daily water consumption and the hourly

drinking activity of the animal. Tables 1 and 2 shows the

results.



41

Figure 5. Relation of total activity (2000-0400 hours) to

water drinking activity (1900-0500 hours)

Y = (2.685 1 0.587) X - (140.770 1 831.967)

12: 0.61665

r = 0.78527

Sy-x = 797.932
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A graph (Figure 6) was prepared which plotted the food

consumption (grams/day) against the water consumption data

and a linear regression analysis was done to find the line

which best fit the points. The line had a y-intercept of

-2.37 i 0.79, which is significantly different from zero.

This means that in the absence of food the best estimate of

the water consumption (X - intercept) should be 2.81 grams

per day. The measured value (period 12) was 3.55 grams per

day. The slope also was significantly different from zero,

having a value of 0.84 i 0.12. Also, there is a highly sig-

nificant correlation of 0.92 between the water consumption

and the food consumption of this hamster. This was expected

since Fitzsimmons showed at least 70% of the total intake

of water is drunk just before, during and immediately after

meals, and there is furthermore a highly significant posi-

tive correlation between the amount of water associated with

a particular meal and the size of that meal. These data

had an r2 value of 0.84. A bar graph of these data further

illustrates this (Figure 7 and 8).

A graph (Figure 9) was also prepared which plotted

the food consumption (grams/day) against the water drinking

activity (CO; mean counts/hour) and a linear regression ana-

lysis done. The line which best fit these points had a y-

intercept of 2.92 i 1.22, which is significantly different

from zero, and having a value of 0.00371 1 0.01169 for its

slape. This relationship is not significant (r = +0.0998).
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Figure 6. Relation of food consumption (grams/day) to

water consumption (grams/day)

Y = (0.839 t 0.115) X - (2.372 1 0.785)

r2= 0.84268

r = 0.91798

Sy-x = 0.45528
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Figure 7. Bar graph representing the food consumption

(grams/day) divided by the water consumption

(grams/day) during each of the 12 different

periods.

Figure 8. Bar graph representing the food consumption

(grams/day) during each of the 12 different

periods.
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Figure 9. Relation of food consumption (grams/day) to

water drinking activity (CO; mean counts/hour)

Y = (0.003709 i 0.01169) X + (2.921 1 1.220)

2
r = 0.00997

r = 0.09989

Syox = 1.142
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Chi-sguare Analysis of the Interpeak Intervals

of Water Drinking Behavior

A preliminary chi-square analysis of the interpeak

intervals was done on the activity data obtained from the

animal (Appendix C). The detailed results of this analysis

are found in Appendix G. It was found that there is no

demonstrably significant differences in water drinking pat-

terns (as evaluated for the observed intervals between peaks

in drinking) between periods in which all the lighting re-

gimes are the same. Consequently for period 2, 3, 4, 7, 8

and 11 (LD lights on 0400-2000 hours) these drinking
16:8’

interval data were combined and used as the normal control

for comparison with each of the periods with a different

lighting schedule. This preliminary analysis showed that

there is no demonstrably significant difference between the

combined interpeak intervals from all the control periods

and those with altered lighting regimes.

There is, however, a significant difference between

the early control periods and the later control periods,

suggesting an effect associated with aging in the animal.

A chi-square analysis was done between periods 2 (12/8/75 -

12/17/75) and 11 (4/9/76 - 4/18/76), both of which were

control periods (Appendix G). This analysis revealed a sig-

nificant difference between these two periods, even though

all the conditions, except for the age of the hamster, were

the same. The number of short intervals is increased and

the number of long intervals is decreased in the aged hamster.
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Since aging is a factor in the water drinking activi-

ty of the hamster, and it has been demonstrated that the

later control periods differ significantly from the earlier

control periods, it is not permissible to combine the inter-

peak intervals of the earlier control periods with those of

the later control periods as was done in the preliminary

test. Therefore, the chi-square analysis was rerun, group-

ing only consecutive control photoperiods (LDl6z8)' This

assumed that a more valid comparison can be made between

neighboring periods in time, than between widely separated

periods.

An analysis between period 1 (LD12:12; lights on 0600-

1800) and periods 2, 3, and 4 (controls) did not reveal a

significant different in the absolute quantity of water con-

sumed during each of these four periods. However, the chi-

square analysis between combined periods 5 and 6 (LD8z4z8:4;

lights on 0200-1000 and 1400-2200 hours) and combined per-

iods 2, 3, and 4 (controls) revealed a significant differ-

ence in the interpeak intervals. Yet there was no signifi-

cant difference in the quantity of water consumed during

each of these five periods (Table 1). However, in the grams

/4
of water consumed per kg3 of body weight periods 5 and 6

were significantly different from periods 2, 3, and 4

(Table 2).

