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Diet-induced hyperthermia: Time gcourse of response and -
influences on mother-litter contact and pup development in the rat.

Vonp
]
<ida

Frank Joshua Ellison

Vo ”

~ ”

Dietary influencg§ on body temperature in lactating and non-

lactating female rats wete examined. In Experiment 1, two groups of

v

lactating females (n=8) were presented with one of two nutritionally

1

adequate ané similar commercially available diets (Purina L;b~Chow (Lc)
or AIN-79 Semipurified diet (SP)) for 14 day; bostpartum; ﬁams fed the
SP diet had consistently higher core Lemperatures a¥ both 0830 and
12030 h than did those fed the lab chow diet even tﬁough g}am food and

caloric inCakés were similar between the two conditions. LC and SP pup

-

body weight gain was also similar. In Experiment 2, diet—fhddced
L

hyperthermia was used to alter patterns of mothér<litter contact while

nutritional differences were minimized to determine if such changes.

could alter the course of pup development. Two groubs of lactating

females (n=8) were presented with one of the two diets and contact time

4

wge continuously monitored for 14 days postpartum.- Compared to females-

fed the lab chow, females fed the semipurified diet and their pups had

—

higher core and skin temperatures which contribuyted to a reduction in

-

e - “
nest time during the light portion of the light/dark cycle while

[+Y
the frequency of mest visits was similar. It was shown that the

. L
-
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reduction in SP'nest time resulted from shorter nest bout durations.

Reduced nest time did not afgect-xhé growth or development of the SP
Tk - ~ C

N - " pups although they were better able to thermoreguféte than &C offspring.

Reasons which may have enabled the 'SP young to grow as wé&%ﬁ;g their LC

N s

counte;parts‘are'discussed. _Experiment 3 examined the time course of
the‘hyperthermic response a¥ well as any transient hyperphagia.in “rfon-
», o et

oy P L et
“lactating females (n=11) when after 10 days the lab chow was §witched to

the semipurified diet and when .original dietary status was reipstated.

AN

, Pfgsentathn of semipurified diet produced an immediate but transient
: . . ? ’

U ) .
caloric hyperphagia as well as impediate hypertherpia which lasted until
days 11-15 of the lab éhow reintroduction phase. Potential mechanisms
contfibuting to these effects are discussed. i
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*Rat young are dependent upon their mocher as a source of heat and
'nourishment. Initially, the lactating female rat spends approximately
BOZ of thg day- with her young (Grota and Ader, 1969) during which time

shejprovides warmth and: food to her offspring. Meeting the needs of her

l
g g N

you for.warmth'and food places demands on the dam for both time and

. '
[ (3

energy. ~A number 9f studies (Fleming, 1976; Kennedy, 1953; Leon,

N ' - -

Fischette, Cheé and Woodside, 1983;. Richter and Barelare, 1938;
Woodside, Wilson, Chee and Leon, 1981) have examined how the dam meets
“Hesé-demands as well as the way in which dietary and thermal factors

influence the interaction between rat dams and their lit'ters.

°

Kennedy (1953Q has reported that the female rat consumeés more

-

digestable energyﬁfer day duriﬁg lactation than at "any other time in her
A

1ifespan fshowing a three fold increase over the levei//Pf intake df
non-lactatbng females (Kennedy, 1953; Fleming, 1976). Moreover, the

ihcrease in food intake during lactation in the rat {is directly

~

proportional to the size of the suckling litter (Ota and Yokoyama,

@

1973). Evep when lactating rdls are presented with diets diluted with a
N4 - T ,
non-nutritive substance they are able to compensate for the decreasetin

caloric dénsit} by increasing the quantity of food inéeeted (Peterson
. &

and Baumgart, 1971; Leon andtﬁoodside, 1983).

The female rat is not only able to increase hér overall food intake

to meet the demands uf lactation, she also shows a change in her intake

of certain macrcautrients during this period: Richter and Barelare
b] s .

(1938) assessed self:selectiqn patterns of the female rat across

pregnancy and lactation when given X variety of foodstuffs including

[

protein, fat, carbohydrate, and calcium. “Their results indicated that

.
\)



i

during pregnancy, females selected greater amounts of protein, fat and
calcium‘thén during estrous cycling and even greater amounts during

lactation.

While Richter and Barelare”s (1938). sfudy hasrproved difficult to
' ®

.

>

réblicate (see Tribe, 1955) other rgsearcheré using different procedures
(i.e. t&o;phoice tests) haye been able to confirm that rats do indeed
increase thefr protein (Coﬁen, 1983; Leshner, ééllier and Siegei: 1§72)
and cglcium (Millelire and Woodside, 1985) intake..

erﬁiving the female éf either food or a specific macronutrient has
Seen shown 'to have negat;ve coﬁsequences on both her and her offspriﬁg.
?or example, 1mpgsi;g food restrictioﬁ has resulted in reduced body
weight of the dam relative to canrol females allowed ad libitum acces;?

r .
§) . . ' -
to the same diet (Leon et al., 1 31;$Joodbide, Wilson, Chee and Leon,

1981), The reﬁuction id the;dam™s weight during these restrictive
conditions i§ apparently an indication that maternal corporal energy
reserves have been mobiliied enabling‘:;;\E;é‘to Buffer the consequences
of a poor maternal diet on the offspring (Leon” and WOodsid;, 198 3).
Moreove;, food restriction affects not only dam weiéht gain but also pup
growth, which is impaired(Altman,Das,Sudarshan;nd'Anderson,1971;
A;tman and McCrady, 1972; Chow and Lee, 1964; Ottinger ana Taqabe,
1965). Further, relaéive to those'pups whose mothers were given Eﬁ
1{b1£um access to the same diet, the young of malnourished dams show
decreased spontaneous locomotor activity (Altman and McCrady, 1972) and
a decreased ability to perform a learning task (Ottinger and Tanabe,‘
1969). Similarly, the presentation of a low prote%p diet has resulted
in-the reduced body weight of the dam (Lynch, 1976; Massaro, Levitsk;

and\Barnes, 1972) as well as a reduction in offspring body weights

d



(Forbes, Tracy, Resnick, and Morgane, 1977; Massaro, Levitsky and
Barnes, 1974), an elevation in braid:body-weighf ratio ungil after
weaniné (Forbes, Resnick and .Morgane, 1977), reduced explo;atory
behaviour (Weinéf, Robinson and Levine, 1983) and a decreased proportion
of time épent feeding, drinking and élimbing kMassaro,—Levttsky and
Barnes, 1974;‘ﬂa11; Leahy and Robertson,,l979x

Altﬁough the food rationing and protein restriction studies
indicate that lipit;ng nutrient availability to the dam adversely
gffectg\the development of the offspring, these outc;mes may reflect not
only a direct effeét ;n ?ilk production but also the result of some
change in maternal behaviour in response to the diet manipulations.
Plaut (1970), among others (Condo and‘Carllini, 1974; Meir and Shutzman,

~

i968), cautions that studies investigating the outcome of early

S.)

environmental manipulations may not Pe examining only the consequences

o

of the manipulation per se. Rather, what is observed may not be just

the result of such early manipulations but changes in the mother rat’s’

-

responsiveness to and interaction with her offspring may ulimately

result as well. Specifically, Plauf suggests that by imposing an ‘early

nutritional deprivation steate on tﬁe female, the young may also be

deprived of the mother and consequently, a source of thgrmalﬁ'social,

sensory and nutritional factors she brings with her. As a result, ghé ’

differences in quality and quantity of maternal care received by the

pups may lead to differences in the subsefuent develbp@ent of the

- AR

offsﬁring (Barnett and Burn, 1967; Meir and Shutzﬁan,‘ﬂ96§),

~

Dietary manipulations which have been shown tq delay the

7z

'development of the rat progeny have been reported to change Patternslofh

s : S

id

\_1/



]

vt -

mother-young interactions, but the findings have.been inconsistent.
Smart and Preece (1973), for example, undernourished mother rats during
‘pregnancy and lactation by presenting them with 50% of the ad 1ib ration:

that control females consumed during cbmparablg reproductive ‘stages.

° -

Throughout 20 days of lactation the proportion of food-rationed females

in their ngéts with the young at 0900 and 1300 h decreased, but at 1700 .
h éhere wag a reverse in this trend; a greater proportion of food
rationed females were in their nests with the young than were éﬁe ad 1%b
contrpl;: Leon et al (1983) howe;ér, found that coq?ared to conttol
females, food restricted dams épent'more time with their young during
the’ light portion of the light/dark cycle.

These discrepant findinga,are not unique, 'Frankoba (1981) reporte&
that'dams fed a low protein diet spent less time with their litters:than
&ams fﬁd a diet with adequate protein whereas others have shown that

lactating female rats presented with a low protein diet have increased

contact with their offspring (Massaro, Levitsky and Barnes, 1972;

‘Weiner, Fitzpaérick, Levin, Smothermagp and «Levine, 1977; Hall, Leahy and

Robertson, 1979; Lynch, 1976). fSuch diffe:ences in the observed fiother-

young interactions among the vag#ﬁus*ﬁfﬁdies may be attributed to the

’

differeft methods of assessment of this behaviour. 1In all but the Leon

et al (1983) study, the proportion of time that the dam spent with her

” L

young was not continuously moniépred. Rather, on1y~ﬁrief, periodic

observations of, for example, dam nest attendance, were made. Moreover,

. /
not all'studies recorded this behaviour at the same time of day or on

the same day éostbartum. Only Leon et al (1983) circumvented these

potentiai prbblems by continuously gqpitoring daily patterns of dam nest

3
.
Ty N

attendance for fourteen days postpartum.

~
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One factor which might contribute to the alﬁgracion in mdther-young

contact 1is thaé the maldodrished‘female may be monjtoring thg stgtus of

. the pups and changing her behaviour as a result. For example, the dam

may be‘compensating for the reduced energy supplied by inc;easing the

time spent with the pups. The increased warmth supplied téythe pups

mighi reduce the amount of energy the young would need to expend to

’maintain’their own body temperature. Another bossibility is that the

theréal status of the malnourished dam, and indirectly that of the pPups,

may mediate any observed changes in the time that the dam spends with

the young for it has been shown that fuel restriction results in body

— . . temperature dgpression of both non-lactating and lactating rats (teon
\’\——\et al, 1983; Westerter, 1977), _ ‘

' Recent investigations (Jans and Leon, 1983; Leon‘et al,, 1978;

¢ Leon, Fischette, éhee and Woodside, 1981; Woodside and Leon, 1980) hé%e

demonstr;ted that pétterns of qoéher-youné interactions in the Norway

‘rat“are, in part, thermally mediated in that nest bout termination may

often result f;om an acuyte ‘rise in maternal temperature. 'According to

the the;mal mode;, when the dam }E in contact with the litter during

nursing bouts, the consequent mother-litter huddle occludes a portion

- of the dam)s‘ventral surface resulting in a reduction of the surface

area~to-volume ratio of ;he unit, his reduction decreases the

efficiency by which Uv;dam dissipaté heat tolhe‘environment(Leon,

Croskerry, and Smith, 1978), which cgn lead éé an acute elevation of

A maternal body temperature while nursing. One way by which the dam can

effectively diminish:- the acute hyperthermia is to remove herself from

the suckling litter. 1Indeed, the curtailment of nursing bouts is

]
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correlated with an acute rise in maternal ventral, core and~praiﬂ
temperature (Leon et =ul, 1978; WOgdside et al, 1980): '

This model may well explain the increased time that undernourished.es
females spend with their young. As noted earlier, eithgr the dam; her
offspring, or both suffer from a loss- of body deight as a consequgn&e ;f
the dietary manipulations, resultiné'in an lncrease in the surface area
for heat diséipation relative to, the decreased mass of the heat
producing /tissue. This provides for greater éfficieny of heat
dissipation, thus,delaying the rate of rise of maternai temperature (see -

Woodside et al., 1980; Leon et al., 1978; Leon and Woodside, 1983)

thereby allowing the dam to prolong contacts with the ld¢tter. Further,

‘the reduction in body temperature associated with food regtriction (Leon

et al, 1983) would clearly render the dam less vulnerable to the acute
hypérthermia,@s&ociated with huddling, thus producing an elevation in
mocher;young contact time.

Indeed, 1mposing a malnourished state on tbe dam alters her body

temperature (Héon et al, 1983) and this, in turn, can affect the time

, that she spends in contact with her young. Because these two factors are

exerting their influenges simpltaneously, it is difficult to determine
the extent to which each of the factors, nutritioﬁal status or patterms
of mother-young contact, {is influencing the development of the
offspring. One situation which would help to separate ;he contribution
Bf‘these two factors on pup growth would be to alter mother-young
gontact by manipulafing dam body temperature while her nutrigional“
status is maintained. -/

While malnourishing the rat by restricting food availability

depresses body temperature, diletary over-consumption seems to'produce an



8

e,

,// | . : .
oppos}te eifect., Rothwell aad Stock (1983), for example, bave
de$ nstrated that when rats are presented with a cafeteria dlet of
h ghly palatable food items, they become hyperphagic and can increase
metabolizable energy intake from 40 to 120% above that of rats offered
only a stock lab chow diet. Interes&iﬁgly, increased body ﬁempératufe
has been associated wi?h this dietary manipglation(e.g.Rothwell and
Stock, 1979; Rothwell, Stock and Stribling, 1982),

Under such dietary cdnditions it ;Ly be qpeculatedlchat botﬁ the
dam and her offspring weuld be recelving a diet adequaté to.subpor;
growth. Hyperphagia, however, produces hyperthermia which mey reduce
contact between the dem and her young. Again, as in the malnourishment
studies, a similer problgm of interpretation would still exist: it Qould
not be clea; whether the resulting course of,pup developmen}-could be

attributed to nutritional overconsumption or whether i1t 1s the result of

altered patterns of mother—young contact.

Il

indicated diet-related thermal effects in the rat, Thése researcheré:

have shown that when rats presented with 4 commercially available

thyroxine-free semipurified diet!

are exposed to prolonged periods of
cold stress, they ere better able to regulate body temperature, as well

as show greater survival rates; than do animals under the same
.

conditions ‘fed only a stock lab chéw. Unlike Rothwell”s studies, this -

1. . The major distinction to be made betWeen-the stock lab chow and a
semipurified diet is that the lab chow is composed of a variety of
unrefined ingredients (e.g. protein source .could be soybean meal)
whereas a semipurified diet, as the name implies, is composed of refined
ingredients (e.g. protein source could be in the form of casein).

Heroux (1969) and Heroux, Johnson and Flattery (1971) have also
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dietary influence on body temperature has not been attributed to

hyperphagia. Rather, Heroux has speculated that' these observed results

may be attributable ta greater utﬁ\sKti:n of the semipurified diet
since those-ahimals showing bettey cémper ture regulation also showed

R ~ ) ’
decreased fecal output and fecal-bound energy relative to stock caow fed

animals. Indeed, thig may be possible since purified diets, at least,

are more.permeable to the intestinal mucosa than are stock lab diets

(Shaw and G;eép, d9a9). )

£

. Presenting the lactating rat with a semipurifiéd diet might help to

disentangle the impact that patterns of mother-young contact and

nutritional factors may have on influencing pup growth, 1In the Rothwell

and Stock studies animals become hyperthermic on a cafeteria diet but

-

their nutritional status maj be difficult to assess. Because presenting

the dam with a nutritionally adequate semipdrified diet méy‘alter its
tembera&ure,status and potentially motger-young contact while mi;imi;ing
nutritional ﬁifferenceg fromlanimals fed ;(Stock chow, ;ne might
anticipate that the only aspect of the young rat”s éarly.environment

which would be changed would be contact with the dam.

g

]

In the present s®t of experiments several ¢onsequences of

4

- gemipurified and stock lab chow diet conéumption were examined. In

.

