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During the first two weeks postpaftum, the lactating Norway rat’

. .

| shows a gradual deéline‘ in the amount of tiﬁe that she spends in
contact ﬁith ng'litter. This decline resultis frum_a gradual‘decrease
in the duration of,indibiéual,nest bouts rather than in their
frequency. This normal nesting pattern is disrupted following
adrgnalectomy-ovariectomy (Adex-Ovex) and prolactin suppression (Leon,
Crbskerry & Smith, 1978). Since the effects on nesting behaviour
producéd. by these manipulations are accompanied by a decrease in
matgrnal core ltemperature 1t has been suggested,k that the normally
elefated core temperature of lactating dams rendérs them vulnerable to .
an acute rise in temperature during alnest bout and the dam terminates
t nest boul to maintainlher thermal homeostasis.

The purposé of this dissertation was to: 1) identify those
‘hormones sufficient to maintain normal nest time; 2) determine the mode-
of action of those hormones and 3) determine tﬁe relative importance of
thermal factors in limiting nest bout duration at different stages
postpartum. Glucocorticoids were -igentified as sufficient adrenal
factors to reinstate the normal nestiné pattern and body temperature of

_Adex-Qvex dams. Moreover, hormone-replaced females had the normal,

additional rise in temperature ng Day 10 nest bouts, whereas

Adex-0Ovex females did not. These data not only support the notion that
. - < . |
a rise in dam core temperature during a negt bout produces bouts of

shorter duration but they also indicate that the elevated core
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Lemperature typical of lactating dams makes 'them vulnerable t¢o the

acute thermal effects of huddling. l

lProlactin-suppr%ssed dams show a halt in tﬁe decline in daily
nest ‘time. in the second week fostpartum which is accompanied Iby a
reduction in maternal core temperature.' It hasWbeen suggested thgﬁ
ﬁhe effects of prolactin suﬁprgssion, are ‘médiated by a consequent
depression in corticosterone levéls, rather than a direct effeét of the
absence ‘of prolactin (Leon; \Gréskerry & Smith 19?8). | Experimenté

described in this thesis show that, as predicted, corticosterone

replacement in prolactin-suppressed dams rainstated a normal- decline of

.daily nest time and increases their core temperature. However,

corticosterone may act Dby compensating for some of the metabolic
actions of prolactin, because prolactin-suppressed dams actually had

inereased levels of circulating corticosterone.

Reinstatement of maternal heat load by warming the maternal.
huddles reinstated normal patterns of nesting behaviour in Adex-Ovex
and prolactin-suppressed dams. Indeed, warmed Adex-QOvex dams had an

acute rise in core temperature during nest bouts, similar 'to that seen
P , ,

in intact dams.

- P,

The question of -the relative importance of thermal cues in
!

inducing nest bout *termination at- different stages postpartum was
determined bf,_comparing'-;he changes in -core temperature that dams

experienced during nest bouts in. the first and then the second week

,

postpartum. Thermal factors played little role in limiting the nest

r ]
bouts of Day 4 dams, but by Day 10, the percentage of nest bouts during
which dams experienced a rise in core temperature had increased to 95%.

(iv)



Moreovér, the tété of increase in mateﬁnal éoré tempebatufé during a
Day 10 nest bout was significantly greater than that experienced on Day
. . :
The data obtained indicate 1) glucocortlcoids plus prolactln
are’ suffl;ien» Lo ;alnualn the normal patiern of nesting behaviour in
the lactating rat; 2) horﬁonal influences on nest time are thermally
'mediaﬁe¢ 3) thermal faciors ‘increase their coniribution to the
lzmltauion of mother-litter contact over uhe first two weeks posupartum
such vhau they result in »he gradual decline 1n‘da11y nesting time that

is typiecal of this species.
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- _ Introduction :
Altriecial mammallan y0ung are excluszvely dependent on their

~

mother jfor the dellvery; of food and warmth, which can only be

accoﬁpiished when the mouher and her young come into contac». ;In the
days 1mmed1ately followlng parbugillon ﬁbrway rat dams spend nearly
80% of the day in contact with their 'litteré, but, as ihe yoﬁng
debelop, there is a steady decline in daily nesting timé This decline
results }ram a decreasé‘in the duration of 1nd1v1dual nest ing bouts

rather than in the fréquency of thgir occurrence (Ader‘and Grota, 1970;
'Croskerry Smith & Leon, 1978;}Croskerryt Smith, Leon & Mitqhell, 1976) .
The onus for nest bout termindtion and, therefore, the total

daily nest time rests with the mother during the firs: two weeks

- postpartum, . since pups continue Yo suckle for as long as the nipples

‘- are profferred (Wakerley and Lincoln, 1971). The mother does not -Seem

o terminate nestipg bou?s.in response to cues associated with milk
delivery,.since mothers whose nipples éne séaled exhibit a virtually
normal decline in daily nesting ~time (Leon, Croﬁkerry & Smith, 1978).
Rather, mothers seem’fgf?egpond to increases ‘in their own temperature
that they experience during conéact with their young, by limitihg the
durati®dn of nest bouts QGration. .CroSkerrx, Spiih-& Leon,. 1978 have
suggested that when dams initiate a nes* boug; they effec£ively Join a
huddle and thereby occlude a2 portion of their ventral surface that is
usually available for heat dlsslpabion The increased heat retention
of the entire huddle hrqughttabout by the mother-yo;ng contact.

" -
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eventually forces botb'maternal aﬁd pup teﬁgéraﬁures'to rise, éné the
rise ip materﬁal temperature indhces £hé‘mother‘to termingdte the nest
bout. The' duration of a neét bout would then be,iﬁfluehced by any
factor that changes the rate at which huddle temperauure and, thereby,

the temperature of the mother as a huddle member, rises. = Ambient

.temperature, insulation, and surface area to mass ratio of the huddle’

- as well as initial pup’ and dam temperature, are all such factors.

Figure la summarizes what I shall refer fo asiZhe acute aspect of Lhe

thermal mechanism, since the changes in maternal temperature are short-

lived. ) ‘ - ) -

. K i
It is impontant to note that the effects of the factofs that

- . -,

increase maternal heau load and, thereby, limit nest bout length,

L

should be EXpectgd to.be additive. For gxample, even if the insulation
"bf.the nest decreaséd, increasing the ambient or pﬁp fe@perature might
well provoke a maternal temperature rise that curtails nest bouts. IL
.is also important to ethasize that thermal factors are thought to set

an upper limit on bout duration, rauher than determlnlng bhe length of

every bout. Other, facuors“ such-as the need of the dam to eat, drink

urinate and defaecate; might also be expected fo play a role in nest

bout termination.

On the.thermal model of nest bout limitation, it is thought“tﬁ
be the development of the pups that preéipitates the progressive
decliine in daily nest time (Croskerry, Smith ‘and Leon, 1978). ﬁsxthe
pups develop, they become more efficient homeotherms both by virtue of

bhe mauuratlon of their chemieal uhermoregula»ory abilities and because

the surface area for heat dissipation of the litter decreases relative
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Flow diagrém summarizing a thermal mechanism for the

limitation of maternal nest bouts.

¢ +

a) Acute éomponehts:‘thermal events occurring within
a nest bout.

b) Cﬁronic component events influencing chronic maternal
temperature and'thereby_making the dam more vulnerable
to the events depicted in a.

.




B e

a. ACUTE COMPONENT

e - P K
| other joins '. maternal ; '.h " | maternal
mother joins . . y L
! ce area _forl, » T bout termination
the hudcjle-\:i at dissipation temperature -
. x ,
1.ﬁ‘ - . .
-~ .o w0 g rate of rise
N : | determined by:
1. ambient température
2. pup temperature at
bout onset
3. insulation of mother
4, surface grea/mass ratio
- of mother-litter unit .
o MmOt 7
. <
b. CHRONIC COMPONENT ' ~
maternal

’ prolactin e
. ~ A
M

—~ maternat maternal

: 11
. 11 .
developing pups o d 5} . metabolic T*- temperature f
: X rate _ at bout onset

maternal
adrenal 1‘
steroids




4
to the mass-of btissue prodﬁéigg'heat (Taylor,: 1960; Hahn, Koldo;sky,
Krecek, Martinek &-Vacék 1961) Huddle members, inc&udlng the mouher
thébeforé should retaln heat more efficiently as %he pups grow. Pup
growth would uhen ‘result in an increased rate of risé of:‘maternal
temperauure during neétipg, inducing shorter and ghorter.nest bouts, K
and producing the normal”graduél deélin;:fﬁzﬁaternal daiiy neéting time
‘ECroskerry,.-Smith & Leon, 1978). |

- Thermal anzlyses of the control of mobher-young contact would
explaln why danms spend more time with few or yoqu pups ;han with many
or older: pups (Grota, 1972), and why heavy bbdy weight mothers spend
 less time with their ‘young - than lighter . dams (Croskefry, 1975) .
Specifically, the larger surface area to volume ratio of small litters
wpuld produce a slower rate of temperature }ise.for the.huddle when tHe
mother is present, which éhould result in proionged nést boufs.
Similafly, lighter mothers would give rise to huddles Wluh larger .
surface érea to mass ratios than heavy mothers. Light dams should,
therefore, be expected to have a slowgr rate of Lemperature rise as a
member of the'huddle, and should have prolonged nest bouts.

X Theﬁe are cgnsiderable data which support the notion that
thefmal factors play =z #ole in limiting nest bou!t duration (Leon
Croskerry & Smith, 1978). Continuous recordings of the ventral and
core ﬁempergture of lactating females during nest bouts show that the
ventrai gndicore temperatures of theée rats, Hid, in fact, increase
when the, 4 s are with their pups. Mothers had abgreater bemperauure’j

rise in aM warm amblence than they d1d in a normal laboratory ambient

uemperauure, and nesting bouts were curtailed in the warm ambience.
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'Conversely, mouhers in a cool ambience did not expefience a temperauure *;l:
rise durlng éestlng bouts, and had very long bouts of conuact with
their young (Leon, Croskerry & Smith, 19781.. In addltion when the

‘ ability joi‘ dams to dissiﬁate heat was reduced physically by tail

. amputation, maternal n;st. time' decreased, and when -the laét;ﬁzgg

females were sh;ved to increase the ;ate of‘ﬁaternal-heat loss, nest

ti@e increased (Léon; Croskérry & Smith, f§78). ‘
fn addition té.describing the:acute }ole of thermal.factors'in
mother litter interactions which result in hest~bout limitation; Léon?

Croskerry & Smith, (1978) suggeéﬁed that the chronically elévated heat

prbduction of lactating ratﬁiextends the heat loss mechanisms of mother

rats close Yo their limit, foreing -a echronic rise in maternal -
témperature. The chronic elevation in‘mgternal bbd& temperagure Qas._
thought to mak?_the dams vulnerable %o th; thermal consequenée; of

huddling with yéung. L is with the control of the'chronic increase iﬁ..

3

materﬁal-heat load and its possible contribution to the limitation of

-,l

nest bout duration Wluh which I will be concerned in thls dissertation.
. Specifically, Leon, Croskerry and‘Sml‘h (1978) suggested tha;
when dams with bhls chronic rise in core uemperauure are subjected -to
the-addlblonal acute increase in heat Foet ention 1nduced by huddling‘
ﬁith the young, the dams experience a further increase in maternal heat
load, that cannot”be diminiéhed by attononie thermoregulatory
‘mechanisms alone. *Maternal temperature then rises fﬁrther; énd only
the behaviour of nest bout termination halts the. rise in ﬁaternal

temperature. The bg}e of thermal cues in limiting nest bout duration,

then, appear to result from an in‘eraction of chronic and acute thermal
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-influences on the'dam. There is evidence that is consiSuent with this

view. Lactating females, for example have an extraordlnarily high

meuabollc rate. Brody, nggs, Kaufman and Herlng, {1938) demonstrated

" that peak me»abolzsm in the lactating rat is approximately twice that

of the normal gestational female. Such a high level of heat production

must represent an ex»raordinary challenge to -the organism's thermal

homeost351s. Hobher; can partially pompensate for this high rate of
heat production both by activating physiologicel heat loss mechanisms,
such as increased blood flow to the skin (Chapwin, Linzell & Setchell,

1969), and by initiating behavioural thermoregulatory mechanismé such

. .
'\.

as choosing a cool enviraonment (Gelineo and Gelineo 1952). However

these heat loss mechanlsms are nobt completely effeculve in dlSSlpatlng

the -additional heat load incurred durlng the maternal episode 'and'

maternal body temperatupe rises and remains.chronically elevated {Leon,

o

Croskerry & Smith, 1?78).

What factors are involved in stimulating mgternal heat
productidn? ternal hypermetabolism doe; not appear to reflect eolely
the energy-'demands of milk prduction, for totall; mammectomise¢
postparturient females shgwea the same inereased tissue oxXygen
eonsumptioﬁ levels as intaet lactating rats (Denckla and Bilder 1976).
Rather, the existing evidence suggests that hormonal aculon stimulates
the eleva-ed metabolism of lactating females. Disruption of the
normally high levels of adrenal. steroids and prolactin in moeher rats

-

depressed maternal metabolism, as reflected in a fall in maternal

‘temperature. Consequently, hormone dlsrupuion was also accompanied by

a chronlcally elevaeed daily nest time (Leon, Croskerry & Smith, 1978).

“l
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ASpecifically, adrenalectomised females' had a chronically low core

. ———
"

temperature and a chronically elevated nesting time, failing to show
the normal daily. deqliné in contact with the ypung. Prolactin-

suppressed females had a relatively low core temperature in the second

week‘péstpartum when coqpared L0 normal dams. Itlsﬁs during this time

. - . . ’ N
that prolactin-suppressed dams cease 4o show a further declineg jin nest
. Coe - LRI
time. Ovariectomy had no effects on either nes: iime or dam core
temperature and'adrenélectdmy-ovariectomy resulted in a pattern of nest

time and dam core temperature simtlar to that of  adrenalectomy alone

+

(Leon, Croskerry & Smith, 1978). Adrenal hormones, and perhaps
prolackin, therefcre,_appear to be necesséry for the display of the

g } ‘
normal “decline in nesting time, and seem to have their effects by

K

inppg§sing maternal core temperature and thereby rendering the dam
. ,;' N . .