The chi-square analysis between combined periods 9 and

10 (LDL lights on 0400-2000 hours and dim light on
16:8;

2000-0400 hours) and combined periods 7 and 8 (controls)
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showed there was a significant difference in the interpeak

intervals of the animal, between periods 9 and 10 and the

control periods. Yet there was no significant difference

in the quantity of water consumed during each of these four

periods (Table l), or in the grams of water consumed per

kg”4 of body weight. (Table 2).

The chi-square analysis, between period 12 (control

lighting but no food provided) and period 11 (control)

showed there was no significant difference in the interpeak

intervals of the animal, between period 12 and the control

period. There was, however, a significant difference in

the quantity of water consumed during period 11 and period

12 (Table l). The water consumed during period 12 was about

one-half of that consumed during period 11.

Interpeak intervals, for periods 5 and 6 and periods

9 and 10, was significantly different from that of their

corresponding control periods. In periods 5 and 6 the time

between peaks in water drinking activity tended to be short-

er than time between peaks in water drinking activity of the

control periods. For periods 9 and 10 just the oppo-

site was observed. The time between peaks in the water

drinking activity in periods 9 and 10 tended to be longer

than the time between peaks in the water drinking activity

of the control periods. However, in both of these cases

the amount of water consumed was not significantly differ-

ent from water consumption during the control periods.

Period 12 showed no significant difference in interpeak
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intervals from the control period, but the hamster consumed

an amount of water which was significantly less than the

amount consumed during the control period. These data point

to the possible existence of at least two different neural

mechanisms controlling water drinking in the hamster, one

which controls drinking frequency (as indicated by inter-

peak interval analysis) and another which controls the

amount of water consumed in a day. From the data cited,

these two appear to be distinct, if not completely indepen-

dent.

A chi-square analysis of the interpeak intervals was

also done between the water drinking activity and the total

activity peaks (Appendix D) from the same period. The re-

sults of this analysis are found in Appendix 6.. These re-

sults show that within a period there is no demonstrably

significant difference between the interpeak intervals for

water drinking activity and total activity for any of the

12 photoperiods.

II. METABOLIC EXTRAPOLATIONS OF PHYSIOLOGICAL SIGNIFICANCE

(Estimated from Simple Calculations based on Empiric Equations)

Comparison of Food Consumption and Weight Gain
 

The hamster was young when the experiment was first

started and he steadily gained weight during the first four

periods. After this the animal's weight remained fairly

constant until the period (period 12), during which the
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animal was not supplied with food. For each of the periods

the basal metabolic rate (Table 4) of the hamster was esti-

mated using the equation:

B = 70 W“4

B = standard metabolism* in kcal/day

W = body weight in kg.

(Kleiber, 1961)

The number of kilocalories the hamster consumed per day was

also calculated (Appendix C), using 390 kcal as the metabo-

lizable energy in 100 grams of oatmeal. The basal metabolic

rate was subtracted from the kcals consumed to further es-

timate the residual energy available for weight gain or for

activity. Table 4 shows this comparison.

In making these calculations the average weight of the

hamster over the entire 10 day period was used as his weight

for that period, and the average amount of food consumed

each day was regarded as food intake. As can be seen from

the figures, there is no demonstrable correlation between

the weight gain and the food energy available for weight

gain.

*often loosely referred to as the basal metabolic rate
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The Effect of Total Activity on Food Consumption
 

The food consumed by an animal is used in several dif-

ferent ways, maintenance of the body mass, accumulation of

adipose tissue and as an energy source for activity. A

graph (Figure 10) was made comparing the total activity (CO;

mean counts/hour) to food consumption (grams/day). Linear

regression analysis was done on the data points and it was

found there was no correlation between the total food can-

sumed by the animal and its total activity (r = +0.083).

The calculations were then taken a step further. The

kcals needed for the BMR and those which went into adipose

tissue were subtracted from the kcals contained in the food

the animal consumed. In these calculations the amount of

energy in adipose tissue was assumed to be 4.16 kcal/gram,

with a fattening efficiency of oatmeal =52%. The loss of

adipose tissue was assumed to be 100% efficient. Table 4

gives the result of these calculations comparing the total

activity (CO; mean counts/hour) to the food energy (kcal)

left after the BMR and fattening were subtracted from it.