Experiment 1, the ability of a' nutritionally adequate semipurified diet
to increase the core temperature of the lactating female rat was
examined. As in Heroux“s studies, two groups of dams were presented

with either an AIN-76 semipurified diet mixture or a stock Purina

laboratory chow to determine the potential hyperthermic response to the

.

-gemipurified diet. Given that this diet could indeed produce an

elevation in the body temperature of the lactating female rat,

]

a
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Experiment -2 examined the\diet x thermal e

|f s . ,9

I .

raction on maternal

behaviour and pup development. If semipurified diet consumpciqﬁ

resulted in an elevation of dam body temperdture,.fhen according to the
thermal /model of mdther—young iateractions, we would have the potential
. o °

-

to alte patterné of cottact between the mother and her offspring.

ically, motherq consuming this diet should demonstrate a decrease
,' I " s 3! . . . . . ] N -
in the time spent with her offspring. This situation would potentially

N
B ¥

afford the ability tohﬁetermine whether nutritioﬁalqu maternal factors,

or an interaction of the twa, more stroﬁgly influences the course of rat

3

offspring development. In Experiment 3 the hyperthermic phenomenon

itself was investigated, specifically, the time course of 1ts- onset as

. x
well as time taken to return to baseline when original diet status is

N -

resumed. . B ) , . : , '

4
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o
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, ' Experiment 1

‘ A"number 'of studies h#ve shown that ‘diet_s’can influence ’the
temperature status of the rat (Heroux, 1964;» Heroux et al, "L“j!?l;
Rothwell and Stock, 1979; Swick and Gribskov 1983; Leon et al,"198l3).‘

The results of pilgt investigations 1n/th/is laboratory have suggested

that dams consuming a nutritionally /ad/equaie commercially available
: . o S 4
semipurified diet mixture have elevated body temperatures relative to

! ¢ 4 ,
th?qe dams consuming a stotk laboratory chow. 1In this experiment an
/' ! - .

at/tempt was made to replicaté our initial temperature findings for rats
] .

pfeser&ted with a s&ipurified diet during the first two weeks of
R - /lactacion. In addition, the growtpfate of the offspring reared by
. . ' N

;’mothers maintained on either the semipurified diet or the stock lab chow ,

as well as the weight gained by.dams was monitored during this period.

-

\ | r.
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Method P

Subjects Sixteen virgin female Wistar ra.at‘s, obtained from Charles.ﬁiv';r
Breeding Farm, St. ‘CGonstant, q;%g‘,i:ec, were mated {in our laboratory. Two
to three days prior to partiigiigion'each mother and her litter was
assigned to either a standard Purina Lab Chow (LC) group or to an ‘AIN-76

- u (\
Semipurified Diet Mixture (SP) group (ICN, Nutritional Biochemi.cala,
Cleveland, Ohio). Eachdiet group containeq eight mothers and their
.- '
litters of eight pups. Subjects were housed ina 12 h 1ight/12 h dar&
]
cycle room with lights on.at 0800 and lights off at 2000 h.
~— . ’ -
Apparatus and Procedure Virgin females (225-250 g) were-group mated

with a Wistar stud male., Vaginal smears were taken between 0830 and

0930 h each day and the presence of spermatazoa was taken as an

3

indication of. pregnancy. Two to three days prior to parturition, each

female was placed in a polycarb\onat:e cage (38 x'33 X 17 cm; Fisher

L’ Scientific Limited, model ‘no. 01-260-50E) with woodchip bedding and

introduced to thelr respective diets which were available ad libitum,

.(See Table 1 for a 1list of diet constituents). Both diets were

presented in glass jars affixed to aluminum supports which in turn were
, .

gsecured to the side of the cage. Water was also available ad libitum

< .
and was presented in 100 mL graduated cylinders fitted with rubber

. stoppers and metal sipper tubes. On the day of parturition (Day 0), all

litters were arbitrarily adjusted to eight pups by addition or

elimination to ensure that equal suckling stimulation was received by

o
v

the dams. All récordihgs began on Day | postpartum and were continued

untlil Day 14 postpartum. ’During this period, dam colonic temperaturé
' TR

was recorded twice daily between 0830 and 0930 h and between 2030 and

2130 h using a Yellow Springs (YSI) Telethermometer (model no. 43TA) with
TX .

.
.
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Protein
Fat

Carbohydrate

‘Fiber’

‘yitamins

-Minernls

Moisture’
*

Dietary Constituents *:

Table 1

" Lab Chow .

22.5%
5.02
Sl.1% *

'3.8%

no more than

1.02

no more than
3.5%

10.0% **

/

Semipurified

< (casein) 20,0%
14 ]

5.0%

(sucrose) 50.0%

(corn starch) 15.0%

\SCOz

1.0%

-

3.5%

‘ ‘S.O-B.OZ;

-

%%

Energy Value

.

. 3.39 kcal/gram

Yp

* Metabolically available carbohydrate

1

3.85 kcal/gram

. + See Appendix A for a detailed analysis of constituents _

7

; 12

I
g

*%. Molsture contents already considered when proportions of dietary
capstituents had been determined :
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an gttached’YSI temperature probe (model no. 423) which was insertgd &
cm into the dam”s rectum. In additipn, mother weight, food and water

‘intake as well as litter weight were recorded dajily between 0830 and

0930 h. Mother weight was recorded using an Qhaus triple bea'm’ balance

e

(2610 g capacity): Food Jérs and ]:itte‘rs were weighed on a Sartorius

electronic balance (model no. 1206 MP).

Since some data were lost due to fopd splllage or water leakage,

all data were condensed to faci\litat‘:e similar statistical analyses by
‘finding“fhe mean value for each subject on all meésures‘p\etween days 2~
4, 5-7, 8-10 and 11-14, thus yielding 4 blocks of days. Data in graphs,

however, are-presented on a daily basis. .

4
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1nge%ed= by .tlre dams between the two diet groups (Diet; F(1,14)=2,24,

had v
: 14
’ -
- )
\ Results =~ ' - - Ty
Temperaturg\-?igurell represents mean daily colonic temperature at 0830 .

and 2030 h for dams in both the lab chow (LC) and semipurified (sp) diet

2
groups during the first 14 days postpartum. A three-way analysis of

vagiamce (Diet x *ime of Day x Days) was performed. SP females had
Prs ] ) v -

higher core tempe’ratures than LC females (Diet; £(1,14)=29.81, p<.001)

»

and core temperatures were higher at night tl}_’g_n during the day
. ‘ N .

(F( lo.,l4)-23.20, p<,001). All other main effects and intersctio.ns were

L]

Jnot statist1ca11y'signifieant (Days, 3(3,42)'-.731; Diet x Time of Day, l

F(l414)=.025; Diet x Days, F(3,42)=1.55; Time of Day x Days, %~
',7’

F(3,42) =:44; Diet x Time of Day x Days, F(3,42)=.15; p"s >.05).

e

Food Intake Figure 2 shows mean daily food intake for dams ih the LC

and SP ‘diet groups for the first 14 days postpartum. A two-way :analysis

. of variance (Diet x Days) revealed g difference fn the quantity of food"

P - .
_p_>.05* There was, however, a signi%;,icant maiﬁ“‘éffect of Days

(F(3 42)=37.98, p«. 0@1) indicating an overall increase in total food

l »

consumption over days postpartum. The Diet x Days interaction was not
) o

statistically\significant suggesting that patterns of food intake were

similar for;.both diet groups.

-

. A ) t .
«Caloric Intake The mean daily-caloric intake for dams in both diet ?

- I -

groups alfe presented {n Figure 3, Data were subjetted to artwo-way

(Diet X Days) pnalyéis‘of/yarian‘ce. The ‘results from the ‘analysis
R b .

indicated no ¢ ference in calorie consumption between the.two diet ‘
groups (Diet efgect, F(l 14)=.4 14, _p_>.05) yet there was an increase over

o~

blocks of days (significant main effect for .Days; 2(3-,42)-:}9.92-,

t

o ) - ;

I

&
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2030 h during the first two weeks postpartum. -SEM’s are
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‘statistically significant (F(3,42)=.10, p>.05). ~
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p < .05). As with food 1nt:'ake, the Diet. x Days interaction was not

~
N

Water Intake Mean daily water intake for LC and*SP dams are shown in

(Figure 4, Data were analysed by a two-way (Diet x Days) analysis of

)

variance. The analysis rev_eaied .a significant Di'et effect
(F(1,14)=38.01 , p<.001) due; to the greater quantities of flﬁuid intake
demon‘stratped by the LC dams. The signific;nt maln effect fpr Days
(F(3,42)=13.56, p<.001) indicates increases in water consumption over
dayé and that this pattern was similar for both diet groups since the
Diet x Days in\ter‘action was not statistically significant,

Mogther Weight A ;:v;ro~taile‘d independent E—test performed on Day 1 body-"
we;lgrht b;twéen the LC and SP animals révéaled no difference on this
parameter at this time. A twoo-tail‘ed independent -t-test pelrfo‘rmed on
;;ex:centage welight change‘ between Day | and Day 14 postpartum was
significant (£(1’§)=2.76, p<.05) indicating a gfeater percentag;a increase
for LC dams relativé to SP dams over the first two weeks of lact:a'tior’x.

Day 1| dam weight and percentage weight change for LC and SP dams ‘are

indicated in Figures 5 and 6, respectively.

Pup Growtvh Mean individual daily pup growth fqr pufb’s reared by dams

presented with the LC and SP diets is shown in Figure 7. A two-way -
anhlysis <;f var'ianqe (Diet x D;ys") ‘revealed a nonsignifi::ant main effect
for Diet (_E_(‘l,llo)-.007, P >.65) but the effect of Days Qas signi‘ficant
(E(;','AZ)-IZ.I&S., p_(.OO‘I). The nonsdignificant Diet x Days interaction

indicates that both groups of pups maintained similar patterns of growth

over the 14 days postpartuuﬂ
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the lab chow was stored at

Discussion ’
The most interesting findings in this experiment weﬁzf:hatdams

that consumed the semipurified diet had higher core¢ temperitures and

Y

AN
gained less weight than did dams consuming the\I;B\QESV even though the

?

animals consumed equivalent amounts of grams‘and calories from diets

that were nutritionally similar. During the first twgiﬁeeks postpartum,

dams eating the sémipurified diet’ had consistently higher co?g

temperatures than those eating the lab chow at both 0830 and 2030 h.

v

Furthermore, core temperature of SP dams was approximately .4 © C higher
than that of LC dams both in the morning and at night.-
Both LC and SP dams ate progressively more food over days,

presumably because of the increaséd energy demands required to feed the

growing pups. Furthermore, it also appears at dams in the two diet

conditions were equally able to meet the increasing nutritional

ht

~
requirements of the growing pups since there was no,difference between

LC and SP offspring weight gain over the course of lactation.

LC. dams consumed greater quantitieé of water than SP dams. It is_

not clgg} why this occurred since sim!&ar quantities of the two diets

were' consumed coupled with the cht that manufacturer speéifications

4
«

inaidpte similar moisture contents for both. One possibility may be

that .the lab chow became drier sooner than the semipurified diet since

room temperature whereas the semipurified

[y

diet was kept refrigerated in a sealed cellophame~lined bin which may
have reduced moisture loss. o=

Another difference that was observed between the diet groups was

maternal weight gain. Females in the semipurified diet group gained

only about one half of the percent weigh?&}hat dams consuming the stock

~
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lab diet gained. fhis has not been a consistent findiqg in studies
where diet-related thermal responses have beén obs;tved since tﬁere are
reborts of no difference (Swick and Gribskov, 1983), increases (Heroux
eé al, 1971) and decreases (Rothwell an& Stock, 1979) in the rate of
weight gain for animalk consuming diets that produce hyperthermia.

Under the present dietary conditions, it might be feasqn?Sle to

assume that dams, and perhaps pups, in both groups are equally well

nourished because the constituents of the two diets are similar. Since

™
dam body temperature was differentially affected, then, according to the

thermal model, the potgntial to alter patterns of mother-young contact

t) N
exists, Thus, while contact time may be indirectly manipulated as a

result of diet-related differences in body temperatufe, the nutritional

"gtatus of the dams in the two diet groups may be similar, affording the

opportunity to separate the influences of nutritional factors and

patterns of contact on the development of tagfrat young. In the
/ »
following experiment, diet-induced hyperthermia will be used as a tool
to alter moth‘p—young contact time to determine if such changes 1in any

way influences the course of pup developmeht.
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T~ Experiment 2

-

In Experiment 1 it was shown that ldctating rats maintained on a
semipurified diet had'significantly higher core temperatures than those
were eating the lab chow diet. Such an addition to the chronic heat

v -
ldad normally experiénced by dams during lactation (e.g. Leon et al,
I

1978) should, according to the therﬁFl model'g?'influences on nest~bout

¥

¢ durations, . result in a decrease 1n§;%Pe that the SP dam spends with
her litter. Females whose body temperature was already highér‘might
be expecéed to experience more rapid increases in body temﬁkrature while
huddling with‘the‘young and as a consequence, might reach more rapidly
the critical temperature associated with nest bout termination. In a
number of studies it has been shown tyat manipulat%ng acute and chrontc
temperature factors alters the patterns of mother-young contact,
Remo;ing the dam’q taii;ﬁthereby decreasing the efficiency of body heat
loss, decFeased the time that females spent with their young (Leop et
al, 1978) as did placing the dam on a warm nest”sdréace (Jans and Leon,
‘

1983; Leon and Woodside, 1981; Leon et al, 1978) or presenting her with

wdrm pups (Jans and Leon, 1983)., Moreover, adrenalectomized-

~ ’

ovariectomized dams demonstrate a chronic depression in body temperature
accompanied by an increase in nest time relative to intact females (Leon

et al, 1978; ngﬁside and Leon, 1980).

-1f decreased contact kime did result from increased maternal body

+

temperature brought about by manipulating diet, this method might.

Y

provide. a somewhat more natural means for studying the effects of the

patterns of maternal contact on pup development. .For example, dams

L4 P

which raise their litters in a warm ambience show a reduction in contact

L] 0
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time with the young accompanied by a reduced rate of litter weight gain.

However, under these conditions thg energy balance of the dam is
changed (Leon and Woodside, 1983). One criticism of the studies’
examining the effects of undernutrition on offspring development is thgt

. r -
. the-r observed outcomes result from changes in maternal behaviour rather

than food availability. One might be able to address this question by
”

o
assessing the effects of simply changi maternal behaviour. Thus,; one

’ L !

possible application of the diet-induced hyperthermia might be to .allow

: . )
e separation of the effects of nutrition from maternal care in assessing

Q ' : . '
development of the rat young.