DN .

vuinerable to the acute thermal effects of huddling witp her litter

(see Figure 1b). Leon, Croskerry & Smith {1978} hypothesifed further™

that -the effeets of prolactin on nest time are not direct, but rather
are mediated by changes in adrenal hormone levels. This indirect rqle
of prolactiA in maintaining the dailyldecline in nest time is indicated
.by the dotted arr'owl marked "1° ip Figu?‘e 1.

It should be noted, that while the duration of mother-litter-

contact is dependent on endocrine*secretions during the first two weeks

postpartium, the absence of hormones has little effect on whether .or not
dams display the various other. components of maternal behaviour once
they have been established. Adrenalectomised, ovariectomised and

prolactin-suppressed females still show all “he components of maternal

o e
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- behaviour typical of the intact female (Numah, Leon and Moltz, 1972;

. Thoman and Levine, 1970).

While there is considerable evidence for the acute role of

.

thermal factors in limiting nest bout duration,” the ev;deﬁce

implicating hormones in the control of_nest bout duration comes sblely

from extirpation studies which revealed an inverse correlation between

nest time and maternal core temperature. In order to. draw firm

conclusions abou® the nature of physiological mechanisms, however, it

is necessary to obtain a consistent pattern of results using a variety

of experimental methods. . Specifically, one must identify a particular

.hormone capable of restoring the pormai physiological and behavioural

state in animals whose endogenous hormones have been experimentally-

disrupted. Successful réblacement with a specific hormone in sucﬁ
animals allows.one to conclude that the system has én endéqrine basis,
rather than, for example, a neural contro;- Thus, the "first part of
-this dissertation is devoted Lo identifying by means of hormone
~replacement those adrénal hormones that are sufficient to maintain the
typical decline in nesting %ime in lactating dams, The role of
prolactin in maiﬁtainiﬂg thi; behéviﬁur was then assessed, using both
replacement and assay studies. Since the proposed mechanism limiting
nest bouts involves a thermal mediation of endocrine action, rather
than a direct central aection of hérmones, a second stagé of replacement
:was undertaken to verify this aspect of the con‘rol system; Here,
hormene-disrupted dams were replaced, no;’with.ﬁormones, but with heat.

In the second part of this thesis, the heat load of adrenalectomised-

ovarieclomised and prolactin-suppressed dams was, therefore, increased
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.and ‘the abiliiy of tLthermal replacemeh§ “to f?einstiﬁute the normal

‘decline” in maternal nesting was assessed. Finélly, I determined

whether the presumed increase’ in thermal load on the mother, actually
occurs to produce_the-gradual decline in nest time over the course of

the first two weeks after the birth of the young.

e




s

on adrenal steroids. S

Chapter 1
Hormonal Influences on Nest bout duration

Introduction o - : :

Lo

Removal of the ad;enal gland prevents the normal deciine in.

maternal nesting behaviour in the first two weeks postpartum. " In the

»

studies described below, I identified adremal factors sufficient to

1

' 'produce the progressive daily decline 4n nest time in the first two

weeks postpartum. In addition, since preolactin suppression prevents
the decline in nest time in the second week only, I determined whether
prolactin plays a direct role in producing ‘the decline during that

period, or if the effects of prolictin are mediated by a trophic effect

T TN

I was specifically'ingé;estéd in whether'ﬁhese hormones make
the dam Qulnerable £o an acute rise in core témperature when she is
with her pups by chronieally ;levating maternal core temperature. Any
hormone regimen that reinstateg the normal decline in nest time should,
according to this proposition, also increase the heat load of these
dams. This hypothesis was ex;ﬁined by détermining the‘ effects of

various hormone states on maternal temperature.
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. Experiment 1

Adrenocortical hormone replacement: Effects on daily nest time

Kdrenalectomy—oﬁariegtomy (Adex-Ovex) on Day 1 postpartum .

revents the normal decline in daily nesting time> and the normal rise
P . .

in core temperétunejgeéh'in intact 1actatinngats (Leon, Groskerry &
Smith, 1978). Neither ovariectomy nor adrenal demedullation interfered
with normal nesting'behaviour, but %otal adrenalectomy produces

behavioural and thermal effects similar %o those of adrenalectomy-

-

ovgqiéh@omy (Leon, Croskerry & Smith, 19]3). Apparently, then, loss of
S 7 .

T

adbéﬁﬁc§;tic§l secretions produces gn,immediate disruption of nesting
behav%ougfghile chroniéally suppressing maternal body temperature:

» -In or&er to .conclude that the hormones of the adrenal cortex
rather-than-some other secretion or action of the adrenal gland are
eritiecal fdr the maintenance of normal maternal nesting behaviour, the
active adrenal substance that mediates néstiqg .behaviour has to be
identified. Hormone replacement following gland ex$irpation was ?he

v

method chosen to determine <the identity A of that substance. The

experimental strategy employed here was to determine first the effecis

of Adex-Ovex on nestiﬁg behaviour, and ¢then to initiate hormone
replg?ement in Adex-0Ovex females. The ovaries were removed along with

the adrenals in these studies to preclude any confounding, compensatory

/

’

effects of ovarian hormones. Since there was no reason, a priori, to

suspect one of the many adrenocorticzl stericds as being critical for

e

‘the normal decline~in maternal nesting time, a selectiop of hormones,

known. to be secreted by the adrenal cortex was administered to Adex-

<
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ngx.dgms to determine the :Lw{:acy of each ih-reinstating this aspect

of maternal behaviour, Replacemént therapy ﬁas instituted with.

-

- -t
- . . . . e -~ - . .
aldosterone, the domlnant mineralecorticoid in the-raﬁ,-which is known

to play an important role in mllk secretion (dele and Folley, 1961)-"

with cortlcosterone, the dominant glucocorticoid- in the rat (Bush,

-

1951, 1953); with cortisol, whieh is another glucocorticoid, found %o

maintain nammary enzyme activity in the rat (Plucinski and _Baldﬁin
1976), and with progesterone, which is A precursor of all three of the

other hormones (Turner, 1966).

- General- Method

Subjééts .

Slxueen virgin W1suar females supglled by Canadlan, Breediné
Faﬁms (St. Constant, ngbec) weighing 225 - 250 gms served as subjeqts
%n each study. A
Apparatus_

> . .

Each mother reared her litter in ‘a cage in‘ which 1t was
possible to record maternal nestiné behavioyr continqusly (Croskerry,
Smith, Leon & Mitchell 19765. Each plastic-caée (34 x{29‘x 17 cms) was
fitted at oné end with a tray (28‘x-12 cms) that wak balanced oﬁ a

| .
fulerum. On one side of the Efay, was a nest box (11 X 14 x B cms)
which could be counverbalanced with weights o accommodaue inereases in
litter weight. When the dam entered the nest box, thé tray tilted and
a2 microswitch was acﬁivated, ciosing a relay circuit which both
advanced f.counier to'rééord nest bout f?equency, and started a_clock

to record cumulative nest *ime. A 5 sec delay was built into ‘the relay

circuit to eliminate activations of the circuit by the mother that did
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not involve contact with the young. The small size “of the nest box

R Y -

ensured that when the mobher was in the nest box she was, in fact) in

contact with her litter, Experlmenter observations of mother young

-

contaet in this continuéus_recording apparatus yielded‘records
virtually identieal to those of the automated system (Croskerry, Smith,
Leon &'Mitdhsllt 1976).' ALl the dams placed their litters in the nest
box and the young usually attached Lo the dam's nippies shortly-after

nest bout initiation. ‘Ad lib food and flu1d were avallable Tn the cage

-
8

but were only acce551ble from outside the nest box.

Procedures

~ -

-

tudy la - Adrenalectoﬁy-Ovariectomy
: ’ ’
Virgin.female rats were maved in group cages and 19 - 20 days
later placed individually into nest ing time recording cages (descrlbed

above). The females were paired on the day of birth (Day 0) with one

- dam of the pair assigned to the adrenalectomised-ovariectomised group

(Adex-Ovex)} and the other to the sham-operaued group (Sham-Op). On Day

1 pos .partum, animals in both groups were anaesthetlsed with a solution

r

of 0.97% Pentobarbital and 4.25% Chloral Hydrate (0.25 ee/100 gms body

weight). Each animal in the Adex-QOvex group wWas. bllaterally

-

A o]
adrenalecuomlsed-ovarlecuomlsed via dorsal incisions, and rats in-‘he

Sham-0p group were anaesuheblsed, but only had bilateral .-incisions made

..in the body wall.

Litters were reduced in number ¢+o eight pups on the day of
birth. To ensure both that Sham-0p and Adex-Ovex mothers had
equivalent pup stimulation, :and to maintain healthy pups, all litters

were swilched daily between experimental and control mothers znd a



i
mhltiparous dam who had given birth on theé same day. Hhen the litters.
were swltched, care was taken to ensure that both Adex-Ovex and Sham-Op

' mothers had litters of approxlma»ely the. dame weight. Adex-0Ovex

-

females were aut0p51ed ‘at the end of the experiment to determine

whether any adrenal regeneration had occurred.

- Nest time and frequency were transcribed at 0900 hr (lights on)

-

and 2100 br (lights off) daily for 13 days from day 2 postpartum.

two- way analysis of .variance with one related measure was
‘performed on all ‘he measures taken. The data were first con&ensed'by_‘
finding the average for .each subject for each dimension of aays-2 -y, -
5 - 7,8 - 10, 11 - 14. This manipulation decreased the dégFEES of

freedom, thereby making the analysis more conservative, bub m%nimised_

~
-

problems due to missing data occasionally caused by equipment

malfunction. . In order %o Qvercome problems due to the assumption of

e . /
hONOSGBEIuy of covaria ce qﬁgause measures were taken over time, the )

- AN
T

Gelsser-Greenhouse anse aulve F-test was used when determining the

significance levels. of the ' ratios obtained for related -faectors

(Winer, 1962). . !
cudy 1b - Aldosterone Heplacqunz

The eight females in the Adex-Ovex + Aldosterone group were
operated as described in.Study la. Beginning on Dbay 1 postbartum, Lthey
were glven a subeut -aneous injection of 0. 03 mg aldosberone (Slgma
‘Chemical Co.,) in 0.2 ce o0il vehiecle daily at 1700 hr. This dose of
aldosterone has been shown to have both physiologiecal and ﬁehavioural
effects in adrenalectomised rats. Physiologically, t is suff*cient to

increase the sodium retention in the kidneys of adrena’ecbom*sed rats
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(Fregley and Wal;e%s, 1965). Behaviourally, aldosterone in this: dose
appeared to increase the arousél level of adrenaléctom}sea'rats‘(Gray,
1976) .

The 8 subjects in the Sham-Oﬁ group were subjected to the . same
surgical procedure as describea .for Acontrols in. Study 1, and the
females thereafter received déily injections of 0.2cé df the o0il
vehicle. 1In this étudy;.both the aldosterone réplacement and sham-
.operated éroups were maintained oﬂ.;ap water rather than NaCl solution.
NeSt‘eime and frequency wére recorded and séatistical analyses
performed as described in Study 1a. v . .

tudy 1¢ - ?rogesterone Replacement

Beginning on Day 1‘bosfpartum,'injec£i$ns of 3mg progesterqne
{Sehering Co. Ltd.); in 0.2cc oil vehicle was given twice daily at 0909
hr and 2100 hr to the 8 primiparous females in the Adex-0Ovex «+
Progesterone group. This dose was chésen becadbe\ it can inhibit
(Moltz;. Levin  and Leon,- 16609), facilitate .(Moltz, .Lubin, Leod. and
Numan, 1972) or Effé no effect on-the ;aternalrbehaviour of female rats
(Moltz, Lé??ﬁg/;ndv Leon, 1969; Moltz, Lubin? Leon and Numan, 19?2)
depending on the endocriné and experiential state .of the female rat.
The 8 dams in the sham-operated group received the 0.2¢c¢c oil vehicle
subcutaneously twi;é daily. The gene?él procedures.were as descpibed
fbr Study 1a.

tudy 1d - Cortisel Replacement

The 8 prim}parous females in the Adex-Ovex + Cortisol group

.received subcutaneous injections of 0.5 mg Cortisoi (supplhqkb& Mgrck,

Sharp and Dohme Research Laboratories) in 0.2cc oil vehicle twiée daily
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:
cat OQOODhr and 2100 hr beginning on Déy 1 postparfum. Sham-operatéq-
control éubjects\ received 0.2cc of the oil vehicle twice daily.
Plucinski and Baldwin (1976) demonstrated that the redgctign of‘mammary

enzyme activity observed after adrenalectomy could be restored with

o -
this regimen of cortisol replacement. The procedures used and measures
taken in this study were identical to those deseribed for Study 1a.

tudy le - Corticosterone Replacement .

The 8 dams in /thé Adex-Ovex‘ + Corticosterone group were
operated on Day 1 postpaftum as described in Study 1 and then given
daily injections of 3 mg corticosterone (supplied by Merck, Sharp and
Dohme, Research Laboratoriesi in a 10% solution of ethanol in oil at.
1700 hr. Sham-operated animals were injected at the same time with the
vehicle alane. This vehicle w%s chosen because it ensﬁres a more even
suspension of the hormone than -‘oil alone. Gray (1976) sfound this dose
of corticosterone to be sufficient to maintain nﬁrmal circulating
levels of corticosterdne in adrenalectomiéed animals for 24 - 36 hrs
after the injechtion, The hormone was administered in he late
afternoon in order to more closely approximate ‘the normal circadian
surge . of cort{costerone (Stern, Goldman and Levine, 1973). The
subjects. used in this study were operated, maintained and measures
taken according to the procedures_described for Stﬁdy ia.,
Results

The resulﬁs of Studies 1a - 1e zare shown in Figures‘z.; 5. The

results of the statistical compaéisons for these stud;es are summarized

in Table I. Figures 2 and 3 show_the.mean daily nest time for all

experimental groups and their sham-operated controls. In these and all
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Figure 2:

’

Mean daily nest times of Adex-0Ovex, Adex-Ovex + Aldosterone,

and Adex-Ovex + Pregesterone and Sham-0p dams. SEMs are
shown. . )
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daiiy nest times of Adex-Ovex + Corticosterone,

Adex-0Ovex + Cortisol and Sham-Op dams. SEMs

are shown.
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‘ i
subseﬁuent figﬁées data from the expérimenial groups are.reﬁresé£ted bY, )
filled ’éymbols and that from the sham-operated controls by: open

. symbols.
It is clear from Figure 2 that adrenalectomy-ovariectomy
resulted in a continuously elevated nest time and, moreover, that

progesterone and aldosterone were ineffective in reinstating the normal

~

deéline in daily nest ;imé. " The nest times for all threé;pf these
experimental g}oups- were significgntly different from their sham-
operated coﬁ;rols,‘which'clearly showed a decline in daily nest time
(Treatment Effect F = 26.53, n < .001; F-= 17.36, p < .001; F = 34.8%,
p < .601, respectively). T

Figure 3 éhows that glugocorticoid replacement was effective in
-producing a considerable decline in nest tiﬁ% in Adex-Ovex females.
Neither the dortisel nor the. corticgséerone replacement groups had
significanély di#}erent nest times from their sham-oﬁerated controls CFA
=-3.4, p > 0.05{ F = 4.26;, p > 0.05, respectiveiy). It is clear,A
however, .that corticosterone was less.-effective in reinstating the
decline in nest time than was cortisol, in terms of the actual
reduction of minutes the dams spent on the nest. The Days Effects were-
significant for all five studies (see Table 1) and significant Day'x
Treatment interactions were found only in the progesterone replacement
and Adex-Ovex studie; (Table 1).

lThe mean daily nesf frequency‘ for each group is ‘shown in
Figures U4 and 5. In none of the stuﬁies was there a.statisﬁically

significant effect of treatment on nes:t bout frequency. There were

significant bays Effects in the progesterone and corticosterone
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O
replacement studies which are probably due %¢o the high 'frequencies
shown by both experimental and control groupé al the start of the
experiment (see Figures 4 and 5). There were no significnat Day x

Treatmeqt interaction effects.