From tables 4 and 3 it can be seen that there is no

correlation between the total activity (or the total activi-

ty minus the water drinking activity) and the food energy

available for total activity.
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Figure 10. Relation of food consumption (grams/day) to

total activity (CO; mean counts/hour)

Y = (0.001058 1 0.004002) x + (3.027 1 1.060)

2
r = 0.00694

r = 0.08332

Syox = 1.144
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III. SPECTRAL ANALYSIS OF HAMSTER MOTOR AND

WATER DRINKING ACTIVITY

Total Activity
 

In biorhythm data, statistically there tends to be a

high variance between animals since individuals are frequent-

ly out of phase. This confounds the interpretation of means

calculated from groups of animals, and for this reason data

from only a single individual must be analyzed first. Para-

meters defining the activity rhythms (i.e., amplitudes, fre-

quencies, phase angles and means) were estimated by a kind

of spectral analysis often referred to as periodic regres-

sion analysis (Norton, 1975).

The value found for the major period length (T) for

the experimental periods 1, 2, 3, 4, 7, 8, 9, 10 and 11

were all slightly greater than 24 hours having a mean of

24.15 i 0.15 hours, and varying from 24.01 hours in period

9 to 24.44 hours in period 11. The light-dim light photo-

period in this animal did not result in the slight increase

in period length observed in male hamsters kept in constant

bright light (Norton, ibid). Further, harmonics of the

circadian periodicity were less evident in this individual

than in the animals studied by Norton (ibid).

The average phase angle (Appendix 1) during the 24

hour light-dark and light-dim light photoperiods (periods

1. 2, 3, 4, 7, 8, 9, 10 and 11) was 340.6 i 8.4 degrees

with an average crest time (Appendix 1) Of 2242 (10142 PM),
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in other words 1.31 hours before midnight, with a standard

error of i 0.56 hours.

Significant changes in both mean activity levels (CO)

and circadian amplitude normalized to their respective means

(C24/CO) were observed during periods 9 and 10 (LDL16;8)°

Exposure to light-dim light (periods 9 and 10) resulted in

a significant decrease in total activity counts (Table 3)

from a mean of 287 1 13 counts per hour for periods 1, Z, 3,

4, 7, 8, and 11 to a mean of 125 i 9 counts per hour, and

a significant decrease in normalized circadian amplitudes
H
-

(C24/C0) from a mean of 1.11 0.05 (periods 1, 2, 3, 4, 7,

H
-

8 and 11) to a mean of 0.538 0.023 for periods 9 and 10.

This effect seems to be transitory since both parameters

recovered in period 11 when a control lighting regime

(LD ) was once again imposed.

16:8

The data from periods 5 and 6 (LDLD8z4zsz4) showed no

significant circadian (24 hour) peak in total activity

counts (Table 3), rather a 12 hour peak was observed. The

average value found for period lengths (7) was 12.04 hours.

This effect seems to be transitory since this parameter re-

covered in period 7 when control lighting (LD16z8) was once

again imposed. The average phase angle (Appendix I) occur-

ring 1.09 hours before noon and midnight. The values of

levels (Co) for tncse two periods averaged
mean activity

252 1 17 whicn is not significantly different from the val-

ue of 287 + 13 observed as the mean for periods 1, 2, 3, 4,

7. 8 and 11. The normalized 12 hour amplitude (ClZ/CO)
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were averaged and found to be 0.94 which is not significant-

ly different from 1.11 I 0.05 observed as the mean for nor-

malized circadian amplitudes from periods 1, 2, 3, 4, 7, 8

and 11.

In summary, it was observed that there were signifi-

cant changes in both mean activity levels (CO) and normal-

ized circadian amplitudes for periods 9 and 10 from the

control values. Periods 5 and 6 showed a 12 hour peak

rather than a 24 hour peak. Other than these observations,

the other parameters from period 5, 6, 9 and 10 were not

significantly different from those of the control periods.

Water Drinking_Activity
 

The observed mean value for‘T'in the analysis of water

drinking during periods 1, 2, 3, 4, 7, 8, 9, 10 and 11 is

23.97 I 0.22 hours, varying from 23.47 hours for period 10

to 24.31 hours for period 1. During the light-dim light

photoperiods (periods 9 and 10) a slight decrease in the

period length for water drinking activity was observed.