In the foldowing experiment, we determined whether the qherﬁal

consequences of SP diet consumption would, in fact, algfr maternal
»

~

O
behaviour by comparing the mother-litter contact time of dams fed either

<
A

- r - the semipurified or the 1ab chow diets. In addition, any differencesi
between the t;o diet groups on offspring development :ﬁfe also assessgd;f‘i\
Sdnce no diet-related differénce in pup growth wig found in the previdus
experiment, a batte;y of tests examining behavioural development and

organ growth was administered to help determine if any more subtle

differences in pup depélopment exist.

2

-3
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Method ‘ . s
Subjects Sixteen virgin femdle 0w1st:a‘r rats, obtained from gharies River

Breeding Farm, St. Constant, Quebec, were mated in our laboratory. See

Ly

-
Experiment 1 for details. Eight dams were assigned to each of the
L]

.semipurified or to the lab chow diet group two dfya prior to ’

parturition,. Lit.ters were adjusted to" 8 pups on Day 1 postpartum.

-~

Animals were ho*used in a 12 hour light/12 hour dark 'cyclﬁe room with

lights on at 0800 hours and lights off at 200Q~hours. Mean aﬂent

‘femberature during the course of the .experiment was 21.97.+ .03

ranging From 17.0 to 26.0 oc. S ™

L

Apparatus 'The diets and apparatus used in Experiment 1 were also used’
here but with the following additions. Maternal ventral -temperatuf® and

pup skin temperature were recorded® using a YSI "Banjo" surface
., -
temperature probe. (YelVlow Springs Instruments, model no. 408). Pup core'

a

temperature was recorded with a YSI (no. 402) temperature probe. All-
organs weres weighed on a Sartorious Analytical Balance (model \

no. 2842). To measure nesting behaviour, each mother reared her young
. . :

in cages designed for continous recording (Croskerry, Leon, Smith and

Mitchell, 1976) whic;h were a&apted for interfaciung with C;’le AppleLI,I + -
microcomphte"i':/ Each cage (38 x 33 x 17 cm) was fitted 'witlh a tray
{28.25 % 105 cm) which had a nest box (14,25 X 11,25 X 6.0 cm) &
constfructed-on one side. The nest trays were sufficiently small as to

-+,
ensure contact with the pups when the dam entered the nest box. The

' -
other side of the tray could be counterbalanced to accomodate for the
increasing\weight of the growing litter. The tray was balanced on a

fulcrum so that when the dam entered the nest box'the tray would tikt

and depress a microswitch which would break the current running from the

4
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s

., computer to\Deach cage and which would return to its resting state when
1 (" o~ '
the dam left.the nest area. . Upon each activation of the circuit a

v . - ’
* goftware counter which recorded nest frequency was incremented. In

. % - addition, time of each bout onset and termination was also monitored by

,
*

( . A s ‘ '
: the computef system. Only nest bouts which were greater than 5 sec.

were used faqr all computdtions in order to exclude activations of the

A Y -

(g

-

m.pnitoring system has yielded recordings of contact:time virtually

- -

id,entical to direct experimenter observation (Croskerry, Leon, Smith and
Mitchell 1976) Diets and water were freely available but only from
. ’ v ' ]
Ca - -
- outside of the nest boxes.

x ‘ L4 -

Procedure The procedure that was used in Experiment 1 was followed in
. L A

“~

~ the present experiment (see Expe"iment 1-for details) with the following

-, 4

- - additions. On the day of parturicion (Day ‘0) each mother along with her
8/ . .
o litter: was introduced to the nesting cages and was allowed approximately

t S ¢ "

24 hours to familiarize themselves wtth the new environment so that
s\ . ' . .

nesting behavioar data was available from Day 2 until Day l4 postpartum,
’ < .

whe:j\pups became~mature enough to leave the nest box, Nest time and

-~

nest frequency during both the light and dark phases of the light cycle

)
w

xzere continuously recorded for each «day c{uring this period. The

computer system was restarted “and all counters zeroed dail};‘lt 0830 and
e' VL -

02030 h for the first 14 days postpartum. Since some data kre lost due

to occasional syst'em malfunction, data were condensed by calculating the

f
o ‘méan value between days 2-4, 5-7, 8-10 and 11-14 for each subject on all

" »

measures, ylelding four blocks of days but individual days data are

shown in graphs.
- = . »

\

~

system which did not involve contact with the young. A similar i
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Food and water intake for dams in both die’t groups were recorded
twice daily between 0830 and 123Q h and between 2030 é#d 2230 h,
Caloric intake for each period wa\s‘.also determined on a daily bas;is.
Dam and litter weight were alsd recorded at this time as were mother

core and ventral and pup skin temperatures, . Asbin Experiment 1, dam

core temperature was recorded by placing the temperature probe 4 cm,

h ]
i‘rllto the dam”s rectum. Mother ventral and pup skin temperatures were
determined by placing the banjo probe directly over the sternum.‘ During
the first two weenks postpartum, all temperature recordings wéré
eoﬁduéted daily between 0%30 and 1?}0 h and between‘ 2030 and 2230 h.
Pup core temperat:ur‘e was, also recorded on day 22/23 postpartum by

inserting the temperature probe 2 cm.-into the rectum. Mother body

temperature was also recorded on day 22/23 postpartum just prior to\\

:
+

recording pup temperat:in'e. - oY

Pup Development

‘(a) 'Behavioural: In order to obtain assessments of development other

than weight gain, the followi@tests of behavicural developmént in the

pups were carried out over a period of 23 days postpartum. TKe time

>
d foad

period of individual test administration is described below. ,r

- >

(1) - Righting Reéponse. The righting respopse is demonstrated when
the pups are place‘d in thes, supine positi/on and-is ci\aractérized by limb

extention and bidii‘ect)ional rocking of the fore and hind limbs in

attempt to return to an upright position., Daily, between days 2-10
postpartum, one half of each litter was placed on a horizontal surface

in the supine position and upon release, the latency to return to an

»

upright position was recorded. Each animal was allowed a maximum of 15

seconds to perform this response.

M

-« ) A
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(11) Curling Response. The curliné response is exhibited by‘rat .
pups when they are carried by their mothers and, as such, 1s alsod
referred to as the ''transport response" (Leon and Brewster, 1980). This
response is demonstrated by the young when a cog!pact bundle is formed by
tucking the limbs and tail cloge to the body and ceases when the pups
%e capable of moving on their own. The curling response was assessed
between days .3-13 inclusives ‘Each pup from all litters was picked up by
the nape of thz neck acr:d shaken 1ightly. The numBer of pups exhibiting
at least.a 3'—poinc curl (i.e. at least 3 e;ctremities pulled int(; the
trunk) was recorded. Criterion fqr this measure was the day on w\hich at
least 75% of the litter demonstrated at least a three—-point c_ux:]..~
(111) Head Lifting. This response is characterized by lifting and

lateral movements of the neck and head while the trunk remains flush to

the surface. This response is assumkéd to be a general orientation

" response (Altman et al, 1971). The head lifting response was examined

between days 6-14 postpartum. All pups were placed on a horizontal

N v

- gurface and the number of pups which demonstra;edt this respo.nse within a

* 60-second interval was recordci,d. The first day when 100% of the all

pups in each litter demonstrated this response was also determined.
4 .

. “ -
(iv) Eye Opening. Eye opening is said to occu;/ when the pup has at '

least one eye open (Galler, 1980). .The presence Xf\at least one eye"

~
open was examined daily between days 11-14 postpartum. “The number of
\

pups in.each l#tter demonstrating this ability was recorded.\‘\

-
B

»  (v) Thermoregulation, Thermoregulatory ability was also used as
an index ofjmaturacion to determine whether the consequence of being

rearéd by <warm versus cool r}f’other is similar to being raised in a warm

. -
o

‘.&!
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~versus cool environment. Rats which are raised in a warm environment
usually show a delay in the development o%_ this ability since, during
the eatly,sgages-of life, there is f%bs-need for them to self-regulate
body temperature (Krecek, Krechkava and‘Martinek,rl9S7). One male and

-

one female each from 7 litters in both diet conditions were tested for
thermoregulatory abilities on day 22 postpartum. One male and one
female from the remaining litter in each dief condition was tested on

day 23, Pups were subjected to cold stress by being placed in a cold

chamber (Canadian General' Electric, model no, 812) maintained at 6 © C
foF a 40 minute pgriod. During this time pup temperature was recorded
every 0 minutes by placing the temperature probe 2 cm. into the pup’s
rectgﬁk Ali pups were welghed prior to cold exposure.

(b) Organ Analysis \ |

(1) Adreizineights. For this measure, as well as for those\which
elg

follow, organ
.
male and- one female from each litter on the same day that
thermoregulatory ablilities were ;ssessed. All an{mals were weighed
priof to orgah removal and ;ere sac;ificed by sbdium pentabarbitol
overdose (65% solution) administered 1i.p.. ‘Adrenal weights were
determined since it hagibeen shown t@at the rearing envir;nment can
affect adrenal weights in gerbils (Clark and Galef, 1980), To deterd!ge
adrenal weights, bilateral adrenalectomies were performed after\weighing

each subject.

(11) ,Brown Adipose Tissue. Cold exposure and dietary factors can

[

influende the activity and size of brown adipose tissue (Himms-

Hagen, 1984). Since SP dams would be expected to spend less time with

their 'litters than would LC dams, pups maintained by dams on the SP diet

ht was deéermined on Day 22 or 23 postpartum for one’

4

’\
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'might be -expected to face greater cold stresses and hence, have larger

BAT:body weight ratios than would pups maintained by dams fed the stock

lab diet. Interscapular brotszat pads were weighed after removal of

surrounding white fat and nnective tissue for pups in both diet

conditions. Similary, {Interscapular brown fat pad weights were also
determined on Day 28 postparvué for SP- and LC-fed dams.

(111) Gonad and Brain Weights. Sincé mothers consuming tﬁe
seﬁipufified diet ma; potentially speﬁd less time with their young -than
‘may motﬂers'gonsuming thé lab chow, they @ay, as a resdlt spend less
time délivgrihg nourishment to them.‘ This reduction;in available

nourishment may result in decreased horphological growth which may be
' \ . ‘ o
seen in gonad as well as.brain weight. Bilateral ovariectomies were

5
—a o

performed on one female pup from each litter. Similarly, both testes

-

wereﬂfhmoved from one male in each litter. ‘Moreover, in addition to

determining gonad weighpé whole brain and brain weight less the |

cerebellum, were also determined.
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Results

1

Nest Tim’e
1 !

) | .
(1) Total Nest Time. Figure 8 shows mean total daily nest time for dams

in the two diet conditions during the first 14 days postpartum.

'AlthOugh dams consuming the semipurified\diet tend to spend less total

(=4

time with their litters than dodams fed .the lab chow, this reduction:
; L] ,

was not statistically significlant (F(1,14)=3.60, p>.05). Dams in both
diet conditions did demonstrate a significant reduction in total daily
nest time over days (Days; F(3,42)=67.19, 2(.001). The Diet X Days

lanteraction was not significant.

'.(ii) Light Nest Time. Figure 9a represents the mean time that dams in

the two diet conditions spent with their ydung duriné t‘he sfight part of

the diay/n.ight cycle for this first 1»4 days [postpartum, SP dan\xs spent

less time with their litt;ar (than did LC dams\(_F_’_(l,ll&)-9.04,’p_<.01). In

addition, the significant Days effect (2(3,42)-4.9.53, p<.001) indicatés

a progressive decrease in nest time over days and that this pattern was

similar for both diet groups since the the Diet X Days inCeractibn was
)

) non-significant (F(3,42)=.56;, p>.05).

(111) Dark Nest Time. During the dark phase, there was no difference

between the two diet conditions in the ar;xount of time that _;Mms spent
with their litters (F(1,14)=2.62, p>.05). The Days ef'i;ct wasg
significant but ¢the Diet X Days 1interaction was not
(F(3,42)=29.58, p <.001 and F(3,42)=.21, p>.05, respectively). Mean
nes‘t time for SP and LC dams during the dark phase during the first two

weeks postpartum is shown in Figure 9b.

(iv) Mean Nest Bout Duration. Mean LC and SP nest bout durations
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Mean total LC and SP.rest time during first two weeks

postpartum. SEM’s are ‘ghown.
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during the light and dark cycle on Days 4 and 10 postpartum are shown in
Figure 10. The results from the analysis revc;aled statist;.cally
significant shorter mean nest bout durations for fem_ales in the
semipurified diet group (_E_‘(l,la)*l;.\Q, p=-05). In addition, mean nest
. L
bout duration was shorter at night than during the day
(F(1,14)=80.78, p<.001) and shorter onn Day 10 than on Day 4 postpartum
(E(l,l&)-7.42,_2<.05. The Diec\x Time interaction was statistica}lly"
\significant- (5(1,14)-23.72, p<-05). o -

Nest Frequency .

(1) Total Nest Frequency. ‘ Figure 11 shows mean total daily nest

frequency for da@ in the two diet conditions during the first two weeks
postpartum. Although it appears that SP dams entered ti1e nest box more
furequently than LC dams, there was no sta\tisticall‘y significant Diet
effect on total nest frequency (F(1,14)=1.72, p>.05). Further,the total
mean number of daily visits to the nests remained stable-over days_
(E(3,42)=2.62), p>.05) and the Diet X Days interaction was not
statistically significant (F(3,42)=1.82, p>.05). .

N
(11) Light Nest Frequency. Flgire 12 shows mean nest frequency during

the light phase over the first 14 days postpartum for dams ian both diet

‘ ‘ —

conditions. Dams fed the semipurified diet ten*to enter the nes&- box

more often than those fed the lab chow but this effect was not

statistically significant, (F(1,14)=1.59, p>.05). In addition, the melan
= s

number of visits to the ng emained stable over day?}

.(F(3,42)=1.23, p>.05). The Diet” X Days interaction did not yield

statistically significant results (F(3,42)=1.07, >.05).

(111) Dark Nest Frequency. D_uri‘ng the dark phase, SP dams visited the
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nest as oftén as did LC dams as indicated by the nonsignificant effect

of Diet on freqluency (z(l_,lls)-Z.OO,‘ p>.05). The Days effect was
significant (_('3,42), p<.05) although this n;ay be due to the ab®srantly
high frequencies on Days 2 and 3. Similar patterns of nest frequency
were, however, maintained by danms in both d.iet conditions since the Diet
X Days 1nterac§ion was not significant (F(3,42)=2.19, p>.05). Mean nest
frequencéy during the ciark phase for SP and«LC dams for the first two
weeks post:\patt:uin is shown in Figure 13. " '

Temperature

(1) Dam Core Temperatufe. Figure 14 represents colonig temperature at

both 0830 and 2030 h during the fir‘st 14 days postpartﬁm for mothers

maintained on either the standard lab chow or the semipurified diet. As

in Experiment 1, dams maintained on the semipu?:ified diet had higher

core temperatures than did dams maintained on the lab chow. This is

3

indicated by a significant main effect for Diet (F(1,14)=33.26, p<.001).