-
.

Discussion
Glucocorticoid replacement therapy was effective in restoring
a decline in daily nest time in Adex-Ovex dams while aidostetone and

progestercne replacement were ineffective in this regard. It is clear

<

that cortisol was the more effective of the two glucorticoid

replacement regimens used in this study. It is also apparent, though,

that the decline in nest ‘time befween days 2-14 produced by
' corticos@erone replacehent (a mean decliﬁe of‘EOG min)} was much greater
than that seen in thg Adex-Ovex group, (a mean increase of 30 min) the
Adex-Ovex + Aldosterone group (a2 mean decline of 65 min), and the
Adex~0ve£ + Progesterone'grbup (a mean decline of 120 min).

The Sham-0p groups in this experiment all had a considerable
decline in’ nest time, but theré .was some variation between ﬁhe

particular patterns of decline shown By the Sham-Op groups. These

differences are probably due to variations in the weight and possigz;\"

1
respective experimental groups. Such inter experiment variability in

the temperature of the pups that these groups received from their

pup weight and ‘emperature probably arose beqause ;he.amouﬁt of warm
milk that mothers from each grbup.geliver;d Lo their young varied with
the hormbnes she receiged..‘On thé model broposéd by Croskerry;_Smitﬁ.&
_ Leon (1978), SUCh(EEiE¥;¥ as lditter, weight and pup temperature are

expected to be involved in determining the rate of rise of maternal
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core temperature during a nest bout and thereby influence nest boul-

duration. Thus, variation in litter characteristies would be expected
to produce variations in the pattern of nest time decline. Within each
experiment, however, care was taken to ensure that each pair of
experimental and control mothers received a litter of approximately
N

equivalent weight each day, to maintain similar surface area/mass
ratios betwéen groups.

The absence of significant treatment effects on nest frequency

implies that the difference in daily nest time seen between the Adex-

Ovex, Adex-Qvex + Progesterone and.Adex-Ove{J;,ﬂigglterqne groups and

.

their sham-coperated controls arose from a difference in the duration of

-
-

JAndividual nest bouﬁs rather than in ;hé:‘number of such bouts.
Similarly, the lack of a siénificant chénge in mean nest'rrequency over
time observed  in most of. the studies suggests that the typieal
progressive deecline in daily nesting time Eesulted from a gradual
shortening of individual nesting boqts.

The high nest bout frequencies observed at the 5eginning éf the
experiment in “the Adex-Qvex 4+ 1Progesterone and. Adex-Ovex «+
Corticostercne studies was possibly due to a tendency for these animais
to indulge. in -bouts of tail—retrieving.' If the change “in ‘nest .
.frequency over time seen in these studies contributed o any gecline in
nest time one would expec: to see a gradual deciine'in nest frequency.

. A E

Rather, these very'high frequencies decrease abruptly around Day 6.
. 14

- The nonsignificant Days x Treatment interaction for these studies .

indicates tha:t both conirol and experimental groups showed *he same

‘tendency and, therefore, differences in nest frequency were unlikely to
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have contributed to any differences in nest ¢tihme between experimental

and contfol groups.

The 'resulté of the present series of studies' indicate that
glucocorticoid reblaceﬁént is sufficient to reinstate in Adex-Ovex.dams
a progré;sive decline in nest bout duration similar to that-seenlin_
in;act lactating remalés in the first two weeks postpartum. Having
identified specific hormoﬁes from thé adrenal cortex that can reverse
thé gffects' of gland extirpétion, it seems -clear. that a ho;monal

mechanism influences maternal nesting behaviour. The mode of action of

these hormones is investigated in the following experiment.
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- Experiment 2
Adrenocortical hormone replacement: Effects on maternal and pup

temperature
Y : .

It is clear from the results.of the previous experiment *%that
glucocorticoid replacemcni therapy is sufficient'to.induce the normal
decline in daily'nesting time over the'first two weeks postpart?m in
Adex-Ovex dams. Gluéocorticdi&s might effec! nest bout duration in one
of two ways: directly by aptihg on é Eentral mechanism that contirols
nesting behaviour, or indirectly by stimulating- - a particular
physiologicalrstate in the dam that, in turn, medifies her‘patgern of
Eontact with her litter. Leon, Croskerry and Smith (1978) éﬁggested

that the effect of adrenal eortical steroids- on nest time is mediated

by their chronic thermal effects on the dam.

There are a number orulines of evidence in support of such a
proposition. Removal of the adrenals in nonlactating rats results in
rowered basal hetabolism as indicated by a depressed core temperature
(Hartman, quwneli anﬁ Crosby; 1931; Carr and Beck; 1937; Horvath?
1938) and .fhese effects can be reversed by replacement witﬁ
adrenocortical extract‘"cortin"‘(Hartman, Brownell and Crosby, 11931).

Since cortin replacemen® therapy restores metabolic rate in *“he

nonlactating adrenalectomised rat, elevation of adrenal - hormones above
normal basal levels might further increase metabolic rate. Indeed,

circulating glucocorticoid levels are chronically elevated durin
g g

lactation (Voogt, Sar and Heites, 1969; Zarrog, Schlein, Denenberg and

-
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Cohen, 1972) and the elevated adrenocortical hormpde output is

accompanied by maternal hypermétabolism (Brody, Riggs, Kaufman and

Hering, 1938; Denckler and .-Bilder, 1976). Further, removal oﬁ;the :

adrenal glands during lactation produces a chronically depresséd\core
temﬁeréture, indipativé of a depressed metabolisﬁ (Leon, .Croskerry &

Smith, 1978).

If the decline in nest bout duration and, thereby, daily nest
time is dependent on elevated maternal core témperature, then
glucocorticoid replacement therapy, which reinstates the normal decline

in mesting time, should alse restore the normally elevated maternal

core temperature. Similarly, theose regimens that are ineffective in’

changing nest time should also have no effect on maternal core

<
temperature.

Pup skin temperature has been shown ¢ be a contributing factor

in deiermining the rate of rise of maternal core temperature (Leon,

-

Croskerry & Smith, 1978). I seemed important, therefore, to determine

whether glucocorticoid replacement ,had i%s effects via an increase in

.

pup skin temperature, or in. maternal core temperature, or both.

Therefore, I daily recorded pup skin temperature in addition to dam

" skin and core temperéture following each of the five hormonal

dhnipu}ations described in Expeﬁimgnt 1.. Of counse,.if one did not
observe a correlation between elévated maternal heat load and decreased
nest time in this experimeht, then cone would have to conclude thaﬁ.
adrenal hormones do not act via a thermal mechanism.

Method

Damg and their litters which had served as subjeects in
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Experiment 1 were used in this experiment . Dam ventral and core

temperature and pup‘skin temperature were recorded daily,_ ﬁam ventfal

‘tempgrature and pup skin temﬁeréture were recorded using YSI brobe 408

and-telethermometer model_# 43TA. Mothe}'cor%,temperature was recqrded

with ¥YSI probe #423 insérted 4 em into the mother's rectum. The data'

obﬁained'were subjected to the same étatistical analyses described in

. (S
Experiment 1.
Results
Tﬁe main results of this experiment are shown in Figures 6 -
11i' The 'F' ratios and p values obtained in the.anélyées éf variance

are shown in-Table II.

Maternal .Core Temperatuyre The daily mean core temperature for each

group and their associated sham operated cecntrols are shown in Figures
6 and 7. Only in ghe cortisol replacement group was ‘he éffect of
treatment on core temperature'not statistically signifieant (F = 3.9,
2 > .05). Although it is apparent fré; Figure 6 that the Eorti-ﬁ
costerone replacement group has a lowep core Lemperature tﬁaﬂ its sham-
operated contrél group, from Day 5 onwards the mean core temperature‘af‘
the corticosterone group 1is higher than that of the Adex-Qvex +
Aldosterone, Adex-Ovex + Progeéierone ‘and Adéx—Ovex groups and there
seems very little difference between theltwo glucocorticpid replacement
groups. The aldosterone and corticqsteroae replécement groups showed a
" significant change in core temperature over days (E = 4.59, p < .05; E
= 1S.uk,rpA< -001. respectively) and the progesterone and aldostercne
replacerent studies yielded statistiecally significant Day x Treatment

¥

interaction effeets " (F = 7.28, p < .05y E = 7.0, p < .05,

» . )
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Figurb 6:
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Y

Mean daily soxe temperature of Adex-Ovex, Adex-Ovex
+ Aldoatcronc, Adex-Ovex + Progesterone and Sham—Op
dams. SEMs are shown.

N~
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Figure 7: Mean daily core temperatures of Adex-Ovex + Corticosterone,

' Adex-Ovex + Cortisol and Sham-Op dams. SEMs are shown.
. : {
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'respectively). Examination of Figunes 6 and 7 shows an apparent

increase in temperature in. all the sham-operated groups from day 5

postparb\um. . - . . : -

,Maternal Yentral Temoerature The Cortisol replacement group was the

only one which showed a. signiftcant effecf of treatment on ventral
temperature (F = 5 67, R < .05). There was no change in the ventral
temperature of any group over the course of the. experlment (see Figures
8 and 9). None of the Day x Treatment-effects were ;tatfetically

significano

Enn_ﬁkin_lemne_agg_e The Adex-0Ovex group ~“and &%he Adex-Ovex + .

Corticosterone group had signlfican»ly lower pup skin temperatures than’

their sham-operated 00unoerparts (F = 1? 61, n .

.05, respectively). These ‘same groups also showed a sxgnlficanu days

effect, probably' reflecting Lthe decrease in pup temperature- beoween
days S = 10 shown by both the_conorol and experimental'groupsa(see

Figures 10 and 171}. Only the Adex-Ovex - Sham-Qp comparison yielded a

~statistically signifieent bPays x Treatment Effect (F = 1252.59, p-<

.001) . o o
Discussion
+~ . The results of this experiment show clearly that the

qucooortiooid replacement therapy, which is effective in reinstating

- a deckine in daily nest Lime in Adex-Ovex animals, is also effective in

chronically inecreasing core’ temperature. The correlation that was

again found between inereased maternal core temperature and decreased
- - “ . . ) . N
nest time is_consistent\with the notion of a thermal mechanism for the

~

limit atlon of nest bout duration. Specifically, it reinforces the

.01, FE = 5. 16, D <.
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Figure 9:
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~

Mean daily ventral 'skin temperatures of Adex-Ovex +

Corticosterone, Adex-Ovex + Cortisol and Sham-Op dams.

SEMs are. shown.



" 10

 DAYS POSTPARTUM

'8

00
a2
00
+ <+
==
' < <
I X
w w .
\/ "
Xl 2
@ < v
111}
-
\A 2 3
- (¥ 39
v - g
\ Sg.
O >¢ © o
+ +
,/ g g
TR T
\ ._I z 2
y |
A ok
uwroul-
AN =]
23
Ny, i
O S
L N L \\_
P~ ' —\\.

(0oL TYHLINIA 1\}7N531vw

N '

13 14

12

1.

9

6 4

5



44

Figure 10: Mean daily pup skiﬁ temperaturcs of Adex-Ovex, Adex-Ovex -
+ Aldosterone, Adex-Ovex + Progesterone and Sham-Op
dams. SEMs are shown. :

Y
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Figure l1: Mean daily pup skin temperatures of Adex-Ovex + Corticosterone,
: ' Adex-Ovex + Cortisol and Sham-Op dams. SEMs are shown.
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proposition that dams mbst have a chronieally elevated core tempégzzaie

to be vulnerable to the additional increase in heat that is precipi-

tated by huddling with.the pups. These data also lend support to the
hyﬁothesized role of adrenal .steroids in stimulating the rise  in
maternal métabolism which, in turn, causes the chronie rise in maternal

temperature.