This decrease was most pronounced in the second lO-day

light-dim light period (period 10). This effect seems to

be trnasitory since the period length recovered in period

11 when a control lighting regime (LD16:8) was once again

imposed.

The average phase angle (Appendix 1) during periods

1, 2, 3, 4, 7, 8, 9, 10 and 11 was 320.7 t 30.5 degrees



63

with an average crest time (Appendix I) of 2123 (9:23 PM),

in other words 2.62 hours before midnight.

No significant change in mean water drinking activity

levels (CO) were observed during periods 9 and 10 (LDL16;8)’

however, period 1 had a count twice as high as the average.

The average of the mean water drinking activity levels for

periods 2, 3, 4, 7, 8, 9, 10 and 11 was 93 i 4, and that

for period 1 was 190 i 17. A significant change in the nor-

malized circadian amplitudes (Cz4/CO) was observed during

period 9 and 10 (LDL16:8)'

Exposure to light-dim light (periods 9 and 10) re-

sulted in a significant decrease in normalized circadian

amplitudes (C24/CO) from a mean of 0.685 t 0.030 (periods

1, 2, 3, 4, 7, 8 and 11) to a mean of 0.367 t 0.016 for

periods 9 and 10. This decrease was again most pronounced

in the second lO-day light photoperiod (period 10). This

effect was reversed only partially in period 11 when a con-

trol lighting regime (LDloz8) was again imposed. The

C24/CO value for period 11 was 0.405 which is well below

the average.

The data from periods 5 and 6 (LDLD8:4:8:4) showed no

significant 24 hour peak in water drinking activity counts

(Table 3). Rather, a 12 hour peak was observed. The aver-

age value found for period length CT) was 12.03. The dis-

appearance of the circadian period seems to have been tran-

sitory since it reappeared in period 7 when control light-

ing (LD16°8) was imposed. The average phase angle



 

64

(Appendix I) was 351.8 degrees having an average crest time

(Appendix I) occurring 1.08 hours before noon and midnight.

The values of mean water drinking activity levels (CO) for

these two periods averaged 92 i 5 which is not significant-

ly different from the value of 93.4 observed as the mean

for periods 2, 3, 4, 7, 8, 10 and 11. The normalized 12

hour amplitude (ClZ/CO) were averaged and found to be 0.653

which is not significantly different from 0.695 observed as

the mean for normalized circadian amplitudes from periods

1, 2, 3, 4, 7, 8 and 11.

Water drinking activity in periods 9 and 10 (LDL16:8)

showed significant peaks in period lengths CT) other than

the 24 hour peak. In period 9 a significant 2.60 hour peak

in water drinking activity was observed. In period 10

several significant peaks in water drinking activity were

observed, these were 30.43 hours, 25.65 hours, 13.09 hours,

4.50 hours and 2.86 hours.

In summary it should be noted that period 1 had a CO

value significantly greater than the control periods. Per-

iods 5 and 6 had a 12 hour peak, not the circadian rhythm

observed in the control periods. Periods 9 and 10 showed a

slight decrease in period length, and a significant decrease

in the c24/CO ratio. Also, in periods 9 and 10 significant

period lengths other than the 24 hour circadian peak were

observed. All the parameters, except the C24/CO ratio

(Periods 9 and 10), returned to control levels when a con-

trol lighting regime (LD16:8) was once again imposed.



 

DISCUSSION

In this study a young male hamster's total activity,

water drinking activity, water consumption food consumption

and weight changes were recorded for twelve lO-day periods.

The conditions during these periods were altered in differ-

ent ways (mainly by changing the light-dark photoperiods)

and the effects these altered conditions had on the total

activity, water drinking activity, water consumption, food

consumption and weight of the hamsters were noted. To help

clarify this discussion two tables were prepared (Tables 5

and 6) from the data.

The first calculations of food and water consumption

(Table 1) revealed few things of interest and generally no

trends. However, when water consumption, total available

water and food consumption were corrected to body weight to

the 3fllpower (giving an approximation of surface area) cer-

tain trends do show up. The most outstanding observation

is the effect time had on these parameters. The effect

which aging had on the hamster was determined by running a

linear regression analysis of these parameters against time.

A listing of the results follows.
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1. Relation of water consumption (g/kg3/4/day),

Y, to time (periods l-ll), X.

Y = (-1.767 1 0.228)X + (60.2 i 1.54)

r2= 0.870

r = 0.933 (highly significant)

2. Relation of total available water (g/kg3/4 /day).

Y, to time (period l-ll), X.