&

In addition, temperatures were higher at night than.during the day

(F(1,14)=37.32, p<.001) and inc;;.ased over days (F(3,42)=11.21, p<.001).
None of the interactions were gtatistically significant.

(11i) Dam Ventral Temperature. " The SP diet group dams had elevated

ventral temperatures relative to LC dams (F(1,14)=16.48, p<.0l). As

with core temperature, ventral temperature was higher at night than

'du;'ing the day (F(1,14)=8.28, p<.05) and'increased over days

(2(3,42)-7.82, p<.001). None of t:.hg interactions were significant,
Mean morning and evening ventral temperature for SP- and LC- fedﬂ dams

during the first fourteen days posfbartum‘ is shown in Figure 15. N

(111) Pup Skin Temperature. Mean daily pup skin temperature 18 shown

- s
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in Figﬁre 16, Pups nursed by dams maintained on the SP diet had
elevated skin temperatures cqgmpared to those’/pups which were nursed by

dams fed the stock Chﬁtw (F€1,14)=28.95, p<.001), The significant Days
3 '
effect (F(3,42)=7.82, p<.001) indicates that pup skin temperature

increased over days but the main effect for Time of Day was not
’ - {
statistically significant (F(l,14)=.67, p>.05). There was a significant

\ > t
Time of Day X Days interaction (F(3,42)=4.07, p<.05). )

'Iﬁtake

Food Intake Mean daily gram food intake during both'the light and dark

phases in both diet conditions during the first 14 days postpartum is

. shown in Figure 17. Dams in the LC diet group consumed greater amounts

of their diet the;n did SP dams (F(1,14)=11,54, p<.01). ,Thei'e were also
significant effects ofg'. Time of Day and Days, res—ult:”ing from increasé‘d
food intake during the dark phase and over days (E(l,l&)=87’.59,‘ p<.001
and F(3,42)=89.79, p<.00l). The Diet X Time of Day interaction was
gtatistically significant and this is due to tWe fact t:t;at: SP dams -

generally consumed more food than LC dams during the 1ight phase and

less during the dark phase (F(1,14)=10.02, p<.0l). The Di'et X Days
{nteraction was also statisticaily significadt: LC dams showefi a greater
gr‘"am food increase over days than did SP dams (F(3,42)=4,98, p<.0l):; The
Diet X Time of Day X Days interaction was not statistically significant

(F(3,62)=.46, p>.05). ‘

Proportional Food Intake. The proportion of grams of food consumed

b .

during each phase of the 1light cycle to tgtal daily food consumed was
' [
determined. The result of the analysis (Diet X Time of Day X Days)
. +

revealed no difference between the d:iet groups in proportional food

.
7

7

/
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intal\ce (f_(l,ll&);l.OO, p>.05) but a greater proportion of food was eaten
dur;ing. the dark phase than during 'the 1light phase
(F(1,14)=73.84, p<.001). The Diet X Time of Da;y interaction was
stat;é‘t\ically si'gnificanﬂt and this is due to the fact that compared to
LC dams, SP dams consumed a greater proportion of food during the light

phase and less during the dark phasé (F(Ll,14)=4.44, p=.05). The Time X

Days interaction was also statistically significant and this results

&

from a greater increases in proportional food intake over days ducing .
the dark phase than” during the light phase (F(3,42)=3.12, p<.05).

Calorie Intaské Figure 18 represents mean caloric intake during the first

two weeks postpartum for LC and SP females. The results from the )
analysis revealed a nonsignificant effect for Diet (F(1,14)=.76, p>.05)
but caloric intake increased at night (F(1,14)=78.44, p<.001) and ‘over
days (F(3,42)=111.84, p<.0l). SP dams consumed more calories than LC
dams during t:he' ligh}:- phase and less during the dark phase

. Vel v
(F(1,14)=6.22,-p<.05). In addition, LC dams showed a greater increase

in caloric~intake over days than did SP dams (F(3,42)=4.64, p X.01).

A

The Time of Day X Days and Diet X Time of Day X Dahy interactions were
nonsignificant (F(3,42)=1.30, p>.05 and F(3,42)=.55, p>.05,
respectively)., . . ~

. {
Water Intake The residlts from the analysis indicate a significant Diet

effect (F(1,14)=93.06, p<.001) for watdr intake due to a greater volume
of fluid ingested by LC dams compared to SP dams. Further, over days
‘both groups demonstrated increased water intake resulting in a

significant effect of Days (F(3,42)=59.88, p<.001). The Diet X Daysfkf\

interaction was also statistically significant (F(3,42)=13.71, p<001),
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- and dark phases during the first two weeks postpartum.
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apparently dueto LC dams demonsgtrating greater increases fh water
intake over days than did SP dams. Mean daily water intake is shown in
Figure 19. ) | , P ‘

Development ' ;

(a)Behavioural

(1) Curling Response. Figure 20a shows mean number of days when

at least 75% of each litter in both diet conditions demonstrated a
three-point curl. A 2-tailed independent t-test revealed no difference
between the tWo diet conditions.

(i1) Head'Lifting. A two-tailed independent t-test revealed no

difference betwien the diet conditions on the first day when 100% og\all

litters demonstr

%

ed the head lifting response (see Figure 20b).

(111) Righting Reéponse. Figure 20c shows mean latency to right

Ed

from the supine postion for pups in both diet conditions between days 2

though 10 postpartum. The results of a two-way analysis of variance
(Diet X Days) revealed no difference in the latency to right between the
two diet conditions (E(l,l&)=.06, B}.05) but over days the latency to
rigﬂt decreased (F(8,112)=20.14, p<.001). The Diet X Days interaction
was not statistically significant (F(8,112)=.27, p>.05).

" (iv) Eye Ogeniqg. The distribution of anSer pups having at least
one eye oéen between Days 10 and 14, inclusive, is shown in Figure 20d
for boﬁh di;t conditions., These distributions were not statistically
différent (Kolmogornov-Smirnov test; Dpax=068; _p_>.05,)‘.

(v). Thermoregulation, Figure 21 shows mean colonic temperature at

10 minute intervals over a 40 minute period of cold exposure for male

and female pups in both diet conditions. A three-way (Diet X Time X

A X
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Figure 20. a) Mean number of days for LC and SP pups-to demonstrate
curling response. b) Mean number of days for LC and SP pups
to demonstrate head lifting response. c) Mean latency for
LC and SP pups to right. d) Frequency distribution for
nut_nbex: of pups demonstrating eye opening. SEM’s are shown.
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Séx{ analysls of variance revealed a significant effedt of Time
(F(4,112)=154.74, p<.001) 1ndicatingithht body temperature decreased
during the forty minute cold exposure. The Diet X Time interaction was

4

statistically significant (5(4,112)-3.46, p=.01): SP pups lost less

body heat over time than did LC pups. All other effects on this

parametér were not statistically significanu(

(b) Pup Organ Weights, Body Weights and Core Temperatures

o
?

B )
(1) Pup Brown Adipose Tissue. Figure 22a represents mean weight

of BAT expressed as a percentage of body weight for both male and female

pups in the LC and SP diet conditions on days 22/23 postpartum. There

were no significant main effects or interactions in this analysis (Diet;
3

F(1,28)=.1.08, p>.05; Sex; F(1,28)=,43, p>.05 and Diet X Sex,

~
i

(F(1,28)=1.70, p>.05) N

- ~

AY

(ii)' Adrenals.' The results fr%m the aﬂﬁ%yqis;of variance
performed on adrenal weight:body weight ratios indicéted ;o significant
effects of Diet, Sex or interaction of these factors (F(1,28)=.44,
p>.05; F(1,28)=,12, p>.05 and F(1,28)=1.70, p >.05, respectively). Mean
adrenal welght expressed as a éercentage of body weight f.or LC and SP
pups is shown in Figure 22b.

(i11) Gonads. Mean gonad weight, expressed as a percentage of
body weight is éresented in Figure 22c for both males angd.females in the
LC and SP diet conditioAs. There was no difference in gonad weigh%
between the two groups (5(1,28)-.97,\2).05) but male gonads were much
heaviér than female gonads (F(1,28)=1221,08, p<.001). The Diet X Sex

interaction was not significant (F(1,28)=.17, p>.05).

(iv) Whole Brain Weight. There was no diet effect or sex

4



AFiguie 22,

A T . »
o b [IT¥ < r}r}
T . o .I_%
AP §
$ o} : ) E.MP ‘e
5 A 8 |
g ab § 3
E 1 i.o" )
i.i' g
- 9 . . -~ Q
] o ] ('] v

§ At g"
3 i L ,
3 g
- £
5 . B
O‘ K13 !J
Pl UL
, = ‘
9 o9 ) )
[Jrevcrow " P
] semiurities 'O ’ ”} ' .

N

H
X
H
5

L

HBRAIN-CEREB WTI/BOOY WT)x100
-

-

g 9

a) Mean LC and SP BAT weight:body weight ratios. b) Me®h °

LC and SP.Adrenal weight:body weight ratios. c) Mean LC
and SP Gonad weight:body weight ratios. d) Mean LC .and SP

Whole brain weight:body weight ratios. e) Mean LC and SP,

brain less cerebellum weight:body weight ratios. SEM’s
“are shown,

o -

‘¥

L4



difference in pup whole brain weight as indicated by the nonsignificant

main effects (F(1,28)=3,28, p>.05 and F(1,28)=.51, p>.05, respectively).
The Diet X Sex interaction was nonsignificant (F(1,28)=2.634 _p_).OQS).

Mean whole brain weight expressed as a percentage of body weight for LC:

and SP males and females 1is presented in Figure 22d.

- (v) Brain less CerebellquWeight. Mean brain iess cerebellum
weig\h&:body weight ratios are shown in@ure“ 22e, LC pups tend to have
el'evated:z brain weight:body weight ratios com 4pm\to SP pups
(F(1,28m3.92, .05(2(.06). All other effects were not significant.

(vi) Pup Body Weight. Mean body weight for oups on day 22 is

presented in Figure 23. A two-tailed independent £—tést revealed no

’

difference between the diet groups (£(14)=-1.0736, p>.05).

‘(vii) Pup Core Tempe(ratugg. Figure 24 shows mean pup ,core\y

R

temperature meas:?{'ed on day 22 for the LC and SP diet conditiorls. “A
‘two-tailed independent t-tést revealed no diffefence between the groups

on this r:easture (£(l4)=.0‘104, P_?.OS). Moreover, pup core temperture at ’
this time was similar to temperatures ohtai:n‘ed at the onset (To') of the -

thermoregulation test.

(c) '‘Dam Body Weight, Organ Deigh't and Core Temperature

(i)Dam Body Weight. A two-tailed ind%pendent t-test Peff“’“’t.d ont™

Day 1 mother body weight revealed o difference between the two

-y

groups. However, LC dams demonstrated a signNficantly greater percentage
X

t

weight change than did SP dams (t(14)~2.21 p<.05). Thete was no

[
difference in female body weight on day 22 postpartum. These data are

shown in Figure ZSa and b,

(11) Dam Core Tegperature. Mean colonid telmperature for females

- ~ . . .\‘
. ] R | %
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in the.SP ana LC diet groups on days.ZZZand'ZB postpartum aré preseﬁted

in Figure 26. SP dams had higher.core temperatures than LC dams”’
, (F(1,14)=5.38, p<.05). Tge Days effect was statistically significant
(F(1,14)=18.08, p<.0l1): core temperaure was highér oﬁ Day 22 than on D;y
'26. The Dieglx Days interaction was ﬂonsiénificant

' &

(F(1,14)=,10, p>.05). -

(111) Dam Brown Adipose Tissue-l A two-tailed - independent t-test
/évealed no difference between the two diet groups qubrwon adipose
- tissue weight (t(14)= -,9842; p>.05). Mean BAT weights:body weight

ratios for dams in both diet conditions afe shown in Figure 27.°
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Figure 27. Mean i.C nd SP dam BAT weight:body weight ratios. SEM™s-
* are shown, :
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Discussion S

As in Experiment 1, dams which consumed tﬁe semipurified diet
mixture had higher ;ore and ve;tral temperatures at both 0830 h and 2030
h than dams presented with the stock lab chow diet and temperatures in
botﬂ diet conditions wev¥e higher at nig@i than duriné the day.
- Moreover, both diet group females showed increases in both core and
ventral temperatures over the course of lactation.

The most important finding in this experiment was that dams fed the‘
semipurified dict spent significantly less time on the nest during the
1ight\portion of the ;ight/dark cycle whéﬂ @ost nursing occurs, Dams in
this diet condition spent approximately 100 min. less with their young
than did LC females. No difference between the diet groups was obtained
in the dark portion when total nursing pime is much reduced. gThis diet
effect on light nest time implies that the increased temperature of SP
dams 1s not the result of an elevation in the thermal set-point for
maternal body tempeerure regulation (e.g. Woodside and Leon, 1980) f%;

M

b

if the diet manipulation had resulted in an increase in set-point th:%
the SP females would have be;; able to tolerate the elevated heat load
which they experienced and thus proléong contact with the young. Rather,
these results reflect an increase in the thermal load that made the dams
more vulnerable to the acute temperatuté effects of huddling with their
young. In defense of the unaltered temperature set-poinf for body
temperature regulati&n, nest bout durations were shoytened in order that
thermal‘homeostasig‘might be maintained. These results further support
the thermal model of influences on mother-young interaciions.' However,

-

despifé the chronic elevation in SP dam temperature, a similar reduction
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*in dark nest time was not obtained. That no differences dﬁe to diet
during this phase were obtained may be accounted for by a floor effect

on nest time since during the dark cycle, ambient temperature was quite

high, usually reaching 25-26 © C and dams exposed to a warm ambience
typically show a marked reduction in nest time (Jans and Leon, 1983;
Leon et al, 1978).
The obtained reduction in nest time during the 1light phase may not
be attributable only to a diet effect on mater;al temperature per se
since the skin temperature of the SP pups was significan&ly higher than
that of the—LC pups during the first 14 days*postpartumf 1t has been
shown that dams presented with warm pups show a reduction in nest time
relative to females‘presented with cool pups (Leon et al., 1978; Jang
and Leon, 1983). An interaction of both elevated maternal temperature
and elevated pup skin temperature most probably contributed to the
- —
reduction in light nest time seen for dams in the SP diet condition.
It 1; not clear why SP pups were warmer than LC pups. One
possibility may be that the warmer SP dams may produce and deliver
warmer milk to their young than do LC females thus causing SP pup skin
temperatures to become elevate&. Alternatively, pups from the SP diet
condition may be warmer simply because they are in contact with warmer
dams when more body heat may ‘be transferred from mother to young. The
increased 'skin temperature offzﬁe SP pups seems not be a direct effect
of the diet on the pups because by Day 22, when the young pip wa$s
actually consuming the diet, a temperature difference between SP and PC
pups no longer e;isted. It is unclear why eating the'semipunified diet

would result in body temperature increases in the dams but not in the

pups at this time.