The data presented'here,-however, do not necessarily mean that
corticosterone - and cortisgﬂk er =se are playing a direct role in
producing these effects. Adrenalectomy removes the negative feed back

of adrenocortical hormones on the release of adrenocorticotrophic

hormone (ACTH) from the pituitary, and adrenal removal would,

therefore, be expected to result in high cireulating: levels of ACTH.
It is possible, thn,‘that cbrtisol and corticosterone replacement in
these .studies had their effegts, not direqtly, bul by suppressing ACTH.
Low ACTE might induce‘a chronic elevation of maternal temperature and,
thereby, result in short nestipg b0ut$. This interpretation of xﬁE
‘data_ presented iq rthe present experiment seems unlikely.  First,
cirdﬁlating ACTH reaéhes high 1levels ohly about 10 days after

adrenalectomy (Cox and Hodges, 1958). Second, progesterone is also an

efficient inhibitor of ACTH (Singe;,.Lositotand Salmon, 1963;-Edgren,

Hambourger and Calhoun,. 1958; Holum, Katz and.Jailer, 1961) but that

steroid was ineffective in restoring the normal temperature or
. behaviour of wmother rats. If the effects of cortisol and corti-

costerone on nest iime were, in fact, mediated by their ability to

suppress ACTH one would expect progesterone to have a metabolic effect

similar to that of the glucocorticoids.

et

[TA R
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i

" Progesterone failed to produce an: ihcrease in core temperature

in Adex~Qvex fqp;}bs in this expeéiment despite a previous-report of

its thermogenic a%fion (Rothehild, 1969). Cunningham and Cahanac

(1971) however, founﬁ\_hab women in the high progesterone phase of the

menstrual eycle have not only a high- temperature but an elevated

thermal get point. Furtﬁer, Nakayama, Suzuki and Ishizuka (1975) found
that progesterone administration caused 3 decrease in‘ the rate of

firi of thermosensitive neurons in the hypothalamus. Such ‘a change
ng y

in sen51u1v1~y has been suggested as a possible mechanism underlylng .

changes in set point (Hammel, Jackson, tolwijk, Hardy and Stromme,
1963).‘ Thus, the ap?argnt hermogenlc effect of progesterone reported
by others may be medigted by the increase in thermal set point induced
by the admiﬁistration of tLhis hofmone As adrenalectomised animals are

unable to maintain a rate of heat production congistent with the

requirements of a2 normal set point it is unlikely that they would be

able to 1ncrease their heat productlon in response Lo, an upward shift’

in thermal set point. AdrenalectoMized dams- ﬁould uherefore be

" unresponsive to the effec»s—of proges»erone admlnlstratlon

Pup skin temperature varled across replacement groupsw Only
the Adex-Ovex and Adex-Qvex + Corticosterone groups showed a

signficantly lower pup skin temperatufe than their associated Sham-0p

groups. The faet that the corticosterone replacement group showed a
jo !

decline in nest time and the Adex-Ovex + Progesterone and Adex-Qvex +
Aldosterone groups, whose pups had the same temperature as their Sham-
operated controls, did not show a decline in nest time, however,

indicates that while 'pup temperature may be a factor in influencing

e

. '47;'

O
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nest bout duration, glucocorticoid action is not primarily mediated by

changes in pup temperature.

The pattern of results obtained in this'experiment emphasise

the additive nature of the thermal factors which give rise to an
increase in maternal core température during a nest bout. It' is

possible that low pup temperature contributed to the longer nest bouts
= . . rd )

- . ¢

seen in‘corticosterbne.repiaced dams’ in spite of thp fact that'matefnal
{(’;ore'teﬁpebaiure for this group is ;pbroximately the samé as thatrof
the cortisol repla;ga 'dwm;; Further, variation in ‘pup temperature
probably also cdn%;}butes to the variation in pattérns of nest'boﬁt
Qecline‘betwéen sham-cperated groups. :/// .

In sum,-both corticosterone and cortisol replacement are
- .

effective in reinstating the progressive decline in mother-litter

interagtion seen in the rat in thé first two weeks postpﬁrtum. Thége
hormories alsc produce the predicted rise iﬁ maternal core temperatﬁre.
It seems, therefore, that glucocorticoid replacement is sufficient %o
reinstate in the Adex-Ovex femalé, the thsiological state that
i ﬁediates the normal decline in nesting behav;our; Specificaliy, the
data. are consistent with the notion that glucocerticoids are
responsible for chronically elevating the maternal-core Lemperature,

and thereby, rendering %the dam vulnerable %0 an acuite rise in

temperature while huddling with ,sr pups.
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. T 7 " Experiment 3
'CorticQ§terone-replaéement:' Effects on the change in core temperature

experienced during a nest bout by Adex-Ovex dams

The data obtained fin the previous two experiments are .

consistent with the noiion that adrenocortical hormones, . specifically

“-Lthe glucocorticoids, chronically elevate maternal temperature,

rendering dams vulnerable to the acu;euthéﬁmal Effects:(n‘ huddl;ng.' -

Presumably, -it is the acute pise in maternal tem erature, consequent
! . - . .
2

upon joining the huddle, which lihits the duration of the nest bout.

The dam, in effect, maintains thermal homeostasis by leaving her young
H . -

andg thus terminating the acute rise in. maternal ‘emperature. The -

lowered core temperature of Adex-Ovex dams makes them less vulnerable

" to the acute thermal effects of huddling, and consequently their nest

bouts are. not likely té be limited by thermal considerations. If? in

. )
fact, the chronically elevated temperature of the dam affects nest time

by making her vulnerable to the acute effects of huddling, %hen one

should be able to observe a further acute increase in core temperature
: ) ' . 4
during nest- bouts .in normal dams but not in Adex-Ovex females.

-

I . .
Moreover, if the effects of glucocorticoid replacement therapy on nest

time are thermally mediated, %then giucocorticoid replacement should

e

reinstate in Adex-Ovex dams the acute rise in maternal temperature

consequent-on huddling with pups. . ' .

*



. three experimental groupsz Sham-Qp, Adex~Ovex, and‘Adex-Ovex +

: '\ - ”“"." Tf;...'?a; E S .

- In »hls experlment the core temperature and nest bout duratiOn

of Sham-Op, Adex—Ovex and Adex-Ovex + Coru&costerone dams were recorded
. N LT

contlnuously ror 2& hours beglnnlng at 12 noon.on Day 10. postparﬁum to

observe uhe»ber the hormone staue of the dams actually made them

vulnerable %o acufe ‘hermal events prec1p1tated by huddling with the
young. '
- - L. .

- ‘ Method

Subjects B I - .

Six multiparous Wistar rats, originally obtained'froh Caradian

. . . . L)
- Breeding Farms (St. Constant, Quebec), served as subjects in each of

.

- -
Corticosterone.

’ . - -
Procedure : ~ . . ;
All females were mated in group cages and removed to individual

cages on day 18 -. 20 of ges»aulon Afuer parburitlon,all l;tters~were

\
A

. reduoed in number uO-Elghu pups.

et ’

On day 2 postparoum all 18 females were implanted w1th a YSI
uhermis»or (Part #MHOOBA) in the peritoneal cav1ty. The leads from the

thermistor were threaded beneath the animals skin and emerged on the

.. top of her head. The leads terminated in amphenol pins (#220 -~ P02)
. that. were placed in-a plastic head cap (Amphenol miniature connector -

#225-2205), ff%dd to the skull with dental cement. The six animals in

each of the Adex-Ovex and Adex-Ovex. + Corticosterone groups were also.

adrenalectomised-ovariectomised as described in Experiment 1. All

‘surgical procedures were performed under ether anaesthesia.
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'-rt-Ff The animals in the Adex-Ovex and Adex-Ovex + Corticosterone

groups were-maintalned on 1% NaCl solution and ad lib Purina Rat Chow.

The 6 anlmals in the Adex-Ovex + Cefticosterone groups were given daily

1njections of 0 2co of 10% ethanol in oil vehlole containlng 3 mg

eorticoeterone at 1700 hr_r_'sz-

-

To ensure healthy pups, 1litters were switcﬁed daily between

;J¢)2ach female in the Adox-0vex or’corticoaterone replaced- groups and an

unoperated colony mother who. had given birth on the same day. = Sham-
x

. operated anlmals were maintained on water and ad 11b Purlna Rat Chow

-

and allowed Lo rear their own pups.

On Day 1b postpartum, mothers and their lltters were placed in

N - .

contlnuous recordlng cages and maternal core %emperature Wwas recorded

on a Beckman polyg;aph model 1?00 for 24 hours from 12 noon on Day 10

e -

until 12 noon on Day 11. The change in core temperature over the
) .-

course of a nest bout,and nest, bout duratlon were then transcéribed.

The mean nest bout duration and percentage of nest bouts during which

the dam experienced 2 rise in core temperature were calculated as well

"as the mean change in, temperature experienced by the dam in those bouts
"where her temperature actually increased. Change in core temperatdre

‘over the course of a bout was caloulated by sub ractlng the core

Eemperature recorded for the dam at bout onset rrom fha€ recorded at.

.‘:\. *
the termination of a bout. Determlnations of core temperature were

made to ~the nearest 0. 08 C. . If this procedure Yielded a2 positive

number then the core temperature was con31dered to have risen. In very

" few nest bouts 1d maternal core temperature show an appreC1able rise

and then fall before nest bOUu termination. Rather, if dam core

!
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- - ..

temperature did show a.rise it tended to remain elevated throughout the

L)

nest bout. A oneiwaj Analysis of Variance‘and Tukey post-hoc analyses .
were then performed on these déﬁa.] . |
Results
.Fégure 12'§hows samble.records of-matérnél core temberaﬁufe
during a nest bout for one animal from each of the three groups. Thé )
mean bout duratibn for Sham-0Op, Adex;OQex and Adex~0Ovex +
Cor;icostEroné groups is.shown in Figure 13§. Figure_13b‘indicétgs thg
mean percentage of neéiibouﬁs in which thgsé groups showed a rise in
temperature. fhe averagé inerease in core temperaﬁure fgr'eachﬂgréup
' during}ihese bouts is‘ghowaianigurg JR; e ' - .
As can be seen.inléigure 13a'Adex-Ovex dams showed ;he'longest'

mean nest bout durations, Sham-Op animals ‘he shortest and the Adex-
; . o

Qvex + Corticostercne females nest bouts of  intermediate duratiog.

These data replicate the results of Experiment 1. The analysis. of

variance yielded a significant treatment effect (E = 11.76, p < .01)

and post hoc analysis showed that the meaX nest bout duration of

+,

Adex-Ovex dams was significantly longér than that of Sham Op dams.
'“' There was a ‘significant effect .of treatmént on .the mean
percenﬁgge of nesﬁ‘bouts during which dam core temperaéuré rose (E =
. 1
_73.23,'3 < .01)‘and all post_ hoe pairwise analyses were also
significant, Dp's < 0.05). . In those nest bouts where tﬁe{r core
temperature rose Adei-Ovex dams showed a smaller increment in core

temperature than members of the ShamJOP"and Adex-Ovex + Corticosterone.

groups. Overall, the effect of treatment was nonsignificant Ln.> .05).

-
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Figure 12 %-Sample trace oE matcrnal core tcmperature during a nest
bout from a Sham-Op, an Adex-Ovex and an Adex-Ovex +
Corticosterone dam on Day 10 postpartum.
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-

FiéureIIBa: Mean bout duration + S.E.M. for Sham-Op,Adex-Ovex

and Adex-Ovex + Corticosterone dams on Day 10 post-
partum.

13b: Mean percentage of nest bouts during which Sham-Op,
. Adex-0Ovex and Adex-0Ovex + Corticosterone dams showed
an incréase in core temperature on Day 10 postpartum.
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Figure l4:Mean increase jp core Lemperature, on those bouts where

an increase occhrred, for Sham-0Op, Adex-Ovex and Adex-0Ovex
*+ Corticosterone dams. SEMs are showm.
.w .
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iscussion .

The .results of this'\Bzieriment indicate that, as predicted

Adex-Qvex dams rarely experlenced a rise in core temperature when they

huddled with their young. These anlmals presumably experlence no
difficulty in"dissipating any extra hea* retention caused by huddling.
Glucocortieoid~replacement therapy, however, rendered Adex-Ovex dams

more vulnerable Lo the acu»e thermal - effects consequent on maklng

‘econtact with ‘helr litter. These animals had a chronically higher

ehermal load than Adex-Ovex females that were given no hormone
repiacehent, and ﬁad more difficpluy in d15$1pa»1ng heat, partic;}arly )
when they huddled with their young.. ) o :.
| The differeﬁces among the mean nest bout durations observed for
the Sham-Op, Adex-Ovex and Adex-Ovex -+ Corticosterone .éroups‘fwere
consistent with the proposed role of thermal factors in 1imitiﬁg nest
bout duration. Sham-cperated dams which: experlenced increases in core
temperature during 95% of their nest bouts, and showed the largest meae

increase in core temperathre-during nest bouts, showed %he shortest

average nest bout duration. Adex-Qvex females that experienced the

-least average core temperature rise on the smallest proportion of nest

" bouts, had the longest nest bouis. Adex-Ovex + Corticosterone dams

were intermediate on all three dlmen31ons. The mean rise in core
temperature, during a nest bOUu, shown by each was sufficient Lo

indicate that such a change could well give rise to a theimoregulaﬁory

-

response.
These data support the notion that a rise in maternal core

temperature during a nest bout limits nest bout duration. Adex-Ovex
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dams, which seldom show ; riﬁe in- core temperature when they huddle

with,thein.young; have very long nest bouts. As one would predidt,'

thermal considerations :Bpear to play 1little or no role in the .

limitation of the nest bouts of Adex-Ovex females. The data obtained

. - . o . .
in* this experiment also. suppert the hypothesis that thHe effect of
‘ ' ' r

glucocorticoid replacement %o Adex-Ovex dams on nest time is mediated

by a chronic increase in maternal core temperature, This elevated
maternal temperature renders the dam vulnerable to the thermal effects

of huddling with her young.
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Experiment Y
The effects of corticoaterone-reﬁlacement.therapy
on the nest time of prolactin-suppressed dams

. The results of experiments 1-3 indicate that glﬁcocorticoid

replacement in Adex-Ovex females is sufficient %o reinstate, to a-

considerable degree, the normal decline in nest time. Adex-Ovex dams

"have normal levels of circulaéing'prolactin (Ben-bavid, Danon,

-

Benveniste, Weller and Sulman, 1971), suggesting that prolactin itself
is not. sufficient .to maintain normal nesting behaviour.
Prolactin-suppression does, ﬁowever3 result in a halt. in -the daily

decline in nest time in the second week postpartium, indicating that

. prolactin does play a role in maintaining normal nesting behaviour.

The question addressed 1n.uhe present and subsequent experiments is
whether 1) high circulating levels of prolactln stimulaue high

circulatlng levels of corticosterone which, 1in turn, results in a

chronically elevated maternal core temperature, and a decline in daily
nest . time, or 2) prolactin plays a direct role in méintaining a
chronlcally elevaued maternal core temperature and thereby the decllne
S

in nest flmé in the second week pos»partum A flow diagram
EeEresentlng each of these hypctheses is shown in Flgure ib.