Y = (-2.096 t 0.334)X + (77.4 1 2.26)

r2= 0.814

r = 0.902 (highly significant)

3/4/c1«'=l>').Y.3. Relation of food consumption (g/kg

to time (period l-ll),X.

Y = (-0.560 I 0.206)X + (28.6 1 1.399)

r2= 0.450

r = 0.671 (significant)

From the observations, it is suggested that the regulation

of drinking has reference points adjusted to the relative

surface area, to food intake and probably to changes in

body composition. It is also suggested that these physio-

logical variables can be altered both by age of the animal

and by exposure to different lighting schedules.

A fourth parameter which has shown to be related to

time, by linear regression analysis, was the circadian per-

iod length 07) of the water drinking activity data. As

The results

time passed, the period length (71 decreased.

0f the linear regression analysis follows.
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1. Relation of water drinking activity period length

(1’, in hours), Y, to time (periods l-ll),X.

Y = (-0.042 t 0.016)X + (24.24 1 0.11)

r2= 0.498

r = 0.706 (significant)

A chi-square analysis was done between periods 2

(12/8/75 - 12/17/75) and 11 (4/19/76 - 4/18/76), both of

which were control periods. This analysis revealed a sig-

nificant difference between these two periods, even though

all the conditions, except for the age of the hamster, were

the same. The number of short intervals is increased and

the number of long intervals is decreased in the aged hamster.

Isolation for a hamster is an abnormal state and at

this point it may be worth noting that the isolation the

hamster experienced during the course of the experiment

could have an effect on many of the parameters measured.

Chi-square analysis of the interpeak intervals between per-

iods 2 and 11 showed these two periods differed a great deal

even though both periods had control lighting regimes

(LD16°8)° These two periods were separate in time by about

three months, which is a fairly short period of time. It

is questionable whether aging along can cause this large

change. It may be more reasonable to assume that a combin-

ation of aging, isolation and past lighting history causes

this change. Linear regression analysis has shown that

3 4
.

changes in water consumption (g/kg / /day), total available
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water (g/kg3/4/day), food consumption (g/kg3/4/day) and the

water drinking activity period length (r) can be observed

as a function of time. These changes, though not as great

as the change observed in the interpeak interval data, can

probably also be attributed to the combined effect of aging,

isolation and past lighting history. The effect of isola-

tion could be corrected by placing two hamster in one cage.

The combination of the parameters for two hamsters, however,

would tend to confound the interpretation of the data.

The average interpeak intervals for water and drinking

activity and total activity are listed in Tables 5 and 6.

The average interpeak intervals for water drinking activity

(periods 1-11) is 3.00 i 0.06, with an average interpeak

interval for total activity (periods l-ll) of 3.05 i 0.06.

The existence of these 3 hour peaks in the interpeak inter-

val data points to the existence of a rhythm, other than

the circadian rhythm. In fact, the total disappearance of

the circadian rhythm in periods 5 and 6, puts its actual

existence in question. Even when the circadian rhythm dis-

appears, however, these 3 hour interpeak intervals remain.

These 3 hour peaks in water drinking activity are especial-

ly interesting since urination in rats produces a period-

icity of about 3-4 hours (Richter, 1965). Since water

drinking activity and urination are the two major parameters

involved in water regulation in the body, the same or simi-

lar neural mechanisms may be involved in controlling both

of them.



73

These 3 hour interpeak intervals for water drinking

activity and total activity are probably superimposed on

the circadian rhythm. During darkness the 3 hour interpeak

intervals probably occur at a raised level. During the

hours of light the 3 hour interpeak intervals probably occur

at a lower level. This would produce a figure as follows.

/\[\A/\/\

VVVVV

 

The total activity seems to be controlled better by

circadian rhythms than the water drinking activity is.

This idea is supported by the fact that the C24/CO ratio,

for total activity is significantly larger than that for

water drinking activity (Tables 5 and 6). Also, in periods

5 and 6, 29.7% of the water drinking activity counts

occurred during the 4 hours of darkness surrounding mid-

night, 40.9% of the total activity counts occurred during

these same 4 hours. Only 22.2% of the total activity counts

occurred during the 4 hours of darkness surrounding noon

and 20.4% of the water drinking activity counts occurred

during these same 4 hours. Even though the peak at mid-

night was greater, time series analysis showed no sifnifi-

cant 24 hour peak. Also, for water drinking activity the
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phase angle (fl) and crest time (C.T.) were much more vari-

able than those observed in the total activity data (Tables

5 and 6). In periods 9 and 10 (LDLl6z8) the water drinking

activity data showed several peaks other than the 24 hour

peak. This is probably caused by a dissociation of circa-

dian rhythm, seen in content light (Norton, 1975).