64

There was no significant diet effect on nest frequency, implying
that the difference in'light nest time obtained between the LC and SP
diet groups arose from differences in the duration of nest bouts rather
tgan the number of bouts. Moreover, the nonsignificant change in mean
nest frequency over time suggests thaé the progressive reduction in nest
time over days resulted from gradual decreases in nest bout durations.
' The data obtained for mean nest bout duration support this argument;
m.an nest bout Juration was shorter for SP dams than for LC dams during
the light portioﬁ of the light/dark cycle and shorter at night than_
during the day. Moreover, nest bout durations were shorter gn Day 10
than on Day 4:/ In accordance with similar nest time during the dark
c&cle between the diet conditions, mean nest bout duratiohs, as well,
were similar. ‘

It was hypothesized that because SP dams would spend less time with
their young during the light cycle there would be less time available
for the'pups t; reveive nourishment from their mothers and that-this
might affect pup growth, However, ;hgb%easures used in this étudy
provide no indication of differentiai Q$§Wth’ PupF from each diet
condition grew equally well despite the difference in nest time during
th% light phase. Even by Day 22 postpartum pup ?ody welghts between the

<
two diet conditions were similar. Ther'e is evidence to suggest that when

¢

pups are reared in a warm nest environment the amount of energy needed
to maintain body temperature may be reduced thereby allowing more energy
to be allocated to growth (HAII, 1973; Jans, de Villers and Woodside, in

press). Since SP pups were maintained by warmer dams, 1t is conceivable

that they were reared in conditions analaggus to the warm nest where the

.

)
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amount of energy used for growth is maximized. Another possibilty 1is
.that SP pups may not ha;e experienced. a decrease in the amount of
. ®
nourishment received despite reduced contact with the dam during the
light period. It has been shown that dams exposed to warm pups Or to a
warm ambience show a shorter latency to the first milk ejection as ?ell
as shorter inter-milk ejection intervals than do control dams (Jans and
Woodside, manuscript in preparatiop). Because SP dams and pupskﬁere
warmer than their LC counterparts, a similar situation may have rgsulted
where SP pups may have received similar amounts 6f milk than LC pups,
but in shorter periods of time.

The analysis of pup organ weights on day 22 postpartum revealed no
significant differences between the two diet conditions. Moreover, no
consistently different patterns of developmental trends were found
between pups raised by LC-fed females and pups raised by dams maintained
on the lab chow. Of the five behavioural measures used to assess pup
development the only difference that was found was in thermoregulatory
abilities where upon exposure to cold stress SP pups retained more body
heat over the forty minute exposure than did LC pups. This finding, at
first, appears to be contradictory to the {;ndings of Krecek, Krechkova,
and Martinek (1957) where rat pups raised in'a warm environment showed a
delay in the ability to thermoregulate. However, by Day 22, when
thermoregulatory abilities. were assessed, pups were already eating the
semipurified diet on their own and this may haQe better enabled them to
maintain body temperature when exposed to colg (Heroux, 1969; Heroux et
al, 1971). Alterna;ively, Himms—Hagen (1984) suggests that the

activation of brown adiﬁose tissue, which 1s involved in the maintenance

of homeothermy, 1is dependent upon the degree of cold exposure. SP pups
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may'have indeed been exposed to greater cold stresses since they .would
not havecbenefitted from the thermal-insulating properties that the dam
would have provided during her relatively l;rolonged abse’nce from the
nest area. Although 1ncreased~ weight of brown adipose tissue has been
assoclated with enhanced activity, no diet effect on this measure was
obtained. However, the quantity of brown adipose tissue may“n_ot, be
1ndicati;1e of its heat producing activity or po‘tential (Senault,
Cherqui, Cadot and Portet, 1981).

As in Expérimeht: 1, even though there were no differences in the
calori;': consumption of females in the two diet groups, hypertherm.ia was
still obtail&d in the SP-fed females, -Furthermore, over days, females'in
both diet conditions demonstrated a progressive increase in both gram
food and ca(&ic intake, again reflecting the dams™ attempt to meet the
increasing energy demands of lactation. In conjunction with a great;er
gram food intake, dams consuming the lab chow also consumed greater
volumes of water than did females con;uming the semipurified diet.
Unlike 1in Experiment 1, ‘l:‘owever, dams consuming tt;e lab chow ate more of
their dilet than did dams eating the semii)urified diet. One possible
factor contributing to these discrepent results may be that the pups
from Experiment 2 were hardier than those from Experiment 1 and as such
would have provided the dam with greater amounts .of suckling stimulation
which influences food intake.

One interesting finding with respect to food intake was that SP
females consumed more diet than LC females during the light cycle but
l;ss during the dark cycle. That different patterns of daily food

&

intake were obtained imply that the diet manipulation may have produced
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a shift in the circadian rhythm of body tempgraﬁure in SP dams that
éives the appearance of an overall increase on this parameter. However,
because SP dams consumed a greater ﬁropprtion of their food than LC damsl
duriﬁ% the light phase when nest time was reduced suggests that such a
shift did not occur. Rather, this result indicates that dams eating the
semipurified diet had.the opportunity to engage in other behavi;urs
(e.g., eating, drinking, elimination) instead of tending to the youﬁg.
Similar to the results obtaineq in Experiment 1, dams that consumed
the semipurified diet gained less weight than lab chow-fed females
during the first two weeks postpartum. This difference in weight gain‘
might reflect processes similar to diet-induced thermogenesis where the
amount of Geight gained 1s reduced since some of the excess ene?gy
consuﬁed in eliminated in the form of heat production through increased
brown adipose tissue activity (Rothwell and Stock, 1979), Dams fed the
semipurified diet may.have obtained, and subsequently, eliminated more
energy from their diet since a purified diet is more readily assimilated

th®® a stock lab chow (Shaw and éreep, 1949),

A

v . A}
In summary, the resuldﬁﬁ}nm this experiment have yielded three
interesting findings. First, consumption of the semipurified diet led
- H
to a significant elevation in body temperature. It would be interesting

to determine the time taken to _produce this response, In this.

b 4
experiment, dams were already ‘onsuming this diet two to threeidays
prior to the first day of te rature ,aeasurement and studies suggest
that diet—-related hyperthermi; can occur, slowly or rapidly afteg the
;onsumption of a diet (Glick et al, 1983; Armitage et al, 1983).

Second, the increase in SP dam temperature contributed to a

n -
reduction in nest times relative to females consuming the stock lab chow

~



‘diet, but only during the light portion of the light/dark cycle. This

reduction in nest time suggests that the temperature increase in SP dams
wa€~not the result of an increase in thermal set-point. If this had
occurred, SP females would have been able to tolerate the increased heat
load experienced, thus prolonging contacts with the littér. Rathe;, the
increased core temperature ;ppears to have contributed to the heat load
’ !
that dams experiencés while.sgt-point remains unchanged thereby
rendering her even more vulnerable than LC dams to the acute temperature
Aaspects of huddling with the young. Thus, one wa; by which SP dams were'
able to maintain body temperature homeostasis was to remove tﬁemselvgs
f;om the litter sooner than LC females., e

Third, despite reduced light nest time, SP pups grew as well as LC
pups on all measures. This suggests that even though these young might
receive less nourishment, the energy that may have otherwise been needed
for heat production may have been used for growth since they were
ﬁaintaineq by warmer dams. However, 1;:;§\€ound that SP pups were
better able to thermoreéulate than LC pups, a result which'appears to
contradict previous findings concerning rat pup ability to

thermoreguléte after being reared in a warm environment. It is not,

clear whether this effect is the result of ﬁgduced mother-young contact

‘or whether it can be attributed to semipurified diet consumption by the

Pup.

One strategy that has been used to examine the influence of
\ : N

tedperature .on patterns of mother-young interactions has been to
manibula%e ambient temperature or surface temperature, thereby changing

the entire thermal environment in which such interactions occur (e.g.
X

i—
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Jans and Leon, 1983; Leon et al, 1978). 1In the present expériment )
alterations to the external thermal environment have been minjimized. As
a conséﬁuence of the diet manipulation, oﬁly dam témpéx;aturé increased,

apparently without altering her thermal_set-point, and “indirectly skin

temperature of the pups. Although the -present experiment adopts only .

3 v

.one of several. possible approaches 'in examining the effects of patigrns\

°

"~ of maternal contact on pup development, if future studies can maximize

nest time differences by directly changing the temperature of' only the

&

Hém,' then perhaps a clearer indication of the influence of nutritional

' ~

- Fa e e N =

and 'maternall,‘fact'ors.on pup 'growthyy be obtained.
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- ‘ Experjment 3

3 i \
ThHé temper?eture elevations obtained in Experiments 1 and 2 in
lactating fiemales conspmi‘ng the pemipugified diet appear to parallel -

~ those found in c;t\her studies cof dlet—-induced thermogenesis, In the rat,

|

PERERS N \ S{or example, cqnsumption of a cafeteria dfet (Bukowiecki et algl982;

. S o
.

S !&thweil and St&ck, 1979),~a low protein diet (Swick and Gribskov,
L .
o 1983‘&, or a semipurified diet (Heraqux, 1969' Heroux et al, 1971) has

. resudbted in either a hyp/e'rthetrg,ic response or a greater ability to

d

| T\ maintain boéy temperature when faced with cold challenges. Moreover,

these thermal responses have also been a‘ccompanied by an increase in the

. . . \ .
S’ o, metibolic activity, weight,\cell size and cell ;umber of brown adipose
] y

o
.+ tissue, the reputed effector tissue of diet—jinduced thermogenesis.
» - B? ‘w -
! J L} .
, { Interesting%y, studies examining diet-induced thermogenesis have

. . . 5 X
“shownsthat the hyperthermia caf-occur at different.time intervdls after
} ‘A , . ot . ) ‘ ’ '

/7 . the initial diet consumption. For example, the increased oxygen

4
-

r ﬁumpt{ion of brown adipose tissue which is sden 'during diet;i«nduce%.
AN . \
'f, ) thermogene?;is can occu ’in‘1 the rat shortly after the presentation of a -
] . L Y

. low protein/‘high carbohydrate meal (Glick et al, 1981). On the other
& : ' : b :
N hand, increased energy expenditure has' occurr‘c,l uUp to four days after
. L ¢
' ; ) ‘
the presegtation ofkpaﬂ cafeteria selectiofy of palatable food items
3 -

. ‘ - during which time dnimals became hyperphagic (Armit.agg et al 1'981).

I
Tt

In the@first two experiments reported here, dams. fed t'he

. >

; semipurified diet had higher body atemperatures tfhan those fed t&e lah

o

¢ chow diet and this effect was - obtained in the absence of increased food

A » *

intake.,, Body temperature increases in the semipurified-fed females }?ere
' ) i N

4..

9 T ’ il - , .
‘ r /ﬂ;‘ , (ﬁfepparEnt"on the first day of-measure‘;qent (‘D,ay 1 postpartum) but theee .

) ‘ ‘ L4
Al K . ; - \ S
.
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.

afimals had been consuming their diet two R& three days pfior.td

yaréurition. Consequently, it was not possible to detexmine the tiﬁe of

onset of body temperature increaseé nor of any transient’hyperphagia.

. : i _ .
In Expegiment 3, therefore, the time.course of the thermal response and .

~ -t

patterns of caloric intake were monitored in nbn—laciating females when

2

the diet was switched from the stock lab chow to the semipurifiéﬂidiet

z .

and when original dietary status was reinstated.
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"'

‘chow and semipurifiéd diet phases and six 5-day blocks for the lab chow

. \ ‘ 72
; - . " Method . ..

Subjects Eleven virgin female Wistar rats, ranging in weight from_223,1

to 241.1 grams at the qunset of the experiment, .were obtained from
0 . \ \

)

Charles River Breeding Farm, St. Constant,.Quebec. Animals were housed

onal2hlight/12 hour‘dﬁrk cycle with lights od at 0800 h and lights

~

off at 2000 h, Mean ambient temperature during the experiment was 19.94

+0.19 ° C.

Apparatus and Procedure Subjects wereuinﬁividually houséd in

[ 9]

_ polycarbonate.cages as described earlier. The diets presented were

those used in Experiments ! and 2. All subjects were allowed ad libitum

7

access to the stock lab chow for a ten d;y perliod in order to establish
baselife conditions. For the next ten day period subjects were
presenged with the‘semipurifxgd diet after which the lab chow.diet was
reirdtroduced. Female body weight and water intake were recorded once
daily while core temperature and’food‘inpake were recorded twice daily
as previously described. To facilitate comparisons among the differeat

I3 ’

diet'phases data were condensed by finding the mean value over each
./ " *

successive five day.interval for edch subject on each measure. This

ylelded ten 5-day blocks; two five day biocks each for the initial lab
' [ -

reintroduttion period.

2 [ [
3
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. \/J Results

Core Temperature Figures 28a and 28b show mean morning and evening core

]

temperature respectively for each ©f 10 five~-day blocks across the
various diet phases. ;he results from a two-way analysis of variance
for repeated measures (Blocks X Time? showed a significant effect for
Blocks and Time of day as well as a ;ignificant interaction of these
factors (F(9,90)=12.73, p<.00l; F(1,10)=121.22, p<.001 and
F(9,90)=1.95,p=.05, respectfvély). Tukey post-hoc analyses revealed
t,t(;t morning core temperature v:@s_significantly greater during the phase
02\ the experﬂnent in which the females were fed ot .the semipurified diet
than in the first lab chow phase and remained statistically
significantly h‘igher until 11-15 days after the reintrbduction of “lab
chow, ” |

| Data for the evening temperatures are similar but there were no
statistically significant differences amo;rg-the blocks.

i

To further explore the rapidity of core temperature fncrease, the

D

last five days of the 1ab chow baseline period and the first five days

..2of the \semipurified diet phase were examined for morning temperatures

Qnly. The results of the analysis indicatea a signifjcant effects of

- Days (F(9,90)=10.94, p <.001) and Tukey post-hoc analyses indicated a

. significant Increase in temperature on the first day of semipurified -
o~

L]

diet consumption. Mean morning core temperature during the last five

L4

days of the lab chow baseline phase and the first five days of

semipurifie'd\\diet consumption is shownﬁ%n Figure 29. o

Caloric Intake Figure 30 shows mean caloric intake over the ten 5-day

blocks of the experiment, A one-way analysis of varlance rfor repeated

measures revéaled a significant effect of .Blocks (1(9,9(2)_-11.44,
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E(.OOl). Tukey post—~hoc analyses indicated a significant increase in
caloric intaké between days 6-10 of baseline lab-chow pre;entation and
&ays 1-5 of the semipurified diet phase and a significant decrease
.betwge; days 6-10-0of the semipurified diet phase and days 1-5 of lab
chow reiﬁtoduction. No significant difference was found between days 6-
.10 of the lab chow (baseline) phase and days 6-10 of lab chow
reintroduction. Mean daily caloric intake during the last five days of
the lab chow baseline phase and the first five day of the semipurified
v

phase 1s shown in Figure 31.

., To further explore the time of onset and duratioﬁ of the
hyperphagia: calor;c intake was examined for the last five days of the
‘lab bﬁow baseline period and the first five days of semipurified diet
consumption: The resuits of the agalysis indicated a significant

' effects of days (F(9,90)=8.72, p<.001). wTukey post-hoc analyses

indicated that there was a significanE increase in caloric intake on the

‘, - 5 * .
first day of the semipurified diet phase over thre entire lab chow
)

(baseline)phase after which time caloric intake returned to baseline

levels.