There is some evidence that prolactin ecan stimu;ate'incregseJ
cireculating leyelé of glucocorticoids. Witorsch and Kitay {1972) found

that prolactin administration to hypophysectomised édult or

ovariecuomlsed prepubertal raus, resulted in inhibition of the action

»



_of Set-adrenal reductase, an enzyme which reduces corticosterone to its
A—fiﬁg metabolitea,*therebyAdeéreaéing corticosterope métébolite ievels
and increaging giuc&cortidoid. 1evgis in 'thé blood. Further,
Chatterton, Chien and-ward (1973)“found thaiurats treated‘with
perphenazine, a drug which reliably eievates prolactin secretion,

(Ben-David, Danon, Benvéﬁiste,_ﬂellgr and Sulman, 1971) also increases

corticqs;erone levels. IL seemed possible; therefqre,.that prolapéiﬁ'
normally stimulate; glﬁcocortieSid leyels.' Indeed, mother ratsl
. normally have high 1levels' of both circula;iﬁg prolactin gndi
.glucocorticoids fSimpson, Simfgon, Sinha énd. Schmidt, 1973).  If

prolactin normally stimulates glucocorticoid release during this

~period, then prolactin suppressibn should result in a decrease in

glucocorticoid levels. Further, if prolactin™inhibition does have its

. effects on nest tim¢ by causing a decrease in glucocorticoids levels,
then }t should be possible to reinstate the normal decline in nesting
.time in prolactin suppressed dams by giviﬁg glucocoriicoid replacement.
Moreover, if glucocoriicoid were effective in restoring the decline in
nest ' time in. prolactin-suppressed” dams, %then-one would expect ﬁhat
glucocorticoid should also increase ihe temperature of prolactin.
suppressed ﬁothers. COnversely,. if prolactin itself has‘ 2 direct
effect on maternal core temperature, and, thereby maternél nesting time
cortiéosterone replacement shoﬁld be ineffectiye in reinétat;ng normal
maternal ngsting behaviour and maternal temperature.

In the éurrent experirent, therefore, I a#sessed the effect of
corticosterone replacemen; therapy during the second week postpargum on

the nest time and temperature of dams :reated with ergonovine maleate,

-
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ai potent’.inhigitor. of erolactin ’(Shaar & Clemens, 1975)
Corticosterone therapy was initiated on Day'6 eostpartum because that
" is the day at which ergonovine treated animals ceased to show a decline
in nest glme (Leon CrOSkerry & Smith, 1978).

| Method
éuﬁjeces |

- - ' L . . -
~

Twenty one virgin female rats obtalned from Canadlan Breedlng

'

Farms (st. ConSLant, Quebec) eerved as subjects in this experiment.
. . e

-y

Procedure

FOurteen virgin females were mated and placed -in individqgl
cages two daye prior to the‘expected date of parturit}on. 8 the-day‘.
of birth (Day 0) dams were’ paifed.- One member of each pair was
assigned %o ithe Ergonovine + Corticosterone (Ergo + Cortig) group and
the other to the 011-1njecbed (Contrel) group. ? tarting on Day 1
postpargum. the 7 anlmals in the Ergo + Cortic group were given 8 mg
ergonovine maleare (Ell Lilly and Co. ) in 0.2cec. 0il dally at 12 noon.
The control ‘group were given Q.2cc o0il vehicle at that time. Beginning
on Day 6 postpartum corticosterone therapy was initiated. AnimeIS'in:
the Ergo + Cortic group were given daily<“injections of 3 ng
corticosterone in 6.2 ec oil at 1700 hr in addition %o their daily
ergonovine injection. Animals in the control group received the oil
injection alone. All injections were givee subcutaneously. Meaeures
were :taken and subsequently analysed 'according to the proceduree
described in Experiments 1 and 2. The remaining 7 animals were'treated .

exactly ehe same as the Ergo -+ Corelc group with the excepbion that

they were not given corticosterone replabement therapy (Ergo group).
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" The ‘core temperature of dams in this group was tﬁen compared with that:..

L. of the Ergo + Cortic ghoup.

e Results
The main result s of ‘this experiment are presented in Figurea

15-19. Table III SHEHS the F ratios and the P values obtainedlfrom the

statistical anhalysis for each factor for each dimenSidﬁT‘:\Fhe mean

ily neSt'time is- shown in FigEie 15. "« It is -clear ffom th;s'fighre
JLhat eoth the eontro; and Ergo ; Cort%c groups showed a similarﬁdeéline
,59 ;';- . . i/ nest time over dayS which is'confirmed by'the analysis of vaeieqce.
‘ There .nd siéﬁificant Treatment Effect (F = 0.§b,,2 > .05) nor was
;here a s=ignificant Days x Treatmeet.ieteraction: The Déys Effeet; -
théweverq was highly sig‘nif‘icant (:E- - ?5-32,f_p_ < .001). The mean Ad‘aiI}‘r“ o
nest timee of the Ergo grggg.are.also shown. : .

Figufe 16 shows ihe mean daily nest frequency for both groups.

The Ergo + Co}tic groqp shows 'a significantly higher nest- frequency -
than the control group (Tredtment Effect F = 19.81, p < .001). Neither

: .grShg shows a statistically significant change iﬁ nest‘frequency over
the course of the.pxpe:iment (Days Effect F = 1.0%, p > .0§j,Days x o~
Treatment interactien F = 0.32, p > .05). Meen daily . nest bout
frequency. for ﬁhe Ergo group is also shown.

Tﬁe mean daily'maternél cote tempereture is shown in Figure 17.
 As epeears in!the figure the core temperature of the Ergo + Cortic
:group was 31gn1f1can»ly lower uhan that of the Control group (F = 6.0,

p <f-J57’qu 31gn1f1canfly greater than the Ergo gfoup (E = 31.97, p.<
s 301). There were no statistically eignificant effects of Days o? Déy'x

. ©  Treatment interactions in either set of comparisons..
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Figure 15: Mcan dally nest times of Ergo, Ergo + Cortlcoqterone
and Control dams. SEMs are shom. ‘
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Figﬁrc 16:

4!

Mean daily nest bout frequency of Ergo,'Ergo + Corticosterone
and Control dams. SEMs are shown. :
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Mean daily core temperature of Ergo, Ergo + Corticosterone
and Control dams. SEMs are shown. »
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'Figure 18 shows the mean daily ventral temperature for the

Ergo, Ergo + Cortic and Control‘groups. The ventral temperature of the

Ergo + Cortie group was slgniflcantly 1ower than that of uhe Control

group but there was no s?atlsticall§ signifzcant d{iference between the

.

Ergo + Cortic and Ergo groups on this dimension. “None of the other
effects were statisticaily significant in either set of comparisons.
Pup skin temperaiure was significantly lower in the Ergo +

Corﬁic,group than in the Control group (E = 7.42, p < .05) (see Figure~

19). There was also a slgnlflcan» Days Effect on uhiS dimen31on (F =

16.23,.0 < .01). The Day x, Treatment Interaculon was ‘not s»atistlcally
-
significant.

Discussion - )

‘. -

It is clear that instituting corticosterone replacement sherspy
in prolactin-Supﬁressed dsﬁs:reiﬁg%stes in these animals the decline in
dai;y nesting time typical of intact lactating females. The results of -
shis experiment are consistent with the hypothesis that prolactin
suppresslon has its effects on nest time by reduc1ng serum levels of
corticosterone. Reduced circulating levels “of cortlcosterone decreases

core . temperature and thereby reduces the vulnerablllty of dams to the" _

acute thermal effec»s of huddling with uh&lr young. o /f

The nest bout frequencies of neiuher the Ergo + Cortic /Aor the i

eSntrol group changed over days.. Therefore, the change in ne

Cime

<observed for boih groups over the course of the- .experiment is

atiributable only to a decrease in individual nes! bout duration.

.‘ .
It is clear from Figure 17 that whereas corticosterone was

effective in inereasing the cere temperature of ergo-treated dams, the

=
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Figure 18:

bl
-

ot

Mean daily ventral temperature of Ergo, Ergo +
Corticosterone and Control dams. SEMs are shown.
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Figgre'lQ:

2

Mean daily pup temperatures of ‘Ergo, Ergo + Corticosterone
and Control dams. SEMs are shown.
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" glucdcorticoid did het raise their core temperature ﬁo.the-leveié seen
in intact dams in the ‘second week post- parfuﬁ. " In epite of'-thie
deficiency, however,tthe nest times of ehe two groups are comparable
through the second pOStpar?um weeku,—These results do not appear to be
precisely in accord with a thermal model of nest bout duration, since‘
rone would predict that the higher maternal core Ltemperature would be
associated with shorter nest bout durations, all else being equal.
Tnué, one would expecf the nest »1mes of ‘he 1nuac~ dams u:{be lower ]
'than that of ehe Ergo + Cortic group. It is p0551ble, however, that
all elae is not equal. Perhaps, as suggested in uhG'dlSCUSSiOﬂ of
Experlment 2, hlgh progesterone leveis elevate the. thermal set p01nt ‘of
dams. ‘?he 1ncrease in temperature shown by intac: d;ms by the secondr
week postpartum when progesterone levels are high rould then reflect,
. - -
in parp, an upward shift in ﬁhermal set point. Sucﬁ a shift would nmean
that although temperature was ‘higher, the threshold for initiation of a
behavioural heat loss response Lo main‘aln thermal homeosua31s was also
raised. Thus, nest bout duration would not be greatly effected when
both temperature and set point‘are chronically elevated. Prolactin—‘
‘suppressed dams have . Breatly decreased levels of progeseerone
(Tomogane ta & Yokayama, 1975) and thus would not experience such a
shift iﬁ get poin{; Independeﬁt support for this notion comes from
data whieh show that Day 10 dams, whlch have s;gnlflcanuly hlgher core
eemperaeures than Day 4 dams choose to remaln in a similar, rather than

a cooler thermal: environmene, despite their added heat load (Jans &

Leon, 1978).
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- It is possible that rathe _than p;pléctin—sﬁhbbes&ion having an’

effect on endogenous se ‘ corticosterone levels, bcclectin‘ itself

plays a direct role in suimulaulng the . rise «n maternal temperature

.4—_
~ _A, v
T

during the second week postpartum Cortlcosterone replacement would
then -be effeculve if high 'copelcoeuerone levels ,compensate_ for * the
absence of prolactin.  Indeed, 'Rameley and :Qampﬁéll (1977) hevé-
- suggested that corticosterone cocid comcensate_for khe'absence.oﬁ'a
Jprolactinh;urge around -the time of pubertje In tce nextlexpe;iment I
examined the effectscof prclactin suppression'on.circulating levels of
corticosterone‘by meacs of a hormone assey pcocedure to determine the
precise nature of: the effects of prclactin_ suppression on adrenal

-

secretions.

3 9
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= Experiment 5 | E

, The effects of prolactin-suppression on serum glucocorticoid

(;\‘ ~ _ levels iﬁ the lactating rat.

at - r
. -

~— o e .
The results of the corticosterone replacement study described

Y

in Experiment 4 are consisteni with ﬁﬁe‘ prOposél that prolactin-
suppression does have its effects‘-qn nest time by' reducing -
corticosterone levels. These results, however, do net rule out the

possibility that exogenous ;ﬁyﬁicosterohe' administration compensates

for the metabolic effects of the absence of prolactin, irrespective of

the effects of. prolactin suppression on ‘endogenous levels of

.coptiéosterone.l ' - .
In theﬂéresent experiment I employed a horﬁohe‘asgay procedure

- toldeﬁermine-direqtl}.tﬂe-effeéts of prolactin suppression on
corticosterone levels. Serum corticoétqrdne- levels were aséayed in
lacta;ing rats 4 and.fO‘days ﬁbst@artﬁm. Dams were treated with either

daily_injecttons .of ergonovine méleate;' an inhibitor of prolactiﬁ

-release (Saar and Clemens, 19725, or'thq;oil vehicle. To ensure that

e -

e -

this dosage of  ergonovine maleate did,. in" fact, inhibit prolactin,
serum from all' groups waé'also assayed for that hormone. In addition,

progesterone. levels  were also determined %o assess "the biplogical
effectiveness of this regimen of prolactin-sgppression, since

progesterone sécretion is reduced foilowing prolactin duppression

L] .
‘-

during lactation-(Tomogane, Ota and Yokayama, 1975)..
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°  Method

."r. ) o .o - n

- . -

-:Scbjects
o Fbrty-eight virgin fEmale H&star rats obtained from Canadian
Breeding Farms (st. COHSuanu, Quebec) served as subjec ts in this
.'e;perimenc. o

Procedure

Virgin females were mated and removed to individual cagea 1 - 2

PR

days befofe parcuﬁitzon\\\gp the day of birth (Day 0), each female was
paired with another puerperal female, one was assigned to the concrol
group and one to° che ‘group in which prolactin was suppressed (Ergo
group). All ﬂ§scers were reduced in number to 8 Pups on Day 1
postpartum 'and swi ched be»ueen control and experimentai mothers daily.

Beginning on Day 1 postpartum, the 2H dams zn the Ergo group

were given subcutaneohs injections of 8 mg ergonovine maleate in 0.2ce

oil vehicle a dose .previqusly shown to suppress prolactin levels

(Shaar and Clemens,"1972) Ihe 28 females in the control group

received 0.2cc of the oil vehicle. The 1njecelons were given daily at
0900 hr at which cime +he llcuers were swit tched between each pair on

day & ppstpartum, 12{ females from-'the Ergo group and 12° rrcm the

control group were jaerificed al 1300 hr by placing them in an airtight

.container into‘which CO was introduced. Blood collection by cardiac

punc.ure was compleced wi hin two minutes after removal from che cages.

Blood samples were kept at room cemperauure for 25 min and then

refrigerﬁted overnighc. Samples were then centrifuged at 100 g for-20

~ .
- minutes, at which time the serum was removed and subseque?3}§ stored at

e ————— e a . —ma e e . L
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) -3'19(.". On day 10 blood wa.s collected rrcm the renaining 12 Ergo and .

12 control remales. o o _ -

- antibody procedure with the RIAMDD radioimmunoassay kit. Determina-

"tione. were rade for duplicates or each of 3 dilutions and the average

of these 6 detemmations used . for statisuical analysis. A single.

costerone and cortisol ccmbined A 2_ way Analysis or Va.riance uaa";' >

_carried out on the da*a ob-«.ained for each assay.

Resqlts ’ L~

Figure 20 shoé the' Tean serum prolactin _concentration t*cr each -

group. Figure 21 d’epic\.s the mean serum glucocorticoid level and
. J

‘Figure 22 shows ‘.he mean serum progesteronme level for each group.