The quantity of water consumed during periods 5, 6,

9 and 10 remained essentially the same as that consumed

during the control periods. However, when a chi-square

analysis was run on the interpeak intervals, it was found

that these four periods did not at all resemble the control

periods. This seems to indicate the possible existence of

two different neural mechanisms controlling the water intake

of the hamster, one which controls how much he drinks and

one controlling how often he drinks. This idea was further

supported when a chi-square analysis of the interpeak inter-

vals from period 12 was run. The animal was kept on a con-

trol lighting regime (LD16:8)’ but no food was supplied to

the animal so its water consumption would decrease. Period

12 was just the apposite of periods 5, 6, 9 and 10. The

interpeak interval data from this period resembled that of

the control periods, however, the quantity of water consumed

during period 12 was significantly different from the quan-

tity of water consumed during the control periods.

A study by Stetson (1976), on the hamster, shows that

the suprachiasmatic nuclei may be a primary oscillatory

regulating a variety of rhythms, or a coupled oscillator in
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in a two-or multioscillator system. This may possibly be

the neural mechanism controlling how often the animal drinks.

The quantity of water consumed is probably controlled by

the hypothalamus through a combination of cellular and extra-

cellular mechanisms.

Fitzsimmons and LeMagnen (1969) showed that in the

rat there was a very close temporal relationship between

eating and drinking. At least 70% of the total intake of

water is drunk just before, during and immediately after

meals. The close relationship of eating and drinking was

observed in this study also. There was a highly significant

positive correlation between the average daily food consump-

tion and the average daily water consumption. This food-

associated drinking may be a learned response based on pre-

vious experience of the dipsogenic properties of the diet

which enable an animal under stable conditions to anticipate

its future water requirements by drinking appropriate

amounts of water at meal time. Starvation (period 12) of

the hamster caused a significant change in water consumption,

but it had little affect on the total activity or on the

water drinking activity.

Changing the light-dark photoperiods had the greatest

effect on the total activity of the animal. During the con-

trol periods (L016:8) the animal showed only one peak in

total activity, that occurring at or around midnight. While

being subjected to the LDL16:8 photoperiod (Periods 9 and

10) the hamster had only one peak in total activity that
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occurred around midnight, however, the mean total activity

counts per hour decreased to about one-half as great as the

control periods. This was expected since Norton (1975)

showed that hamster subjected to constant light had a sig-

nificant decrease in total activity. The C24/CO ratio also

decreased significantly in periods 9 and 10. This suggests

that several periodicities may be present whose period

lengths are near 24 hours. Dissociation of these period-

icities could cause a reduction in the C24/CO ratio of the

single 24 hour peak observed in periods 9 and 10 (LDL16z8)‘

It was observed that there is some variation in the

different parameters studied. From the observations, it is

suggested that the regulation of drinking has reference

points adjusted to food intake and probably to changes in

body composition. Food consumption is probably regulated

by changes in body composition also. Water consumption,

3”/day)

tend to decrease as the hamster ages. However, the physio-

total available water and food consumption (g/kg

logical needs of the animal must be met. Therefore these

data suggest that the physiological requirements of the ani-

mal (food and water) can be altered by the age of the ani-

mal and by exposure to different lighting schedules. They

also suggest that aging of the animal causes a decreased

need for food and water.



SUMMARY AND CONCLUSIONS

1. Lighting regimes different from normal control

lighting (Lnl6z8) seems to cause a variation from normal in

the water consumption of the animal.

2. Chi-square analysis of the interpeak interval

data, compared to the water consumption, seems to show the

possible existence of two different neural mechanisms, one

contorlling the frequency of water drinking and the other

controlling the amount of water consumed.

3. The daily water consumption is not related to the

average hourly total activity (CO), however, the total

activity is related to the water drinking activity during

the hours of darkness, and to those bordering darkness, for

this particular hamster.

4. There was a highly significant positive correla-

tion between the water consumption and the food consumption

of the hamster during each of the periods. This 15 expected

since approximately 70% of all water drinking is associated

with eating (Fitzsimmons and LeMagnen, 1969).

5. There is no demonstrable correlation between the

weight gain of the hamster and the food energy available

for weight gain.

77
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6. There is no correlation between the food consumed

by the animal and its total activity.