Water Intake Water intake for each of ten 5-day blocks 1is presentea in
Figure 32. A one—-way analysis of variance for repeated measures

revealed an effect for Blocks which was just sigpificaﬁt (F(9,90)=1.98,
° ¢, ' .

]ynOS). Tukey post-hoc analyses failed to reveal where such differences

L o

in water consumption occurred.

Percent Weight Change Figure 33 shows percent'wgight change over’ each

N

$~day block during each diet phase of the experiment., A one-way

analysis of variance for repeated measures showed a significant\effect

R, S
-7‘&.1
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of Blocks (F(9,%90)=5.56, Bﬁ.OOI).A Tukey post-hoc analyses reve&led a

significant reduction in percent weight gain between days 6-10 of

i

baseline lab chow presentation and days 1—5'%{/lab chow reintréductf&n
" but by days 26-30 there was no statistically significant differénée
between these two diet phases. No statistically significant differences
were revealed between thelsemipurifiéq diet phase and either of the two -

[

lgb chow phgées. .



Discussion

These results show that the Qemipufified diet produces hyperthermia

rapidly in the laboratory rat and that the magnitude of the effect

_varies as a function of the circadian temperature cycle with the greater

effect at lights on (0830 h) than at lights off (2030 h). These data
also suggest that the thermal influences of the semipurified diet are
relatively long-lasting since body femperature did not immediately

return to to LC-baseine levels when the animals were reintroduced to the

-

stock lab chow. 1Instead, only during days 11-15 of the second lab chow

phase did body temperature return to levels demonstrated during the

initial presentation of this diet. "

On the the first day of the semipurified diet phase hyperthermia
was accom;anigd by calo?ic hyperphagia, a result that is reminiscent of
the dietary over-consumption that accompanies diet-induced thermogenesis
(e.g. Rothwell and Stock, 1979). However, hyperphagia was not a long-
lasting phenomenon: on the second'day of the presentaticdn of this diet
caloric intake decreased and returned to levels demonstrated during the
initial 1lab chow phase, althodgh the hyS%rthermia continued., , When the

original diet was reintroduced there was a further reduction in caloric

int;ke, whiph returned to baseline levels after 5-10 days %F
‘ A

i
.

presentation.

There were no statistically significant differences in the

- percent-age weight gained between days 6-10 of thf lab chow (bag@%}ne)

presentation and the entire semipurified diet phase, indicating %ha} the

N ~

ﬁypertﬁermiandemongtrated during semipurified diet consumption was not
accompanied by any change  in rate of body weight ’gain. Rather,

statistically significsnt decreases in pgrcentage weight changz\vere‘
e 4 R .

¥, |

R
4
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found between-days 6~10 of the baseline lab chow phase and throughout

[4

the beriod of 1lab chow reintroduction and this persisted until the last

five day peripd (days 20~25) of the second lab chow phase when weight

»

change was similar to that of the baseline period. Under conditions of’

diét-induped thermogenesis the ‘amount of weight gained usually
associated withsthis phenomenon is far less than what would be expected

despite a éreét increase in energy intake (e.g. Rothwell and Stock,

¥ v

1979). ' That similar results were not obtained during the sgmipurified

phase may be due to the fact that the females were still growing and as

such, the percentage weight change among the different diet phases might
" .‘ . \
simply reflect a decreased rate of body weight change as the animal

matures, ° - \
7

At least one study has presented some data that are somewhat

similar to those of this experiment with respect to time course of the

thermic effect and patterns of caloric consumption. When Armitage et al

(1983) presented rats, with a cafeteria selection of palatable food ftems
. »

?

after having maintained the animals on only a stock chow Soth energy

Y )
intake and energy expenditure 1n$reased but only after the fourth day of

presentation of the supplemented diet. In the present experiment

!

S
however, such increases occurred much more rapidly“than those de&ﬂ;ibedﬁ&a

by Armitage et al since body temperature and. caloric’ intake were

eleéated;on the first day of the semupurified diet phase comparéd to
/ . " .
origimal lab chow levels. Similarito the results obtained in this

\

experiment, Glick et al (1981) have fo&nd a more immee}ate diet effect

~ A v v

: AN .
on energy expenditure. These ihVestigarbca\héve shown that 1nmed1ateyy ‘

following the prggentation of a low protein~high éaréyhydrate meal there
. . ) !

v N . - ) X e N ‘"nf , ) ¢

1 j, . J
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. ‘ , \- : . -
was a two—fold increase in brown adipose tissue oxygen consumption in

vitro and that this ‘increase was also accompahied by an increased weight

“ : \ .
of interscapular brown adipose tissue pads, the reputed effector tissue

of diet-induced thefmogenesis.

During the second 5-day block (days 6- 10) of the semipurified diet
presentation, caloric intake decreased relative to levels demonstrated
durédng  the first Jblock (days 1-5) of this phgse and at this time caloric
consumption was statistically iadxstinguishfble f!om{the LC babeline
levels. Rolls, Rowé” and Turner (1980) and Herve§ ;nd Tobin~¢1981) also
¢indicated that during periods of dietary supplementation (i.e. cafeteria

feeding) the excess energy intake initially demonstrated diminished over

time.

¢ .

’ §witcb}ng animals from the semipurified diet to the stock lab chow
. .

resulted in a temporary depression in caleric intake. Further, when the

females were reintroduced toJ{ﬁe-lab chow caloric consumption returned

tp baseline'levele after 6-10.days bf.Preséntagdorl%f the stoekvbhow{

Both Rothwell dndiftock (1979) and Armitage et al (L983)'have found

sipiiar patterds of respodbes when ?,cafeterid diet was removed and
'

animals were presented only with a stoct‘ghow. In addition, others

(Afditage et al, 1983; Rolls et al, 1980; Rothwell and Stock, 1979) have -

) reported similaz reaponses in celdrfc intake for cafeterta-to-stock chow

-

fed animals. However, the return to-baseline lgvels in the present

- LA T
efperiment was more rapid than the two weeks reported by Armitage et al

(1983). \Lt is 1nterestiﬁg\that“despite the use’of different diet
<4 - N . . f

ﬁtepatations among the various studies cited, results sim@lar to those
-~ >
Preseﬁted in. this expefiment were still obtained. ‘ A
[
In summarx. the data presented in this experiment are consistent

A .

/

L . °



with thé results presented thus far in that consuming the semipurified

diet- is capable, of producing a hyperthermic résponse in the laboratory

rat. Moreover, patterns of caloric consumption and the hyperthérmic
,

respongefvary as a function of dietary regime. The ;hermal wesponse

'which is accompanied by a.temporary caloric hyperphagia, is evident on

the first day of . presentation of the semipurified diet and is also

-

relatively long-lasting. 'In this experiment hyperphagia was défined
only in terms of caloric consumption. Since it has been previously

shown that animals demonstrating diet induced thermogenesis tend to’

-1 Wnate greater amounts of food-derived energy resulting
o7

‘v

from hyperphagia, it would-be. of interes‘t, therefore, to determine

“" ‘i) L. .o
LA -
whether there are any differences in utilization between the ‘two digts

préseéntly used which may be contributing to the thermal response. It -

may be possible that the semipurified diet is utilized more efficiently

than the lab chow resulting in a greater net caloric intake ‘even ‘though

-similar gross quantities of these diets had been consumed.

.

3
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Summary. and General Discussion

These studies have demonstrated ‘that when hfperthermia is produced
. , *

a

in lactating rats by feeding them'a semipurified diet, they épend less
time on the nest during che.light phase of the cycle than do dams that

consumed a stock lab chow diet. The failure to find a_giﬁilar reduction
. v

in nest time in the dark phase is most probably due to the fact that all
t
animals spent‘}ittle time in the nest; probably a result of high ambient

. 3

geméeraturgs in the laboratory at thisg time offday. Decreased conkect
time, however, did not appear fto influence thédev%lopﬁen;of the rat
pup; on most measures of behavioural and morphological development there
were no differences between the two diet conditio?s, perhaps because_ the

change in contact time was.very small due to the fact that there were no

nest time differences at night. The one exception was-that SP pups were
t .

/

better able to thermoregulate thap LC pups.
. T . ! : .
The alteration in mother-young contact suggésts that the increase

in SP dam temperature.did not result from an elevation in set-point for

body temperature regulation (see Jans and Leon, 1983; Leon, Croskerry

1

1978; Woodside and Leon, 1980). Rather the temperature
pparently made these females furthef.vulnerable to the acute

ef fects of huddling with their young. The difference in

mnest time-between diet conditions and the reduction over days both

appear to result from decreased bout duration rather than a decrease in
the number of such bouts. SP mean nest bout duration was shorter than

for the LC grouﬁ and in both diet groups became shorter over days. The

.

reduction in light nest time probably resulted from both an effect of

the diet manipulatibn on the body temperature of the dam and on the skin

»

.' (L%
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:emperaturé of the pubps both of which might have caused SP dam
temperature to rise more radiply (Woodside et al, 1980). Further, dams
ﬁ;rsing warm pups show a marked reduction in nest time compared to dams
nﬁrsing cool pups (Jaﬁs and Leon, 1983; Leon et al, 1978). *
Under the present laborator} conditions, i? was shown that body

temperature increases weﬁf produced on the first day of the
ptesentation of the semipurified. diet and that this effect was
relatively long-lasting; when éhe semipurified diet was replaced with
the stock chow, -female core temperatd}e remained elevated until the
third 5-day block-of the lab chow reintroduction phase. Furgaermore,

presenting the animals with the semipurified diet after the original lab

chow period immediately produced hyper?ﬂégia but this effect qsslshort-

lived since on-the second da e semipurified diet phase caloric

intake returned to baseline/levels.

Since nourishment is only available to fhe pups when they are with

-

the dam'it appears somewhat surprising that the reduction in contact

time expﬁéienced by the SP litters did npt affect‘thgir growth,

£

However, factors such as enerky conservation, rate of milk delivefy and

cdmposition of 'tHe dam“s milk might account for anyrlack of

b R

. i . ) .
developmental differences between the diet groups.' For example, Jans et

.al (in press) have suggested that althdugh pups reared in a warm

environment may experience reduced contact with the mother and hence
recelve less ﬁBurishment, energy that is received may be channelled to
growth since less would need be expended to maintain body temperature.

0

et conditions may, in fact, have /received

Alternatively, pupg in both
similar amounts of nutrié%ts from the.dam. Investigations in this

laboratory (Jans and\ Woodside, manuscript in preparation) have indicated
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»
i

’

that when the dam 15 in a warm environment or-is presented with warm

- .
¥ .
"h

pups, the. latency to- the first milk ejection and subsequent 1ntet—m11k
ejection intervals are signifcantly shorter compared to control dams;
Since both SP dams and pup are warmer than the}r LC counterparts, 1t
may Se that the same aitua;i n results and thus SP pups may be receiving,
more milk in shorter periods of tiﬁe.\ If greater'nést time differences
had been obtained, more pronounced differences in ogfspring developm;nt
would Have‘tesulted. A third possibility is that the S§ diet résulted
in a change in the milk composition of thé dams in that group. -9
. ¢

An interesting finding that was obtained was that SP pups were

bettqr able};9 the;moregulate than were LC pups whgn‘exposed to cold

* N
tress. This finding is in contrast to previous findings (e.g., Krecek

)

/’gt al, 1957) where pups reared in a warm environment demonstrate

»

-delayed ablilities to thermoregulaté? However, pups in the aemipurified

s diet condition had less contact with the dam and may have indeed been
{

exposed to great;;xcold stresses than LC pups. Alternatively, pups were
already eating on their own Wwhen thermoregulatory.abilities were
Assessed and as Heroux and others have shown rats consuming a

sémipurified diet are better able to withstand cold stress than those

»
-

eating lab chow (Heroux, 1969; Heroux, Johnson and *Flattery, 1971).

In light of the nest time data obtained and the indices used to

assess pup growth, perhaps dlfﬁerences’in of fspring development should

~

not have been expected. The.difference in mother-young contact time

"between the two diet conditions was relatively small and this can be

I

" attributed to the fact that at night, both LC and SP dams spent similar

_ amounts of time on the’nest as a result of high ambient temperatures in
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the lab at this time, Compared to other étudigs which have continuously

monitored mother-young contact (Leon et al, 1978; Leon et al, 19823
L4 . ) »

Woodside and Leon, 1980), the amount of time that LC females spent with

their younh appears to be much less than that reported for control

-

'females. If the LC dams in this study had behaved similarly where dark

and hencg total nest time would have been greater this increasing the

difference'between the two groups;‘further differences between'LC~anq SP°

»

pups might have been obtafied. 'Furthermore, the developmental.

]

" measures used here were quite gross and® have been used primarily in

..

studies of severe undernutrition, Perhaps if other, more subtle indices
w 5\

were investigated differences between the pups in the two diet

conditions would have beeg obtained. One possible roulé of
investigation would be to examine the development of the opiate sys{em.
Panksepp, Herman, Conner, Bishop and Scott-(1978) have indicated that

morphine administration, can alleviatelseparatiandistress in a variety

of young animals and that social cdntact activates the development. of
. . LY -

the opiate system. Developmént of this system appears to be plastic .

since young animals group housed immedia@?ly post-weaﬂing are more

sensitive to the same dose of.heroin)than'ére rats housed in isolation

but no differences were.‘*tained for mature rats similarly housed

B3

(Schenk, Ellison Hunt and Amit, 1985) Moreover, the decrease™ in”

sensitivity has been gttributed to a reduction 1A the number of opiate-

receptor binding sites (Schenk, Britt, Charelson, Attalay, 1982). In,

light ‘of this evidence, one might expect SP pups to have less developed

eqdogenous opiatE\gstenxbecause they clearly havevless contact with

their mothers dnd thus a different social environment from the LC pups.