‘E:rgonovine maleatg administration was ef‘fecrive in 'suppressing

prolactin release on bo.,h Day B and Day 10 postpartim (‘I‘rea"ment Ef‘fect

E = 81.09, p < .001).' Although %he analysis of-varidnce perrormed in

the progesterorne decg‘minauions vielded no signif‘lcan. eff‘ects‘

(Treatmens F = 3. 13, 2> .05; Days, E = 3. 36, D> .05, Days x 'l‘rea{ment

F= 2.00 2 > .05) ..he level of serum pr‘oges..erone was grea..ly reduced

. in Day 10 ergonovine treated females compared” wi their oil-injected

controls. Indeed, a S‘:.udent 't* test carried out on Lthe Day 10 Control

1 Drs. Harvey Feder, Chris..ma Fistyedti and Harold S:.egel Institute-
of Agsé,behavior Rutgers Unlversity, Newark N. J. kindly performed -.

the for .,hls experiment. . .



Figure 20:

Figure 21:

'
( . ‘8& . -
. [} ) -
1
Mean serum prolactin levels of ergonovine- and oil-treated

dams on day 4 and day O postpartum. SEMs are shown.

Mean serum glucocorticoid leve
oil~treated dams on d
SEMs are showm.

is of érgodpéiue— and
ay 4 and day 10 postpartum.
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Mean serum progesgﬁrone levels of ergonovine— and
cil-treated dams day 4 and day 10 postpartum.
-SEMs are shown. .
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and Ergo groups showed that progesterone levels of ergo-trea,ted dams-

were lower than oil-treated dams on-day 10 (_t = 1.70, R = 0.05).

Ergonovine treated groups shoned a statis‘.:ically signifioant

increase in. serum glucocortiooid 1eve1 compared with ohat of their oil- .

'injected controls ('rrea..ment Eff‘ect‘ﬂ = 30 36, D < .001). Neither the
' Days Effect noz;- the Day x Treatment -ioteraooion were - statistioally
significant (F = 1.484, p > .05, F = 0.70,.2 > .05, respectively) .

. | : o Discussion | :

| . Ergorovine maleate administration was erfecti've in .suppressing-

serum levels of. prolactin on Day 1 and Day 10 and was also effective in

reducing serun- progesterone levels on Day 10 but not Day & postpartum.

These data are sim:.lar to those reporeed by Tomogane Ota and_ Yokayama

(1975) uho found thae progesterone ],evels were reduced on Day 8

following ergocr-ypoine administration al hough they made no earlier

determina.ions of progesterone levels after prolactin suppression. 'I'he .

i crease in serum proges..erone levels found in this experiment between
days 84 and 10 postparoum in ..he oil-injected group is in agreement with
the data of Tomogane, Cta and Iokayama (1969) and Grota and Eik-Nes

(1977 who. sugges..ed that proges»erone levels peak between days 4 and
8. B ' '

Control animals had serum corticosterone levels _similar o
those reported in intact., .lactating f‘emales by Stern, Goldman and

LeVine (1973). - Eergonovine maleate adminisuraoion resulted in an

inorease in serum glucocortiooid levels compared with oil—..rea..ed

controls. It is clear from .hese-resul ts -tha.. the ef‘t‘ects of prolactin -

-suppressionon nest time are not mediated by a.reduction in circulating

-

SN



‘interpreted as reflecuing the-ability of- very‘ high levels of

89

\., F A -‘.. Le e

glumcorticoid \levels. Rather_,, these results suggest that prolactin. o

itself plays an important role in maintaining nest‘.lng behaviour and tbe

-chronically elevated maternal temperatur'e. =

In light of \.heSe result.s the -data of Experiment 4 may be

4

.corticosterone to compensa e for the absence of. pr-olactin.. It does not

necessarily mean, however, 'that_ prolactln plays no role in the

regulation of corticostercne, levela' in the la'ctatirig ra't.“" It is

-

_possible that the normal ac..ion of pro\a_g_,in i’s obscured in \.he current

experimen For . example, \,here may be a reciprocal relat.ionship
between prolac‘.m and ACTH (the pituit ary homone that stimula..es"'
adrenal gluco_cort_icoid secret;_ion} : similar' to the relafionship that
appears to exist between prolactin’ and luteinising hoi-mone (Everett,

196&)“Given such a reia;ionship,prolad;in si:ppression would increase

ACTE output, which would elevate glucocorticoid levels. Even if in-

this present experimen: prolacltin»-suppressio‘n__'_incf'eased 5 of ~adrenal
reductase leveis, the net effect on glucocorticoid levels would be
offset by the concomitanl increase in ACIH release. A direct effect of

prolacoin suppression on. glu-cocor..lcoid secretion could only be

observed if prolacfin suppression were accompanied by an. ACTH

inhibitor. The fesult ts of this experiment however suggest that it is‘

uniikely -that ﬁhe. effects of prolacoin-suppressiqn on nest time are

. mediated by a reduction in glucocorticoid levels.
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'.Summary and Discussion d . | }1, | - ,-

The results or the experiments described in this Chapter
suggest- that glucocorticoids are sﬁfﬁcient to reinstate 'in Adex-Ovex
dams the normal .daily decline in nest bout duration seen in the intact
dam in the firsu two weeks post partum. Furuher, it appe;rs_ th;t
glucocorticoids may act by stinfu.lating maternal metaboli.;m and. thereby
prbduc;né a chronic increase.in maternal core téﬁperature.ﬁhich renders
the dam vulnerable L0 the acute thermal efrecis-;f huddiing with uheir ;.
litter. . This endocrine action was verified bys making continuous
recordings of uhe core uemperauure of Shagzgg, Adex-Ovex and Adex-Ovex
+ Corticos»erone dams while-they were nesting. As predicted, dams in
the Sham-Gp and Adex-Ovez + Corticosterone groups showed a rise in core
temperature during most of their nest boutls, uhereas Adex-Ovex dams
showed a ‘emperature rise during very few of their bouts, These data
pfovide strong support .for -the_ notion that the effecfs of
adrenalegtpmy-bvariectomy on nest time a}e,Ain.fact, therﬁally

R B
mediated.

While gludBEErﬁicoids appear Lo play an important role in
inducing the hypermgtabolism of lactation throﬁghout the first fourteen
days péstpartum Lthe effects of prolactin-suppression: are limited ttrthe 
secohd week postpartum. No evidence was found to support the
Eﬁggestion that the erfects of prolactin suppression on nest time were
mediated by a2 reduction in glucoco}kicoid levels. Rather, 3t appears
that prolactin itselr has a. direc‘ ‘role in elevating \maternal core

temperature,_thereby, décreasing nest time., tremely high levels of -

corticosterone, however, did compensate for the absence of prolactin.

~
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- The pups’ rcle iﬁ'maingaining the normal batterelof nesting
behaviour'appeacs to be teorbldc - First; stimuli from the pucs'areﬁ
necessary to elicit the hormonal state'typichi ;r the lactating female
rat. In turn, these hormones induce the hypermetabolism of lactation
and thereby chronically increase maternal heat‘ load,. thus making-
fepa;es,vulnerable‘co the acute thermal effects of huddling with their
.litters. It is the acute rise in temperature cpat the-dac experiences
during a nest bout which ;s associated with short™west bouts and
presumably etimulatee the dam %o terminete the nest bout.

Seccnd,_ as notec earlier, pup temperature . is an imporcant
factor in_determining nest .bout duration and pup temperature is, in
part dependent on the pups' food intaﬁeﬁ Milk production by the dam,
as well as increased food intake, are also dependent on pup suckling
stimuty (Flemgng, 1976b, Ota & Yokayama, 1967a,b; Tomogane, QOta, Unne
and Yokayama, 1976). In addition, pcp temperature partly depends on
the delivery of warm milk_to the young. Since.the pups stimulate milk
delivery in their cams, the young indirectly maintain their cwn thermal
stete, and thereb; contribute to the limitation of nest bout duration.
It is evident, therefore, that the pups are intimately, if not directly
involvedlin the control.of the duration of mother-litter contact.

Much of this discussion is based on the assumptioc that the
various hormonal effectsion nest time described above are thermeily
t;:ediat.ed. In the ‘experimeénts described above, the thermal load that
renders mothers vulnerable to the acute thenmal consequence of nesting‘-

was reinstated in hormone-disrupced dams indirectly, by means of

hormone replacement. Direct reinstatement of the thermal load of dams
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same bility to an acute maternal temperature rise during mesting
£R3T 1imits mest. bout duration. - This prediction is tested in the

second part of this dissertation.
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inereasing core temperature.

j& ' ”  Chapter II

L 4

Thermal mediatidn of hormonal effects on nest bout duration

Experiment 6

The effects of ‘ihcrfeasing the ambient temperature on the

hes:ing 'behaviour of adex-o;rex dams

“Adrenalectomy~ovariectomy (Adex-Ovex) produces a chronically

depressed maternal core temperature and chronically elevated nest. bout

durations, thereby preventing the normal decline in daily nesting time

in mother rats. Glucocorticoid replacement (see Experiment 1) restored

normal nesting behaviour in Adex-Ovex dams and reinstated in these

animals the normally elevated temperature characteristic of intact dams

(B:pérh;en; 2). If the effects of glucocorticoid replacement on the
nest time of lacﬁating dams is actually mediated by ther.u.:‘:.al factors,
then one should be able to reslore norft;:al nesting times in Adex-Ovex
females by increasing their heat load such that they are once more
vulnerable to the further a‘cute thermal ;‘f‘fects of huddling with th‘eir

young. If heat replacenment did not result in a decline in nest time in

Adex-Ovex mothers, bthen one would have -to conclude that the:

glucocorticoids had their effects via some mechanism other than by

.

Leon, Croskerry & Smith (1978) found that intaet dams-

maintained in 2 high ambient temperature had shorter nest bouts, and a . ‘

greater rate of core temperature rise during the nest bouts than dams

93




kept at 22 c._ Presmably, 1ncreasing the ambient tenperature increased -
_tbe heat 1oad of the females by decreasing the thermal gradien‘ betueen .
the dam and her environment, thereby increa;ing the dirficulty of heat
loss (Suan 1978). .It seemed reasonable, ther;-rore,. to suppose that
increasing the heat load or Adex—Oven females by increasing the anbient _.
temperature would render them vulnerable to the thermal effects -of.
huddling with their young and would, thereby, reinstate the normal
pattern of nesting behaviour in these females. i’he nesting tiﬁes -of
Adex-Qvex and Sham-0p dams -main‘.:ained at eitﬁér 22°C o:' 25°C we:_‘e.
theref‘ﬁre, compared. ,
| - Method

.The procedures used in this experiment were exactly the same as
those described in Exp_erimtl:n-t 1, tudy 1 except that after the
o'r.ierati.on th;. 8 Sha_in-operated and 8 adr_enalecgomised-bvariectom:_tsed
females and their li‘.tters were pE in a chamber thal was maintainéd
at 25°C. | |

. The results of this experiment were compared with those
obtained in E:per-in;ent 1 for Shan;—Op and Adex-Ovex groups 'l:pt at 22
in a 3-way AAnalysis of ‘Variance nth one related measure. The Geisser-
‘Greenhou_se Conse-f'vative F test was rused to assess the signiricénce
levels of the 'F' ratios of the related meésures.
‘ Results

The main results or: this experimen:t are presented in Figures 23
and 2%. Table IV shows the 'F' ratios and their associated
significance levels for each ractor, for each dimension.
Nest Time It can be seen from Figure 15 that increasing the ambient'

0
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ieﬁpei‘atm'e had a clear errect on the: nes‘t.‘.ix':g t}iﬁea.' ot bothShm— )

: Operated and Adox-Ove:l: females ('remperatm Errect E = 70 89, _n <

.001). ‘rhat ‘the- effect of. temperature on nest time was similar in both"
the Sham-Op and Adex—Ovex groups is indicated by the absence .of a
JR (E=0. 19,_&) .05)

for the Sham-0p and Adex-

signricant n'eatmen -Xx Temperature in..erac

ﬂgﬁ_ﬁmy_ The mean daily nest frequg

Ovex groups ‘at 22 °c and 25°C are shéun in Plgure 16. The ANOVA

: revealed a significan.. effect of t batment on nest ﬁ-equency (E = 7.48,
-p < .01) probably r-eflectmg the uendency for the Sham-Op at 25 C '

' group "to show an increase in fr-equency and the Adex-Ovex group at 25 c .

to show a decrease in ‘nest. bout ﬁ‘equency.
Discussion
The resulis of this experiment clearly show that increasing the .

ambient temperature alone is sufficient to reinstate in Adex-Ovex

\ '3
remales \.he decline in nest bouu duration seen in intact dams. As-

-

e.xpected, the increase in amdoient temperature also caused a fur'ther'

decrease in nes. time in Sham-Op animals. These daua.strongly support )

-the proposal that thermal factors play a role m limitmg the duration '
of mother-lit er contact, and more particularly, that the effects of

_adrenalec;omy—ovariectomy on nest time are themally megated

There was a tendency for inecreased ambient temperature to

inecrease nest frequencj in the Shain-'-Op gro'up but decrease it in the

. Adex-Ovex group. Specifically, the nest frequency of the Adex-Ovex

group at 25°C had lower frequencies in the first five days of the
experimex:t than. any of"mtjhe ofher threemgr'oups.- The Sham-Op group at

25° c, hawever-, had higher frequencies between days 7-9 ‘n:e low nes..



.f“q““c? 1n.the Adex-OVu 8roup at 25 % pmbably did not eon'tribute to: P

the iecune in -nest.: time seen in this growp, because t.here %as no
fnrther decline throughout thetrest Sf the, experiment e chansea in
nest tine_obsei'ved for all groups over the ceurse of the experinent
kreaulted therefore, from a chanse in the duration or mdividual nest
: bouts ;-ather than in their rrequency. : _ '
The results of this experiment show that increaaing ambient
temperature is suf‘f‘icient to restore the normal decline in daily nest
time in Adex-Ovex— d-ams. Thus," these results are consistent with the
notion that the 'loss of glucocort.ico ds in Ad‘/;x-Ovex dams had its
e.f‘fects on nest time by mak:.ng the jd}j Ovex dam less vulnerable to the

themal er‘rects of huddiing with her litter. These data again suppor't

the idea that nest bout durat_lon can be limited- by the'rmal factors.