7. Water drinking activity and total activity both

show an average interpeak interval time of approximately 3

hours. These 3 hour peaks are probably superimposed on the

circadian rhythm.

8. Spectral analysis of periods 5 and 6 show a total

disappearance of the circadian rhythm. A significant 12

hour peak replaces it.

9. The decreased C24/C0 ratio observed in periods 9

and 10 (LDL16°8) may be due to the dissociation of several

periodicities which have 24 hour peaks.
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APPENDIX A

Total water consumption

Tot. H O = H20 intake + Food H2 20 + Metabolic H O +
2

H20 from fat loss

H20 formed from different foodstuffs (Schmidt - Nielsen,

1964)

Food type Grams of metabolic H20 formed

per gram of food metabolized

Starch 0.556 grams

Fat 1.071 grams

Protein 0.396 grams

Oatmeal composition (100 grams) (Best Taylor, 1966)

H20 (%) Carbohydrate (gm) Fat (gm) Protein (gm)

8.3 69.4 7.4 14.2

Water from 100 grams of oatmeal

Free H20 8.3 grams

From Protein 5.623 grams

From Fat 7.925 grams

From Carbohydrate 38.586 grams

Total H20 60.434 grams

H20/100 gms. food
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APPENDIX B

Sample calculation of the standard metabolism for the

hamster.

Weight of hamster W = 80 grams

w3/4(Kg) = 0.150

B = 70 W“4

B = 70 (0.150)

B = 10.6 kcal

Standard metabolism for an 80 gram hamster

B = 10.6 kcal
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APPENDIX E

Sample Chi-square analysis

interpeak

interval

observed

calculated

2 hr (obs.-calc.)

(obs.-calc.)2

(obs.-ca1c.)Z/calc.

3 hr

4 hr

5 hr and above

Pd 9

2.25

0.082

10

10.4

-0.4

0.160

0.015

Pd 10 Totals

obs. X2

37 60

§§;0

4.0

16.00

0.485 1.078

32 61

33;§

-1.5

2.25

0.067 0.149

13 23

1312

0.4

0.16

0.013 0.023

7 18

212

-2.9
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APPENDIX E; concluded

8.41 8.41

1.038 0.849 1.887

Totals
73 89 162 3.142

degrees of freedom = 3

P = 0.50 (3.142) 0.30 (see footnote)

There is no significant difference between periods 9

and 10.

footnote: this line is to be read as follows:

"The probability of finding a X2 value of 3.142 lies

between 0.50 and 0.30." This practice is followed through-

out the succeeding X2 tables.
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APPENDIX F

HP-65 LINEAR REGRESSION PROGRAM

(Stat 1-22A)

This program must be used in conjunction with Stat

1-05A, Sums for Two Variables, to fit a straight line

to a set of data points {(xi,yi), i = l,2,...,n} by the

least squares method.

The program computes:

l. regression coefficients a0, a1

 

z - zxizyi

x171 n
a =

1 2 (Exi)2

“‘1 ‘ ‘71—

ao = y - alx

where

— . iii
x n

_ 2Y1

Y = “’
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APPENDIX F; continued

coefficient of determination

[ zxizy. ]2

£x.y. - —————l

1 1 n

2 2
(z ) (By-l

[”12 ‘ r11 1 [W12 ' “:11

r2 can be interpreted as the proportion of total

 

r2

 

variation about the mean i explained by the regression.

In other words, r2 measures the "goodness of fit" of

the regression line. Note that 0 i r2 i l, and if

r2 = l, we have a perfect fit.

estimated value 0 on the regression line for any given

x

y = a0 + alx

standard error of estimate of y on x
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APPENDIX F; concluded

standard error of the regression coefficient aO

 

 

2
(2x.)

2

n [”1 ' +1

6. standard error of the regression coefficient a1

Note: n is a positive integer and n f l or 2.

References:

Applied Regression Analysis, Draper and Smith,

John Wiley 8 Sons, 1966.

Statistic in Research, B. Ostle, Iowa State

University Press, 1963.



Peril

2v

 



92

APPENDIX G

Results of chi-square analysis

 
 

Period # Conditions
D.F. X2 Pnull

2v

5 LD16:8

3

VS LD16:8

4V5
LD16'8

15 15.397 0.50 (16.397)(130

7v
°

Not significant

5 LD16:8

SVS
LD16:8

11
LD16:8

sz
LD , 3 9.412 0.025(9.412)0.01

16.8
. . .