Another measure for consideration would be to examine the 'sexual

,
W
L4
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) development of SP and 'LC pups. It has ‘been shown th%t animals which afe'
‘éexperimentally "handled" prior eo Qeaning have lower serum leveld of
ACTH and gluéocorticoids than do "nonwhandled"'aAimals (Levine, '968:'
&homan and Levine,'1969);and:elevated levels‘of‘tﬁése sécré;ion; migh%é,f
inhibit the reproducFive system (Bediz and Whitsett, 1979).1 actors;
that might be contributed to .the "handling" effect are altered patter;s
of tactile and thermal stimulation that the young anlma' receives:
(ﬁussell, 1971) and this situation may be similar to peing‘r ared in the
SP conditiaen since alerations in mother-young conéact m;y glso produce
differences in these stimuli.‘ }t would be interes‘ing” then, to

-determine 1f the altered patterns of contact ®obtained /between the two
- / 0

present diet conditions might also influence, for example, day ‘of

hY

vaginal opening and testicular descension in the pupé: The more

-~

traditional measures of the handling ﬁhenomen n such as emotional

-

reattivity and corticosterone levels might lend

LY

hemselveg well to.the

ar

- present situation since "Qandled"qanimals, whicl are less emotional than

ékﬂ thn-handled" animals, are similar to the SP pups, 8ince<they too
experieqce different'early envirohments.,

The data presented hefeldO’notvgf course completgly;elucidghe’tﬁq
role that the pattern of mother-litter dontact plays iilinflugncing rag
pup develqpment.l They do, howéver, suggest one routé‘throuéh which to
evaluate tﬁis factor since differenges in ;ontact time, which resulted
in some‘lpng-lgéting change ;n the SP pups,  were accomplished by
manibulaf@%g only dam temperafure wﬁile nutritiopal difgérences weggh

- \ -

minimized.
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also change maternal body tempertaure (Leon et al, 1983; Swick ‘and

Gribskov, 1983) but they do 80 at ‘a sevefﬁ cost to _the dam”s nutritional
1

status. FurEher, changing the ambient temperature of the dam and litter

b

also chanéés the dam”s energy balance and therebw her abilit} to pass
energy to her young.. Unlike these manipﬁlations, the diet manipulation

id

used here does not invoive undernourishment of the dam; SP dams may be.
ovarfed relative to IE dams because the sanipurified diet ;ai»be more
feagily aasimilatea thus ;ieldfng greater nntrign; availability per gram
of diet conaumed than the lab chow diet. Tha best stfategy might be to

look at a variety of manipulations that change the pattern of mother— °

.litter contact and evaluate the effecs of this factor by comparing the

obtained effects on pup development across experiments. ‘ .

The mechanism by which the semipurified diet proauced‘the increase
in body tempefature‘is unclaar but two poasible factors conhributing to
this effect are are diet induced thermogenesia or shifts~in the
circadian rhythm of body temperature resulting from the diet
manipulation. SP females generally gained less weight and were hotter
than their LC counterparts. Thas, they show a diet—induced,
Fhermoganesis , @ phenomenon tha;“haa been‘describad by Rq{hwell dnd
Stock, 1979; l?83’in rats that hecome|hypenphagic on a‘cafe;eria diet,

Acéordfng to Rothwell and Stock, such animals do not gain as much weight.

as would be expected because of an increase in brown adipose tissue

1

activity where some but no¥ all of‘ghe excess calqries consumed are
of heat production. Heightened brown a&ipose
tiasue activity has heen \ h increased size of thig tissue
(e.g., Rothwell and Stock,‘l979) but in Ex iment 2 hxpertroph; of

N I -
brown‘adipose tissue in the’'SP group was not foumd. However, this may

-



o~

o 9

.

mean that the size of the tigéue may not be an .indication of its heat

.produging capacity ox potential, On the other hand, e may be that

.

brown adipose tissue 1s not involved in producing the température

increases. Unlike the phenomenon described by Rothwell and Stock;
=

héwever; the SP animals in these studies do not demonstrate a long-

!

lasting hyperphégia, and, as 1s‘show; in Experiment 3, the hyperthermia
effegf lasts con;iderably‘l;nger tha; the transient hypefﬁﬁi@fi/:;;}\is
observed. An alterﬁativ; is that altﬁodghithe'SP animals are not:eating
more than the lab chow-fed r;ts they are in fact rec€iving more

nutrients because the semiﬁurified'QIet is more readily assimilated.

Such an explanatidn implies that 63;;;~;;;E§1s are not controlling their

nutrient intake in the same way that the rats given the lab chow diet

.are, for the animals in the latter group are4n9: eating at capacity.

-

»

The question then becomes one of identifying the’coqﬁrolled variables

-

with respect t6 food intake in both conditions.

A second possibility is that introducing a novel diet changes the

rat’s pattern of food intake in such a way that one gets a shift in the

circadian rhythm of body temperature that gives the appearance of a -

global increase in core temperature. The finding that ggmale food intake

in Experiment 2 was greater in the SP group‘than in the LC grouyp during

the light phase and less in the*dark phase might argue in favour of such

‘a shift.. However, in light of other data obtafned, this might not

necessarily be the case. Preliminary .data obtained for }o_n—-lac‘tau‘-\-

females suggests that proportional intake during each light phase doés -

not vary'adrdss dietary regime.- With thig in mind, perhaps the

ihcreased food intaie demonstrated during the light cycle by the

4 .

p "":f, /..ﬁﬁ

s ' |
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laéiating females in Experimént 2 simpiy reflects the dam’s ability to..
engage in bqhaviours others than tending to her young sinée she does
" o : ‘spend less time with the*pups dging t\‘t\ls porticm of the light/dark
| , eycle, Furthet, We lab chow diet was reintro uced aﬁter the
s"emipurified'dietf phase in }Z;periment 3, the fe'males cofdtinued to remain
hy.pertheryﬁ: and remained sofor a relatively long pefiod of time and
this, as well, might ‘afgue against a shift in ‘temperature c.yclicity.
' ‘ ‘Finally, if solely a shift in circédian temperature cycle wéys
| contri—buting to the elevation in SP female temperg‘ture, one might expeét
to 'have' a péint of intc;rsectio;u where temperature was similar betw;en .
:thi? diet conditions. . Hlo'we\'rer, SP dam core temperatures appear to be
consistently ~higher ®hose of the ' LC females. What milght be a:possible
‘explana:ion' i-s that temp.er;tureﬁycles are not being phase sh?lft'ed,
- rather the points of origin are altereci where, for example, the patternf
. - ‘té‘:ﬁyeratufe cyclés for the. SP ermales ya\re similar to LCf females but.
they ogly sta-rx at an initifally higher le{rél. The only wa'y to

f efinitively obtain a solution to this problem would be to continuously

mgnitor dam core te,;npe(r re for both diet groups over 24-hours. *

v

& gxiiesent:ing lactaéing. nd non-lactating female rats with a

-semipurified diet can elevate ody temperature compared to females which

are consuming a stock lab chow although the mecb&‘#ism producing ‘'the

temperature elevation is not - yet clear. The increased SP dam

w T
N
\

temperature did, however, produce a reduction in nest time during the

/ . P
CY light portion of the light/dark cycle. Despite this reduction, pup

. —

growth was no't affecteed although SP pups were betier able to

thermoregulate than LC pups. These results éuggest that rat_young are,

- in part, buffered from the consequences of decreased contact with the
! 4
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!' o 'i_dam and henceﬂf reduction in the time available for nourishment,

Moreover, these data also indicate that by changing motﬁer—young contact

5
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time some“long-lasting changes are produced in the offspripg.
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Pioteiﬁ

“Alanine
Arganine .
Aspartic-Acid
Cystihe :
_ -Glutamic Acid .

o . Glyeine -

' Hystadine
Isoleucine
Leucine
Lysine ,

~ Methionine .-
.Phenylalanine -
Proline
Serine - :

;' Threonine
‘Tryptophan *
‘Tyrosine
, Valine "

x Minerals

. Calcium

Calcium Phospha
Chlorine -

S : Chromium Potass

Cupric Carbonat;

- Ferric Citrate.
. © Magnesium
K Manganous €arbo
Phosphorous
Potassium '
. Potassium Citra
; Potassium Iodat
' . JPotassium*Sulfk
'_/(/’ Sodium
) ) Sodium Chloride
Sodium Selenite

Sucrose (finely
Zinc Carbonate

Cobalt
Copper
Fluorine
lodine® e
Iron ;

e Breakdcﬁ} of

s

IS

of Dietary Goﬁktituents

Lab Chow Semipurified
(&/100g) - (g/100g).
. ©3.]
1.42 N 4.2
o . 645
0.35 ~ T 044
‘ \\ 23.6
. . 1.12 * 2.1
.. 0.8/ 3.0
. 1.22 © 6.6
. 1.85 10.1
1.36 - 8.2
0.43 3.3 .
1.07 K 508 .
‘ ¢ 12.3°
. 6.3
oo 89 4.5
. 0.27 * 1.5
e A - 6.3
- S lel7 " 7eh
() {g/kg mixture)
1.01 ' .
te . 500,00
’ " 0.43 N R
ium Sulfate 0.55,
e. - 0.30°7
6,00 °
., 0.2l 24,00
nate’ T, 3.50
. 0:74 .
1,08 o
te Monohydrate 220,00
e ’ - . 0,01
te L 52.00
- 0.36 ) .
. , - 74,00
. ‘0.01
powdered) 118,00%
'1.60
(ppm)
0.37
21541 .
65.0 ,
1.17
197.0
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v

Manganese . 54.4 - \ +
Zinc . < 30.3° o ’
' " 1y Lab\Chow ‘- . Semipurified - \

K Vitamins (1.0%) ‘, (ppm) ( /kg vjtamin mixture)
Biotin ' \ © 0,30 - ‘{?{ E
Cdrotene , ' . 5.6 : \ :
‘Cholecalciferol, ~ ‘ " 2.50 mg.
Choline : 19.0 (x100) L
Cyanocobalamin - . l.Od mg
d-Biatin , . 20.00 ng

~Calcium Pentophentate - T 1.6, g
- d-1 Tocopherylacetate 20.00 g

Folic Acid ' - 1.7 200,00 mg
‘Menaquinone C 5.00mg -
Niacine - R o 60.0 ' L .
Nicotinic Acid } . S 3.00, g - '
Pantothenic Acid 12.5 . N P ‘
Pyrodoxine Hydrochloride - 4.5 700.00 'mg -
Retinyl Pelmatate 1.60) g
Riboflavin . - 4,5 . 600.00 mg
Sucrose (finely powdered) 972.90 ' g ,
Thyamine . 10.9
Thyamine Hydrochloride . - 600,00 mg

|

P . R l

.In addition to the following: ' ‘
)

B-12 ' 9.0 mcg/1b T
Vitamin A 12.0 1U/g
Vitamin D < 3.3 1U0/g . - ﬁ
Alpha-tocopherol -~ 17.0 1U/1b -y
. . |
_ ) | »
Ash 2 6.0 . 3.5 - J.o % , .
'SR A
Mutsture 10.0 5.0 - 8.0 %
R | ; |
C
) | .
| FEEREEN
‘w < !
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Dam Core Temperature
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i
‘Source ss df " ms . F )
\ -~ &
Between , '
Subjecta/Blocks
Diet 9.77 1) 9.77 29,81 *h
" Error . 4.58 4 .32
. g
' / - -
Y;Iithi.n )
Subjects/Blocks
Time of Daf®  5.00 1 5.00 23,20 #ik
* Diet x Time of ’ﬁ
Day .01 - 4,01 .02
Error 3.02° 14 «22
Days - 14 -3 .04 .73
Diet x Days- 32 3 .10 1.55
Error - 2,84 42 .06 .
Time of Day x .06 3 .02 Jhb
Days .
Dieﬁ X Time of Day}x . . “
. _Days .02 . 3 .01 .15
Error - 2.16 42 . .05
; % L
Total _ . 27,96 127

(9!



) . )
(Residual) 8.02 98 z
**% p < ,001
Dam Food Intake R
Source SS df ms F ¢
i et ",'\Th"\' .
Between . ’ iﬂa’
Subjects/Blocks L,
- X : - L
. L ervg .
Diet - 170,10 1 170.10 2.22
Error . 1070.63 14 76,48
\
\

within '

S&{bjects/Blocks N
Days e 1749,40 3 583,13 37,98 **x%

. n\/. . ' .. N 2 .

Diet x Days 4,96 3 1.66 “W10
Error T 644,72 42 15,35
“Total " 3639.96 63

*%x%p < .001 |

P .
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- ‘&? ~ :
Dam Caloric Intake T, &s
ﬁ A
\,
Source " SS df ‘ms - F
-r------— - -
Between ’
Subjects/Blocks
Diet : - 432.02 1 432,02 .42
. Error, 14681.06 14 1042.93
. Y
Within '
Subjects/Blocks .
Days . 23119.24 3 7706.41 39,92 kkx
. 4 w . ‘
Diet x Days 61.73 3 20.58 .11
Eb\g\ 8107.92 42 193.04 '
,} - 1 !
Total . 46321,97 - 63
*%k p < ,001 ; ) T, _
| . g
[ ‘
I
(' Ll
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Dam Water Intake *

Source _ Ss df ms F -~

. - -,
, Betweén _ * '

Subjects/Blocks - -

Diet 4355.83 1 4355.83 38,02 *wk

Error 196,02 14 (114,00

0

Within i

Subject/Blocks .

Days 1771.94 3 590,64  —A3356 wAx
_pjet x Days: 129.91 3 43.30 .99

Error 1829.46 42 43.56

Total 9683.18 63

. .
*%% p <,001 i

I
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\/ - ‘ - Individual Pup Growth - R
' S . : iy
. ' > ’ L |
‘ - . ,\-SOUI’CU SS df ‘ms ‘ F -
- . ’ o) . . .
v T " Between : . ) '
. ‘ ) Subjefts/Blocks ‘
¥ \ _ . . ' -
'Diet ‘\\_‘ ’ 001 : 1 l00]. 0‘01
Error 12,44 - .14 > .88
* T o ’ ’
- Within , "
" Subje'cts/Blocks
I ﬂ’ rd . Y ’ »
J Days h 5.96 3 1.98 12,45 **%
-~ Diet x Days .12 - 3 .04 .26 e
4 “
Error 6.70 42 .16
‘ ’ ) - § _‘/@ ; -
® ‘ ‘ - f
~ ° . . v . . !
T © Total 25,23 - ¢ 63 . o
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.‘_, L)
‘ . Total Nest Time
° Source SS df ) ms F
~ ] t—--
Between ( o 3
s Subjects/Blocks 0
Diet 65664 .08 1 65664 .08 3.60
Error  255261.16 14 18232.94
" Within . ' {
Subjects/Blocks
Days ~ 1158421,26 3 . 386140.42
b g ks
¥ ' Diet x Days’ 4016.18 '3 1338.72 .23
o " Brror 241361.05 " 42 5746.69
5 2 . . ‘ e ’
. Total- 1724723.73 . 63
L wwkp ¢,001 : . —
- . " ' & ™
s : ;2
. ! ‘ ¥’Zl "h/ v .
) o , ~
, Y .
Q . s \
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: - .Light Nest Time
. A - _
Source B SS df ms ‘F
v 4 )
Betweén . . ‘
Subjects/Blocks * N
Diet 127895.64 ~ ©1 12789[K 96 9,04 **
. Error 197951.84 14 14139.42 :
. a2 Within ‘
e Subjects/Blocks ) . .. N
Days  431379.79 _ .3 143793.26" - 49,53 wHx
SO s R “ T ‘
Error  127929.02 © 42 2900807 ' .
4 : — q o K . 3
- Total 884067, 22 63
ek 2 < 001 ) ) )
#4% p < ,001 : ’
2 . /
.\4\,_/ | !
kY ’ 3‘7,? v
» * ‘ - - -
\\ . N . ‘
\\\ \ . N .
o -‘\‘ . by
’ o, - .
, o
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A
Dark Nest Time
~’ Source 8§ df ms " F
‘Between - v
Subjects/Blocks :
‘Diet  10025.02 - "1 10025.02 .12 '
Errer 53667.22 14 3833,37
Within (
Subjects/Blocks
Daye  242172.54 3 80724.18 29,18 *xi~
Diet x Days  1774.04 3 591.34 . 21 ‘
‘Error - 116197.66 427 2766..61
o ¢ . - E. N e ®
' Total 423836.48 63 S /
*%*p < 001, — »
- | i
- .
S ’ K
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Bout Duration (Day ﬁ:and Day 10) '
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+ %% p <7001