~



Experiment- T . : N
Ihe e:rects ol increasing the ambient temperature ‘on chronic maternal"
and pup tenpera.ure in &de:-Ovex dams an& ‘the consequences for changes

ig mate; al temperature durins a nest bout

The résults of the P _ous experiments provide further support
for the notién that the thermal/ éomponent‘s of mother-litter interaction
are eseentie; for the elicitation of ;pe'horeel'decline in daily nest
time. | In ‘E.‘xperimelht 3 it was demonsirated that exogenous

"glucoeorticoid adminis:‘;“.ra..ion made Adex-0Ovex dam‘s vulnerable %o %the’
acute x.hemal effects of huddling wi h their pups and ehese dams. showed
a further rise in core teeperature during'nest bouts. In Experiment §,
it was demeﬁst:‘ated that heat replacement —a.'-;one was sut‘fiéient o
induce the no'mal decline in: daily nesting time‘in Adex-Qvex: da;ns.'
Presumably, the high ambient tember-ature decreased the‘ rate of heat’
dissipation from the dams_and their pups, and resulted in 3z chronically.
incr'eased ma\.erual core and ventral \.emperaeur-e as well as an increase

_in_pup temperature. These fac..ors should combine to yield shorter nest .

bouts by subjecting: Adex-Ovex dams to the acuee thermal consequeuces of

-~

huddling. | Adex-Ovex dams in an ambient ..emperature of .25°C should then
how \.he acute rise *n core .,emper'ature .,ypiéal of hormone replaced and
al dams Zuring a- nest bout.

Study '.?a 1 determined the ehronid effects of a high ambient
_tempera}"we cn the core and veniral \.emperatm-e and pup oemperauure
of Ad(a-t)vex dams by recording these parameters once eacb day ‘either in

\ * -

ST



. 103

22% or 25° c ambience. 1 t.hen detemined in Study’ 7b the emcacy of
increased ambient. temperature in producing an a.cute rise in tenperature_
'~_ .irr Adex-Ovex"dams during a nes" bout by making continuous recordings of

maternal tempez_‘ature in Adex-:Ove: dams. maintained at 25 C.-'

Method - |
Study Ta ] .
| 'I.‘he dams arid their litters which had served as subjects in
E:xperiment 6 were used in the - present exper_iment. Haternal ve_ntral and
core temperatu;‘e -and - pup’ ‘ski'a temperature were r_neesure;:l daily as-

described in Experiment 2. The results of* this experiment were

‘ compared with those obtained in Experiment 2 for Sham-Op and Adex-Ovex

ETOuUps

: 2°C in a 3-way Analysis of Variance with one related

measu

Study Tb

Animals in the Adex-Ovee at 25°C were operated, implantee and
maintained usies ‘the same procedur-es as those deseribeg:l for the Adex-
Ovex group in Experiment Nﬁh the excepiion that the 6 dams and
their litters that were used \#k subjects in this experiment were'
maineained at 25 °c f om Day 2 postpartum. :rhe percen;age_ot‘ nest bouts

during which the dam experlenced 2 rise in core temperature the change

in core temperature ;vei* “he course of -these nest bouits and neszt bout

duration were transcribed and compared with J:e same measures obtained

for Adex-Ovex and ShamQOp dams thatl performed as subject‘s./in Experiment

_3. ) ‘ B *
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. A ‘ . ' ) ‘Requl.ta
Study 7a .' ‘

'l'he main resulta of this study are presented in Fisures 25 -

- Table ,V shows the 'F' ratios and their associated s{gnificance

7-1ei7els for each factor f‘or each dimensioh.

.

Dan Core Temperature Overall the Sham-Op groups showed a hisher core

temperature than the -‘Adex-0vex groups (Treaanent Errect F = 33.57,‘ <
.001)_‘. None of the other factors yi_elded significant results.’
Increasins the ambient tempersture produced a rise in core temperature
in the Adex-QOvex females and_ a .-:.nall‘ dec_rease in the core tempéra;ure
of the Sham-Op group (see F‘i.sure 25}, probabdbly accounting for the

nonsignificant temperature effect.

-

Ran Ventral Temperature Increasing the ambient- "anperature had 3

. highly significant .ef‘f‘ect on maternal ventral temperature (E = 19.43,

R < .001). Although the effect of treatment on this parameter was not

signifiecant (F = 3.79, 2 > .05} there does appear- Lo be a tendency for

the ventral temperature for the Sham-0p dams o be higher t_han the
Adex-COvex dams (see Figure 26). .

'f skin rat Figure 27 shows %he mean daily pup skin
te@perature for 21! four groups included in ‘he analysis, Both
treatment and ambie;':: temperature had a significant effect on pup

temperature (X = £.76, p < .05 E = 31.3, p < .001, respectively).

ty

There were also significant Trea‘ment x Temperature zand Days x

Temperature interactionsW(F = T35, 2 < .05; E 5.55, » < .01
respectiively), The s=ignificant Treatmen: x Temperature {nteraction

probably reflects the’ tendency for temperature of pups of Adex-Qvex
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Figure 25: Mean daily core Cempcgatﬁrc of Adex-Ovex and Sham—Op
: dams maintained at 22 C and Adex-Ovex and Sham-0p dams
maintained at 25 C. SEMs are shown. ‘
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Figure 26: Maean daily ventral

, 1108, " :
1. .
. L - . —
-, ’ - < o
1
(.

fegperatune‘of'Adex-Ovex and'Sﬁam-Op

dams maintained at 22°C and .Adex-Ovex and Sham-Op

dams maintained at 25 (.

SEMs are shown.




09

e

ol

8 . 8 L 8

]

..o WNLHYA1SOd SAV

I

L L I

_ : 082 ® WVHS O
.. e§T ® X3AO-X3aQv O
T - o2Z @ WYHS ¥
. oZZ ® XaAO-X3aV ¥

N

!
.m_\
™

i
o
o

(0o WL TVHLENIA TYNHILVA

i
™~
™

2

i

» ®
A
\, -

-



b

Figure 27:°
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Heaﬁ-diily pup shgn tgﬁperaturpfof Aéeﬁ—Ogex and Sham-Op
dams maintained at 22°C and Adex—Ovex and Sham-0p dams

maintained at 25°C. SEMs are shown.
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mothers at 25 C to. show a greater increase over. that of ,Adex-Dvex'

"\ -
mothers at 2a°c than that ‘of - Shan-Ops at 25°%c over Sham-Op pups at

'22 c. Pups of Sham-Op nothers at 25 °¢ showed particularly low

- temperatures ‘on Days 5 = T which probably contributed to the

significant Days x- 'l‘emperatura interaction.
Study ?b

.Figure . 28 shows a sample recording of- the change in .core
temperature during =z nest’ bout of an Adex-Ovex dam at 25 c comp_a;ed
with that of Sham-Op and Adex-Ovex dams. maintained at 22%. Figure 29
shows the mean. bout duration for the Adex-Qvex at 25% group combé'réd ‘
with that for the Sham-<Op and Adex-Ovex at 22°C groups. Statistieal
analysis showed an overall significant effect of tireatment. Post hoe
analyses showed that .tt-ie nest bouts of Adex-Ovex 'females at 22°C were

significantly longer than those of the' Sham-0p and.Adex-Ov‘ex' at:25°.c,

The differences belween the latter groups were nonsignificant. "
. . A . R . f .

The mean percex?age .&f- bouts during which these females showed
o ~ /

S ‘ /
an increase in corg.-lemperature compared with: Sham-0p and Adex-QOvex

dams maintained 24 22°C is shown in Figure 30. It is clear from the

statistical analpsis thiat there was 2 highly significant effect of

treatment -on thiy dimension (E = 26.37, D < 0.01). -Figure 31 shows the

mean r'ise. in ¢t perature. for the ihree groups. The results of the

. statfatical a lysis show no overall-effect of treatment (E 1.5, p >

0 05) alt hom is clear that there is a tremd for the r‘_isé' in

temperature io be gréater for Sham-Ops than Adex-Ovex at. 25°C and for

both these groups than Adex-Ovex at 22°C.

RN
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Figure 28: Sample trace of maternal core temperature during a nest
- . bOut from a Sham-Op dam, an Adex-Ovex dam maintained at y

122 C and an- Adcx-Ovex dam maintained at 25 c.. : e
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Figure 29:

-

Figure 30:

.maintained at 25°C. :

Mean bout duration SEM of Day 10 Sham-Op and Adex-
Ovex dams maintainmed at 22°C and Day 107 Adex-Ovex dams .’

.

Mean percentage of nest bouts during which Day 10.
Sham-Op and Adex-Ovex dams maintained at 22°C and
ay 10 ‘Adex~Ovex dams maintained at 25°C showed an
increase in éore teﬁxperaturg. SEMs are shown.
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- an increase occurred, of Day 10 ShamOp and Adex=-0Ovex
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Discussion . . - .
.Itfis clear froq the results of Sthdy'farthat'increasing the
anpient‘tempeféﬁuré"incraaSed dam core and ventral temperature as well
as pup temperature in Adex-Ovex dam:.  These daga‘supﬁcrt the ﬁbtion

that increasing ambient temperature increases the heat load of

Adex-Ovex dams such that they becoae more vulnerable to a further acute

temperature rise induced by huddling with their pups. = The data
obtained in this study suggest that increasing ambient temperature

4 . .
ac&ieves this result not only by- chronically increasins‘ maternal

temperature, but al;olby inereasing pup temperature such that atl bdout
onset the temperature of the entire huddle is increased.
The results of Study 7b demonstrated that the changes in dam

and pup temperature induced by increasing the ambient temperature are

sufficient %o render Adex-Ovex dams vulnerable %o ithe acute thermal

-effects of huddling with' their young. Adex-Ovex dams maintained at

25°C show an acute rise in temperature during the majority of their

nest bouts on Day 10 postparium. These animals alsc have shorter nest

bouts than Adex-Ovex dams maintained at 22°C which show no such acute

L 4 . -
rise in temperature during nest bouts. Sme—Fzct that heal replacenent

-

alone was sufficien: to produce these behavioral effecis’are consistent .

with “he notion that the success of glucocorticoid replacement therapy
in reinstating the normal decline in nesting time in Adex-Ovex dams :Is

due %o ithe chronic elevation of maternal temperature.

L
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. | Experiment 8
The el‘t‘ects of increasing the ambien temperature in the second week
postpartum on the nesting behavidur and temperature,_br prolactin-
. suppresséd dams.

" Prolactin suppressed dams do not show a decline in daily nest

- . ¥

uime in the second week posupartm and have a low core tempera‘.ure

compared with normal mo\.hers at this time. Prolactin replacement

-

therapy to dams following prolactin-suppression by means of ergonovine

" maleate injections reinstated the normal pattern of nesting and the

normal elevated temperature (Leon, Croskerry & Smith, 1978)
Similarly, exosenous conicos‘.er‘one adm*nlstra.,mn restored the normal
pattern of nesting behaviour in prolactin-suppressed dams, and also
increrased ‘their body temperature (see Experiments Il and 5). { seens
likely that the effects of prolactin suppression on nest‘ing_t‘ime would
be thermally mediated in much the same way as are the effects of.
adrenal rénoval. That i:;;, prolactin suppression results. in a chreonie
decrease in maternal cere temperature in the ‘second week itpartum
that réndérs the dam invulnerable Lo “he acu‘t.e thermal e!‘fect‘;s of
huddling with her ycoung. If prolactin-suppression halis the .decline in
‘daily nest tim%by eliminating f-he normal heat load of m:':ther rats,
tpen replacing t‘:he heat 1load in prolaclin~suppressed dams should
restore the normal lim;ta..*o.': of these bouts by the further, acute

temperature rise experienced by intact dams during nesting.
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i

““The - nesting behaviour of prolactin-suppreased dans, thererore,

was recorded when. t.hose females were either exposed to a high anbient.
: ‘temperature or to. the normal laboratory temperature in the second week. .
postpartum. If, m this inatance, heat replacement did not result in.

the prolactln-suppressed females showing a decline in da_‘.lly nest time

t.hrbughmf the first 14 days postpartum then one would have to conclude
‘that .the effects of prolactin suppression on nest time were not

thermally mediated. = - h . . ”

. The results of Study 7a showed that increasing 'ambient

temperature bad its .effects on nest time in Adex-Ovex dams by

increésins not “only maternal temperature but also pup temperature.

Maternal and pup ‘lemperatures were recorded in this experimént to

determine if. heat replacement in prolactibysuppressed dams bad effects

“Kperiment. ' \

Y Ay

-Sm‘ﬂﬂ.‘; to thosewsbserved in the
o , | Method
-Subject.s
- Fourteen virgin female Wistar rats weighing 220;250 gms served
as subjects in this experiment.
Procedure

Virgin females were mated and removed ito individual cages two

days prior to the expected date of parturitidn. "On the day of birth

(day 0), dams were paired. One member of eactlx paif was assigned to the
ergonovine + heat repiﬁéement '(Ergo + Heat) group and thg other to the
oil-'in,{ecte.d (Control) group. Beginning on Day 1 postpartum the eight
animals in the Ergo + Hea.t'zgroup were given 8 mg erggnovine maléte in

0.2ce oil daily at 12 noon. The conirol group were given 0.2cc oil



veh:l.cle at that time. Beginning on Day 6 poatpartm dams in the Ergo +-_.'-;.‘, SRR

Heat 3roup and their 1itters were placed in an ambient temperature of‘-'- i

25 C. Control animals remained at 22 C Litters were switched daily

-between dams in _the ’cht_r,ol and Ex-go +* Heat groups and intact colony-

-mothers. Nesting behaviour and temperatures were recorded and.

xsubsequently analysed as in E‘.xperiment 1. Comparisons were also made

-

. -between the Ergo + Heat group ancL ‘f.ge ergonovine-treated group

: TN
maintained at 22°C described in Eb:pew b,

-
L

_Results KA

The main results of this experiment are presented in Figures 32

- 35. Table VI shows the results of the s..atistical comparisous.

Mean da:.ly nest time for each ‘group is shown in ‘Figure 32. The

‘treatment and imeract:.on eff‘eots for .the Control vs Ergo + Heat

comparison were nonsignificant (E'= 0.81, p'> .05; E = 0.60, p > .05,

respectively). The days effect was highly significant (E = 53.05, p <

.001).