Significant

11
LD16°8

Period 2 has a

°
mean length be-

tween peaks which

is longer than in

period 11.

2vs
LDl6z8

3vs
LD ,

6 1.746 0.95 (1.746) 0.90

16.8
. . .

Not Significant

4
LD16:8

7vs
LD16°8

3 4.933 0.20 (4.933) 0.10

'
Not significant

8 LD16:8

Svs
LD8°4°8°4

3 3.607 0.50 (3.60) 0.30

' ' '
Not significant

6
LD8:4:8:4

 



ierio.

9Y5

.
_
)

 



Period #

9vs

10

2,3,4,7,8
,llvs

5,6

2.3.4.7
,8,11vs

9,10

2.3.4,7
,8,11vs

12

lvs

2,3,4

2,3,4vs

5,6

APPENDIX
G; continued

Conditi
ons

D.

LDL16:8

LDL16:8

LD16:8

LD8:4:8z4

LD16:8

LDL16:
8

LD16:8

LD16:8
(n° food)

LD12:12

LD16:8

LD16:8

LD8:4
:8:4

LD16:8

LDL16:8

F.

3 3.142

5.471

2.864

4.640

0.606

6.751

7.109

Pnull

0.50(3.l4
2) 0.30

Not significa
nt

0.20(5.4
7) 0.10

Not signific
ant

0.50 (2.864)
0.30

Not signifi
cant

0.30 (4.640)
0.20

Not signifi
cant

0.90(0.
606)0.8

0

Not signifi
cant

0.10 (6.751)
0.05

"Signi
ficant

"

In periods
5 and

6 the time be-

tween peaks tend-

ed to be shorter

than the control
.

0.10 (7.109)
0.05

"Signif
icant

In periods
9 and

10 the time be-

tween peaks tend-

ed to be longer

than the control
.
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Period #

llvs

12

1. T.A. vs

W.D.A.

2. T.A. vs

W.D.A.

3. T.A. vs

W.D.A.

4. T.A. vs

W.D.A.

5. T.A. vs

W.D.A.

6. T.A. vs

W.D.A.

7. T.A. vs

W.D.A.

8. T.A. vs

W.D.A.

9. T.A. vs

W.D.A.

10. T.A. vs

W.D.A.

ll. T.A. vs

W.D.A.

12. T.A. vs

W.D.A.

VS 3 versus

. Under Pnull
rlght of the E X2
Pnull value lies. These
footnote, Appendix E).

IIP““““""--Illue:3—r

APPENDIX C; concluded

Conditions

LD16:8

LD16:8(n° food)

LD12:12

LD16:8

LD16:8

LD16:8

LDLD8:4:8.4

LDLD8:4:8:4

LD16:8

LD16:8

LDL16:8

LDL16:8

LD 16:8

LD 16:8(no food) 3

x2

.268

.340

.536

.578

.001

.708

.475

.501

.246

.511

.149

.571

.492

0.7

Not

0.7

Not

0.7

Not

0.5

Not

(2.268) 0.50

significant

(1.536) 0.5

significant

(1.578) 0.5

significant

(1.578) 0.5

significant

(2.001) 0.5

significant

(1.708) 0.5

significant

(1.475) 0.5

significant

(2.501) 0.3

significant

0.98 (0.246) 0.95

Not significant

0.95 (0.511) 0.90

Not significant

0.80 (1.149) 0.70

Not significant

0.50 (2.571) 0.30

Not significant

0.95 (0.492) 0.90

Not significant

, the Pnull value to the left and the

are the values between which the actual

can be read as indicated earlier
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APPENDIX H

Spectral analysis values for the amplitude of the 24

hour peak found in total activity and water drinking

activity.

T.A.Period # C24(Tot.act.) 024(Wat.Drink) C24(minus WIIA)

Hamster #1

Days 1-10 458 t 50 39 i 11 421

1-15 395 t 43 32 1 9 363

Hamster #2

1 341 t 26 152 1 15 189

2 222 t 18 58 t 7 164

3 327 i 45 72 i 7 255

4 298 i 21 81 i 7 217

*5 *262 t 24 *64 i 7 *198

*6 *226 i 15 *68 t 6 *158

7 315 i 21 60 i 6 255

8 230 t 14 56 i 6 174

9 69 1 9 41 1 7
19

1° 75 i 9 26 r 49

11 478 t 53 47 1 7 431

* o

PerlOdS 5 and 6 values are taken from the 12 hour
Pea . ,k occurring

in these periods,
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