Source - 8§ ., df - ms .b
< ‘ ‘ ' .
4
- Between -
Subjects/Blocks
Diet - 456,36 1, 456. 36 4.48 +
. Error 1424.06 14 101,72
Within -
Subjects/Blocks .
eatpres - o
Time of Day 4496.04 1 . 4496.04 80,78 %*nxk
Diet x Time of , ’ ) ,
* Day 485. 10 1 :485.10 8.22 *
Erroy ©779.26 14 . 55.66
Days S 458,92 1 . 458,92 7.42 %
Diej x Days T1.74 1 71.74 1.16
* Exror 865.46 L4 | 61.82
f: v
Time of Day x ° , o
i DéyB ’ 11.02. l ) 11002 t'34 v N
Diet x Time of Day x ' € )
Days 48.13 1 48.13 1.49 .
Error " 452.11 A 32.29
' Total . 9548.20 63 oL ’
(Residual) 2096.83 42 K
+p=.05 o |
*p < .05 ]
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‘ o Total Nest Frequency ’ ’

' -5 7 : " k
Source ©'§8 . . df - . ms F
Between S ' ' :
Subjects/Blocks . " . . -

. ‘ 4 ~ -
Diet - 243492 . 1 . 2434,92 . 1,72%
Error’ - 19721.10 © © 14 © 1408.65 ' )
Between c ’ e
Subjects/Blocks LT S
.Days ' 175132 . 3 - 58377 2,62
Diet x Day 1213.42 - 3 404,47 1.82
Error ' 9335.26 42 . 222426 -
_Total ' 34456.03 63 e s '
R N
- 4 - "
5 - ' "l
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Light Nest Frequency

\

;JSource SS df ms F .=
i
Between )
Subjects/Blocks
_Diet .  538.88 1 538.88 1.58 -
Error - 4775.14 14 341,08
Within .Q
Subjects/Blocks
Days . - 174.89 3 -58.30 . 1.23
Diet x Days 151.88 3 50.62 1.07
Error © 1986.51° 14 47.30
Total 7627.32 . 63
/‘
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T

Dark Nest Frequency .

Source Ss df ms F
Between .
‘Subjects/Blocks \‘/

s ‘ ’ R
Diet -  1062.10 1 1062,10 . 2.00
, / - ct
Error 7411.90 s 529.42
Within
Subjects/Blocks .

. Day . 1130.05 3 376.68 3.27
Diet x Days .755.82 3 251.94 2.18
Error 4833.28 42 115,08
Total 15193.16 63 ,

) : : P

-

) , '



,  Dam Core Temperature

Source

SS df- ,m8
Between T b : ‘
Subject$/Blocks ) ' . #
Diet 8.96 1 8.96 33,26 *k*, \
; — o R

Error 3.76 14 —\\ i

» . . .
Within' B : : ‘
Subjects/Blocks . .
Time of Day  7.67 A 7.67 47,32 *kx

. / - g
.Diet x Time of \
< Day .28 ! .28 1.76
Error 2427 14 ".16 B
.—}/
Days 1.04 3 11,20 *kex*
Diet x Days Jd4 03 | .22 '
Error 1.30 42 .03 iL\v
: . Time of Day x L ' .
' Days " .08 .3 «02 - .51,
‘Cj}Diet x Time of Day f & ' ) ‘
x Days .32 3 .10 2411 -

Ecror . 2.1 42 . 05
Total - 27.94 127
(Residual) 5.68 98 . .

"k ' ’

p < .001 \

AN
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w~r

Dam Ventral Temperature

e

'

> ~
o i
- N
Source 'ss “df " ms F
L.
Between RN ’
Subjects/Blocks
Diet © 27.02 ° 1 27.02 16,48 %k
Error 23.10 14 - 1.65
4
Within .
Subjects/Blocks
Time of Day  6.56 1 6,56 8.28 *
Diet x Time of :
Day 51 1 51 .64
~ Error 11.07 14 .79
. y 3
Days '15.34 3 5.11 7.82 Hkx
Diet-x -Days .75 3 25 .38
Error 27.48 42 .65
" Time of Day x o ’ /
Days 1.33 3 ;17244 : 2,58 /
‘Diet x Time of Day . ‘
vays .06 - 3 v .02 12
Error ' 7.21 42 " 17
Total 120,64 127
(Residual) 45.77 - .98
. v’
* p <.,05 ’
kAR E‘Q 0001 .
L]
’ %

o



%% p < %001
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LY .
Pup Skin Temperature
. L \

Source’ » - SS ™ df ' ms " F
Between
Subjects/Blocks
Dlet 8.42 1 8.42 28,95 w’
Ertor - . 4.07 14 .29
Within
Subjects/Blocks N\
Time Of Day B .16 e ———— - '1'6‘ 067
Diet x Time of ) @

" Day .49 1 .49 2,15
Error ) 3.24 14 - .23
Days - 5.62 ) 3 1.88 11,52 %ok
Diet x Days .30 3 - «10 .62

*

Error 6.84 42 .16
Time of Day . x . ,

Days 1.84 - 3 " .61 4.07 * - Y
Diet x Time of Day x ° a n

v Days ' .08 3 .02 019 \-
Error - -6.31 42 .15
Total 37.40 127
(Resffual) 16,40 98 '
A ~
. N .1 ) ;’
% p < .05 N
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Yk

%k %

% k%

o ~ '
4
Dam Food Intake
Source ss df \ &8 F [
. -
)
, AN
Between
Subjects/Blocks . .
Diet 328,38 1 328,38 1,54 *%
Yo : . r .
Error 398,23 14 28.44
Within S
Subjects/Blocks (/ ! ,
Time of Day 4363.64 o 4363.64 87.59 °
Diet x Time of - : °
Day 499,28 , 1 499,28 10.02
Error 697.44 14 . 49,82
. ’ . ) ‘ “ 4
Days* 1557.97 3 519.32 ,» 89.80
ARG v
' Diet x Days 86,36 3 28,78 #.98
Error 242,90 o, 42 5.78
Time of Day x - - . {
Days 30.20 3° 10.06 1.18 .
Diet x Time of Day x . .
Days ' - 11.67 3 3.89 A6 .
Error . 356,78 42 8,49
. (/, . ' ! / N
-
Total . 8572.88 S127
(Residual) 1297.12 - 98 ‘ >
*p < .05\
** p < ,01
Rkk 2 < '00‘1 !

123
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« Dam Proportiona\l Food Intaky
Source Ss ’ df ms ) j F
’ . Between ! ) X '
’ Subjects/Blocks’
N Dlet _ .000 1 .000 1.00°
' Error 2000 14 '.000
¢ Within
Subjects/Blocks
Time of Day,; 2.85 1T T 2.8 73.84 *z*
pppp Diet x Time of- _ ' s . :
o Day. :17 1A A7) bbb+
_ Error WS4 014 7 .04 |
Days .000 -3 | .000 9%
Diet x Days .000 -3 - < .000 .99
' ' h ) ‘s ‘ - ‘Q
o Error 1 . 4000 42 000 .
* . N\ » . ’ ' ' : |
<, Time of Day x ' o )
Days .05 | 3 ‘ .02 . 3.12 »
Diet x Time of Day x__ . o ' .
P Days 01 3 .004 - w79
P s l ' L ’ o A
Error B 24 42 ’ 005 -
;.k~ ‘ e 8 ’ . /{ 2 - & . -
o ; ré:u@ ~ 3.88 ' 127, :
B ST (Residual) .78 ‘ 98 - -
. ., \ o ° ~ !
®. ‘
“ ' . » . + B = .05 lt ‘
' ' * 2 < 005 ! . ' :
| kNN p ¢ 3001 . S ‘

L}

M ' “
\ - . .
. . @ .
8 . . o
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. . . .
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Rk k < 001
e
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‘ Dam Caloric 'Intake
v \
~ j
' Source’ . SS df ms F
Y ‘ _
. " Betwden ‘
Subjects/Blocks A ‘
‘Dget 264.24 1 264.24 .76
= Error 4866.18 14 347.58 |
. Withi‘!l ¢
v " _Subjects/Blocks
Vi 4
= Time of Day 56933.30 1° 56933.30 78,44 *kk
: ‘ .
Diet x Time of - ] .
. Day -  4516.18 1 . 4516.18 6.22 *
Vg N . . .
.Error - - 10160.68 14 . 725.76 -
" " Days 19779.76 3 6593.08 111,84 **x
Diet:x Days  821.74 3 273,91 bhobh **
, . - . . Al -
I 2475.76 42 58.94 '
LV A * - ‘)
»
- Time of Day x . :
\ Days n 404,14 3 134,71 1.30
" Diet x Time of Day x -
Days * 172.80 3 57.60 , 55
. v [ o
T Error . . 4365.55 42 . 103:94
e - ,
e Total 104759.84 127 - | '
* (Residual) ~ 17001.99 98 \ '
. % . .
* p<.05 .
ek 2 <‘ 001 .
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Dam Water Intake
Source 58S v df . ms F
- e ——— P \ ~—
Between ‘
Subjects/Blocks R —_—
D?.et 12165.81 1 ‘ 12165.‘81 93.006 ***,’
Error 1830.12 14 130.72 .
Within '
Subjeets/Blocks . ‘
Days 5579, 45 3 ° 1859.82 59,88 %k
! Diet x Days 1277.70"‘ 3 425.90 13,71 &%
Error 1304.49 42 " 31,06
X -
Total 22157.59 - 63
2.5 .001. .
' ”
'y .
I : ‘,. ~
- . A
' / )
<’ ' ) ¢ "
;. . .; . Py
. )
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AN - Sy o
Pup Brown Adipose Iissﬂe Weight
Source ss df ms . F
Diet . 011 - 1 .011 1.08
ﬂk Sex .004 1 v .004 43
- Diet x Sex  -.017 1 .017 1.70
0 " -
z Beelr | .286 38 = 010
Total ,+319 . i1 N

Pup Adrenal Weigﬁt

. . ' . . n ’
. 3 * . ’ ‘ '

Source Ss ' df . ms B
_«Diet: .000 1 © .000 W42
, . Sex - .000 " - -1 . . .000 .12
‘Diet x Sex -~ .000 > 1 | - ,000 LN
- Error . w008 . 28" ,000
v _h_:\\- » . . -
_ Tosal . -002’ 31
‘Y : "
i ’ #* )
Coy L
I -




. ' | S 128 -

Pup Gonad Weight
»

. . <L
” Source ss df i ms F
. Diet .001 1 001 .97
Sex ' 1.720 1 1.720 . 1221,08 #%%
Diet X Sex .000 | R .000 W17
Error .04 28 - .001
Total . 1.76 » 31

Pup Whole Brain Weight

‘ f . Lo
H

Source 8S df : ms ' F
Diet .25 S S 1. 3.28 B
Sex 204 1 C .04 .51
Diet x Sex 20 ° 1 . . .20 2,63
Error " 216 28 - .08 &
Total 2,65 © 31
*k% p < 001 f

], "
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Pup Brain Weight Less Cerebéiluﬁ

P

s " 129

Source . ss - “df ms

-+ 2 = ,01 Fekek R < 0001 .

F
Diet .24 1 .24 3.92
sex | .o;/’ 1 .06 .94
CDiet x Sex .14 ! Ty .13
Error 1,7? 28 - .06
Total © 2018 1
“ " ‘ Thermoregulation’
\Sodrée ) . SS df - ' ms F
Between . ':1 - 2
Subjects/Blocks’ , : . :
Diet L7041 1,70 '1.08 . _
Sex “ 5.08 1 5:08 3.24
Diet.x Sex ,) 01 1 .01 01
Error 43.86 28 lse - )
Within ' SN .
Subjects/Blocks . .
Time 74,38 4 18.60 154,74 whw
Diet x Time , 1.66 . “ ) b2 3.46 +
Sex x Timé 42 4 | .10 , 387
-Diet x Sex x Time 40 4 . oelo .84
Error 13.46 | 112 .12
<
Total -140,98 159
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. ' - ) ) ’ - - . e
v ' . ' Lt .
Righting Latency - R
& ~ ‘ - ' - - *
Source - . 8§ N df ’ ms - > F
- . . s
 Between . . : a
Subjects/Blocks . ;

Diet .01

Error ; 2.12

Withir -
Subjects/Blocks

Dags © 29.64

Diet x Days ;40-

o 01 . .06

fu—y
f -8
-
fa—
w
1"

Error l\20;60"‘ o112 <18 ‘ . .
= ’ - T

Total 52.78

.

p < .001
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Appendix C: Analysis of Variance Summary Tables (Experiment 3)
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'Female Core Temperature Across Diet Phases

-

df

ms *

132

Source SS F
Subjeéts/Blocks

26,92 10
Blocks - "15.05. 9 1.67 12,73 %kn
Error 11.82 90 .13
Time 24,52 1 24,52 124,22, *%*

»

Error p 2,02 10 .20
Days % Blocks 1.45 9 .16 1.95 +
Error 7.44 90 .08
Total 87.24 219 ¢
(Residual) 21.29 190
+ Q - .05 * ‘
**% p < .001 A

- "
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Female Core Temperature During Last Five Days of Lab Chow

Baseline and First- Five .Days of Semipurified Diet Phases -

Source §S af ’ ms F
Subjedts/Blocks (64 . o,

Days 18.88 9 2,10 10,94 **%
Error 17.26 90 .19

Total " 43,78 109

4

Ik p < 001

—— ——
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Female Caloric Intake Across Diet Phases

**% p < .001

e
Source S§S . df ms F
- ’
Subjects/Blocks .
i 1060.11 10
Blocks 5883.52 9 653.72 11,44 *hx
. Error 514470 90 57.16
/\‘ 1 - o =y
A
" ‘Total 12088.93 109
. ' '
[
*k% p < 001
Female Caloric Intake During.Last Five Days of Lab Chow a
Baseline and First Five Days of Semipurified Phases
. A
"Seurce SS df ms ‘F
Subjects/ - t '
Blocks ° 7830.33 10
Days 8183.02 9 909.22 8,72 %k%
Error 9386.94 90 104,30
Total . 25400,94 109
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.Female yater Intake Across Diet Phases
Source ss df ms F
| N 4 JA}—
Subjects/Blocks \ . . |
N , 10658.01 10
Blocks 690.15 9 76.68 1,98 +
Error 3492,76 90 38.80
/ , N
f ” Total 14840.91: 109
N +‘v‘2 - ..05 o . .. » .\4 . 3
¢ . ) ‘K" ‘
. N \‘ ) T h
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Female Percent Weight Change Across Diet Phases

- =

- ’
Source K df ' s F
Blocks/Subjects ‘
54.48 10

Blocks ‘ 3‘15.4') 9 35.05 5.56 ¥k
Error 566.83 90 6.29 -
Total 936.80 - 109 . i
*kk _p_.< 001 .
3

e / ‘
i .
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