[

There were no _statistieally significant’ effects of days or

treatment x days interaction on nest frequency (E = 1.84, p > .05;'F

0.20,, p > .05) bu:t there was a significagt effect of treatment (F

6.24, p < .05). ~

Maternal core 'temperature was significantly lower in the Ergo +

Heat group when compared with Control dams (F = 61.5, » < .05) but

_-' Lhigher when compared with the E:r%g:%up maintained at 22°C (E =-25. TB

p < .01). Day and Day x. Treatu}ent interaotion effec‘.s were

nonsignificant (F = 0.5, 2> .05; FE = 2.17, 2> .05}).
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Figure 32:
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Mcan daily nest time of oil- and ergonoviné-treated

dams maintained at 22°C and ergonovine-~treated dams
maintained at- 25 t. SEMs are shown.
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. i‘igﬁre‘ 33: Mean dZily nest bout frequericv ©0f oil-'and’ ergofiovine-—
treated dams ;naintaingd at 22°C and ergongvine-treated
dams maintained at 25°C. SEMs are showm.
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Figure 34:
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Mean daily core teﬁpeiature'ﬁf oil~ and -ergonovine-
treated dams maintalngd at 22°C and ergonovine-treated
-dams._ malntalned at 25°C. S®is are shown.
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 ‘experiment.

group ccnpared to the COntrol group (,E 8 07, _n < .01). Ihe days_ -

eft‘ect was also significant (1 = 5. 57, ,n < .05). I'he days x treatment

’errectwasnonsigniricant. e S

. Discussion

These resul ts show clearly that raising the ambient. temper'ature

lS suff‘iclent to reinsta\,e the normal decline in daily nesting time in -

prolactin-suppressed dams. ThJ.s manlpulation also raised .the matemal

- core and pup *temperauure above g.hat-;- of .ergqnovine-t'reat._ed‘ animals

‘maintained at. 22 . As in E:xpebiment 4, Ergonovine administration

Pup tenperatm'e waa sisniricantly 1omr in the Ersm-.- Beat. .

rjesulted in high nest frequencies throughout'the couése of the

W -=

effects -'.of prolactin-suppression are thermally mediated. ese data

The results of this experiment support the hypothesis that' the’

also provide further sub?:orﬁ for the more géneral notion that tr_:en_nal“ ‘

factors play an imporiant.role in limiting nest bout duration.

it
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Figure 35:
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Mean daily pup temperature of o0il- and ergonovine-
treated dams-maintaingd at 22°C and ecrgonovine-treated
dams maintained at 25°C. SEMs are shown.
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Summary and Discussion

The results of m:periments 6-8 -are. consistent with the notion
that the effects of‘ adrenal removal and prolactin suppression are, in
et, mediatedl by thermal factors. -When the heat load of A_dex-Ovex and :
prolactin-—suppressed _dams‘ is increased .bjr raising the _ambient
temperature, then thé normal déily d'-ecline‘ in nest time is reinstatc&.
0Of course, increasing the ambiént t'emperature is only one of a number
| of manipulations that would result in increasing maternal heat load and
thereby, in ::t decline in nest time. Heatins the pups or dam directly
.m.sht be expected to yleld similar résulls.

In Experiments 2 and '? it was possible to relate the chmnic
themal s..ate of the dam to the presence or absence of an acute rise in
maternal core temperature dﬁring a nest bout. Sham-0p dams and
Adex-Ov'ex- + Corticostemne dams at 22 °c and Adex-Ovex d at 25°C
showed a rise in core tempc‘erature during m-cst of their nest Obouts.
Adex-Qvex dams main.tained_ at 22°C, on the other hand, experienced such
a rise on few c;f their' nest bouts. Thus, it was possible to show tt{at
those dams with a chronically elevatet;l ‘heat load tended to st;ow an
acute rise in temperature -during the'majority of t}aeir nest boutls.
Moreover, those groups that ;showed a rise in ‘emperature in a high
percentage of nest bouts also had ,cut‘tailed nest bouts. Furthermore, I

have established that the chronic elevation in maternal heal load

Wocrinc control.

’
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Chap;er I.II.

The increasiﬁg influence of thermal ';i‘éétors over the course of

-

lzetation
Experiment 9 _ .

Comparison of the change in core températ.ure efcperienced during a nest

bout by Day 4 and pay 10 pos‘.panm females
&

'I‘he results of ube previous experiments proyide support for the

notion that thermal f‘acuors can play an mportant imiting hest

bout duration. The question is whether ..hese "he-mal factors actually

contribute to the progressive decline in dally nesting Lime during the =

first f:wo weeks postpartum. Croskerry, Sm:.x.h & Leon (1978) p’ropo;.ed
that the steady dec:ii_:je in daily nest time is precipitated by the
development'_of the pups. Specifically, as the Pups gain weigh® %he
maternal huddle increases in mass at a greater rate than its surface
area t‘_-or heab dissipation. Consequently, the rate at which heat is
retained by huddle me:ﬁbers during a nest bout increases. It was
predicted that this increased rate of heat retention would c@‘e
matern-al temperaturfe to risze more and more rapid],yf and force pest bo;z
termination after progressively- shorter periods of time over ‘the .colur'se
of lactatior_x.

In addition to such physical factors, there also may be gradual

physiclogical changes boih in the Pup and in the mother that also

contribute to nest-time decline. 4s the pups mature, they become more
efficient homeotherns, and #onsequently, as they become older, are

134



J_l* .
.

T3S . L N ?‘ ISR

~

-

. '__'liiceiy to lose 1ess heat ‘to the environment during inter-bout int.ervalsl‘

\ -(Gelineo and Gelineo, 1952). Further, the results of E:tperiment 2

shoued that dams-have a further, chronic increase in core temperature;fﬁ
around Days 5 ~-.7 uhiCh.is maintained throughqgt.the ggcond‘ueekf(see
Figures 6 & 7).'ifhesé three factors should combine to increase'thé
theﬁmai load on mothers as lactation proéreéseé and the;eby, decrease
the duration of ne;t bouts. If there actu;lly is a pfogreasive
incredse in the thermal load of lacuauing females that c;ruails nes»

"bouts more and more. qu:.ckly, then \.here should be a correlative chanse'

in the acute rise in maternal core temperature that the females

ekperience during a nest ‘bout. If no evidence for a progressifeiy'

; increasing éffect'“of heat 1oadl were | found, then one would have to

conclude that alt hough thermal facuoi’/hay play a role in limiting nest

. bout duration, they do not change o;gr the course of lactation in such

a way a3 to produce progressively Shorter nest bouts. _An alternative

‘gxplanationwuould then be required e gradual decline
b ) .

in nest bout duration seen in the in®
postpartum.

IncEeaSing the ;otencyi;£_thermal factors may affect ngét time
elther by.incregsing the propoééion of nest’ bouts during ﬁhiéh the'déﬁ'
experiences a rise in temperature and/or by.increésing the rate of .rise
of‘maternai core tempeéature during a neét bout. These possibilities
were te;ted by recorq;ng the core temperature of Day 4 &aﬁs, who:have
relatively. long nest bou}s, continuously for 23 hr aﬁd the data-
obtained from Day 4 dams: was then comparéd Qith similar data obtained

. ‘ B :
for Day 10 females, who typically have much shorter nest bouts.



'SubJeets R

'Procedure

*
b

P U - . St

Six multiparous female Histar rats served as subjeots in th:.s

experiment. c R

All dams in this experiment were :unplanted with a thermistor on

. _"Day 2 mstpartum as descf‘ibed in Experiment 3. * Core temperature_was

“"monitored continuously from noon on Day 4 unti noon .on Day 5. The

‘chan,ge in maternal core temperature between onset and temmation of

each bout and nest bput durat:.on were subsequently transcribed. ‘Mean.

‘ bout duration and the percentage of bouts during. uhlch core temperature

‘:"Use were subsequen..ly calculated for each dam. For those bouts on

maternal core temperature did in f‘act show a rise, the mean rise

in temperature and mean rate of rise durmg a bout were then determined

or each dam. Mean ra& of rise for a nest bout was calculated by
simply - div:.ding the change in .core temperature by nest bout. durat:.on.
Results were compared with similar data obtained in .Experiment 3 fﬁ-om
Day 10 dams usir;g a students' '4' test f‘or'independent-samples... v

o R Heeults | )

Fiéure 36. shows‘ sample records of maternal core temperature
during a neso bout for a Day.% and a Day 10 dam. Mean bout duration
for each group is shown in Figure 37. The mean percentage of bouts.
during which dams showed an inorease in core temperature for the 6
f‘emales in each groupis shown in Figure 38 Figure 39 shows the mean

increase in core temperature over the course of a nest bout for that
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‘Mean percentage ‘of mest bouts during
‘Day 10 dams showed an-increase in co
SEMs are shown. ’ :
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proportion of nest bouts in which ther ﬁﬁs a rise and Figure uo shous

-

' the mean rate of rise for these bouts.

Statist.ical analysia revealed tha» the differenees in nest bout
_durat.ion and pr-oportion of nest bouts in which there was a. rise between

these tuo groups were. statistically signiﬁcant (j,_ 6 16, D < .005 .1;.

-

= 10.82, 2 < "..005 respectively). The _dif‘f‘er-ence j;n absolute rise in -

‘core temperature was not statistically s:‘.gnit‘icant (_t,_ :0(.92, 2> .05).

@e difrerence in rate of rise between- Day,lz and- Day 10 -da.ms although
- = .
J.arge, is only- s:.gmf‘lcant at the p < .1 level Lg 1 146), undoubtedly
t
because of the large var‘iances and small number of subjeets in these

gr'oups. . 'l‘he dlf‘ference in rate of‘ maternal tmperature. rise is,.

however, highly sxgmhcant when a Mann-\ihitney U tes» is used (_p_ <
.0).
Discussion
It is clear ft;om the reeuits 6f this experiment. that thermal
factors play a greater role in limiting ﬁﬁe dubaﬁion ef the nese'beuts
én Day 10 postpartum ‘than on Day 4. .On‘Dayz L, most gest bouts are

apparently limited by non-'triermal factors, per:ﬁafas the need of the

mother to f‘orageﬂi-ae’y 10, however dams experlence an acute rise in

temper‘ature durlng 95% of t.hEl!" nest "bouts and there is an incr‘eased

effect of thermal. factors within bouisz such that the rate of rise of

‘maternal temceréture is'increased. Thermal factors apparently play an.

-
importanc role in llmlting nest bout . dur-a..ion by Day 10 poatpamtm

It is mpomam to. emphas:.ze agam the\ addit:we nacure of the

factors involved in increasing maternal heat load, which limit nest'-

bouts. Such factors include the size .and age of litter, si_z_e of*

s ) .



Figure 39:

Figure 40:
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Mean increase in core téﬁperature, on. those bouts where .
an increase occurred of Day 4 and ‘Day 10 dams
SEMs are shown. .

ﬁean'rate of rise ofAEoré teﬁperhture, on those bouté‘-
where an increase occurred, of Dav 4 and Day. 10 dams.’
SEMs are showm. .
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mother, insulat‘ing properties of nest, and ambient temperature as well

nas the dam's chronice temperauure. On Day 4 or Day 10, those themal

ractors may, or may not add’ to limit nest bout duration. For'-.example‘, /

Day § dams show a sharp decrease in nest time in a warm ambience,

‘ evidence of their susceptibility to themal limitation or nest bout

lensth even at that point in lactation (Leon &oskerry & Smith 1978).
Oa the ot»her' hand Day 10 dams have prolonged bou..s in a cool ambience,
despite the. increased heat production of both mothers and pups at this
time (Leon, Croskerr}' & Smith, 197&) As lac..ation progr'esses, dams‘ .
experience an . acute *ise in core temperature during a nest bout both
more frequently and more rap}d"} The overall increase ‘in. the themal
effects of huddling with her litter are con31stent with the prOposed
?ole of thermal factors in inducmg progress:.vely shorter nest bouts
and thereby the declihe in daily nest time typical of 1ntact dams.

'_l‘he results of this experment, uhi_le demonstrating that -

thermal' factors increase in mportance over the flPSb two weeks

postpartum and thereby contribute ‘to the decline in: nest. time, also ‘

emphasize the importance of nonthermal ractors in stimulaoing the ‘dan
to terminate a nest bout for at least some part of this period. pams
have approximately the same number of nest bouts on Day y postpartun as
they do on Day 10, although the bouts On Day 4 are much longer. There
are-obviously some factors working on the Day 4. mother t0‘stimulate-her
to terminate her nest bouts. Such factors as the need of the mother Lo

eat drink def‘ecate and urinate may all play a par-t in stimulating

™
bout temmation at this time. A

[
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A larger perspective % the role of themal ractors in limiting

nest bouts comes froa a consideration of.‘ the fdam with_her 11tter, as’

) bei.ns invol.ved in a decision making proeess {McFarland, 1977) and of

themal cues aa ~heing one of a number of ractors involved. The

“decision"‘ the dam has to make at any one moment is uhether or not to

leave her young gnd_her pattern"of behaviors would be expected to be
such as"to: maximise .her differential reﬁéoﬂuctive sucQess. The
mechanism that sets l:'_.mit:‘s dn her. "t_i‘e'cision“ka_s_to how long to remain
ﬂ&%@pwewwmbeMawwdﬁmt&pmmﬂgmmﬂmdwwﬁu

of the current litter as well aS with tte totheéf; maximal teproductive

potential. 1In the simplest eonditioné,‘two sets of factors.woﬁld be
inYolved in, thie decision: 1) that' group of. factoré such"as pﬁps
attaching to-the nipple and suckling, and sensory feedback from milk
delivery cues that would maintain contact, and 2} those cues a330clated
with the dams need 10‘ main“ain her own homeostasis, which would
stimulate the interruption of contact with the young.A Hten the dam
initiates a nest bbpt,‘stimuli from the'latte} set of factors
tpresumably are very,yeak, but as the nest bout continues these cues
become stronger until‘-they finally eutweigh the ‘cues that maintain

contact ‘and the dam terminétes the nest bout.

From this .perspective, thermal cues are probably best viewed as-

one of a number or homeostatic ractors tha cause the dam to terminate
a nest bout. Ihe.contribution that thermal cues make towards the dam's
"decision“ to leave her yoﬁné will depend on such factora as size and

age of litter, body weight of the dam, and ambient temperature. As the

Y

'_resulta_ of. the experiments described in ' this thesis indicate the



contfibutidn.of.the:mal cues to -the dam's "decision™ to terminate a
‘nest bout also depends on the-hg;ggnal state of the mother.
. Specifically, the elevated heat production typical of the lactating

: dam,'ghich renders hgf more vulnerable to the acute thermal .effects of

huddling with her young,'apbéar; to depend on the presénca of high

5 '. ) . B . . . ' .
circulating levels pf prolactin an§ glucocorticoids.
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