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ABSTRACT

Factors Influencmg the Self—Selection of Ca1c1mn
. in Lactating Rats o

k)

; Lisa Millelire /' >

Factors ingluer}cing the self-selection of’calcium in lactating
rats were investigated. In Exi:eriment 1, ) two groups c¢f lactating rats,
one having a litter size adjusted to four pups (n = 10) on the d‘ayb
aftér parturition and the other a litter sizeo;ljusted to 16 pups (n =
9), were given ad lib access to a 2.4% solution of calcium lactate,
demineralised water, and a calcium deficient 'diet. Calcium, water and
food intake were ';:ompared for these two groups both before impregnat#on
and during 16 days of lactation. Females nursing 16 pups increased

2

their calcium and food intake over the course of lactation more than

" did mothers nursing four bups. In E;(perim‘ent'Z, a similaf pr_o;c_edur‘e was
employed to determine whether milk deIivery'was a necessary
prerequisite for an increase in calcium intake duringﬂ lactation.
Female rats were divided into .four groups consisting of 10
nonimpregnatea, 10 impregnatéd,, 10 impregnated galactophore-cut, and
hine sham operated impregnated ar;imals. Litters of. all reproducing
females were adjusted to eight pups per litter on the day after
pgrturition. To maintain pup health and thus equivalent suckling
stimulation among groups litters werg switched between galactophore-
cut, impregnated and colony.foster mothers ever;( twelve hours. Over the
- course of lactation galactobhore-cut dams showed an Nincrease in calcium

intake compared to nonlactating females. Further, galactophore-cut

females took in similar quantities, of calcium as both intagy and sham
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operated impregnated animéls/,in‘ the f:}rs’t week of lacf_ation. These.
'studie§ showed thit female rats do selectively increase their calcium
intaké guring lactation. Moreover, tiifs increase was found to vary as
< 8 functior; :Jf litter s;ze‘ and persist in the absence of milk delivery

A}

\ 14 N : ' \
The results of thesevstudies 5re1 discussed in tl:erms of potential
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Rats are an example of an alfricial species, tha'E is, a species
that is toéally dependent on its mother for sustenance in early life.
Morgover, the female r‘at reproduces a number of times during her life
(Galef, 1981). Conséquer‘xtly‘ during any one rep;:oductfve epispgie the .
female rat must partition both her time and energy resources in the -
most efficient way in order to guarantee the surviyal of her young,
witho:Jt compromising her own future .reproductive success. A successful
outcome to a reproductive episode is achieved by a complex interac\tion
of both physiologigal and behayioral mecl';anisms.

The provision of warmth and adequate nutrition by the rat dam to
her young are two of the most important activities she will enga.ge"in
to-ensure‘thg survival of her offspring, and '‘both are poteptiially
costly with respect to ,\re:source allocapion.‘ f(eeping the pups warm ’is
primarily a drain on maternal tim.gzt.'. Rat pups have very limited

thermeregulatory abilities and the major sourceés of warmth in their

environment are maternal body heat and the warm milk delivered by the
" - \

‘dam. ‘If ambient temperature is low, then the dam spends almost all day

(1200 minutes) in contact with the pups (Jans & Leon, 1983). This cost

can be offset by maternal behavior. For example, the dam may construct

a nest for her i)ups that effectively raises the ambient temperature of

the immediate environment. Increasing the ambient temperature at which

v

the dam rears her -young has a variety of effects on pup development

P

(Jans, deVillers,’ & Woodside,1985) and for the dam herself (Jans &
Woodside, 1987). Providing the pups v;ith a warm environment reduces the
total amount of time that the dam spends in contact with her young by
as much as 50% when compared to females that have reared their young in

cooler environments (Jans & Leon)l983). In spite of this reduction




i

t

. —
i

!

i

‘ in mother-young contact, however,_ pup growth is maintained because pup
energy expenditure associated with thermorequlation is minimized. As

" /well increased ambient tempe’rature decreases the latency to the first
milk ejectlon and thus facilitates mllk delivery m the dam (Jans &
wOodside 1987). Further, dams raising their pups in a warm nest show
_reduced £ intake and a shorter period of lactational diestrus than
- those rearitig tf{eir pups in-a cooler ambience. Thus tHe behavior of

nest bu1ld1ng and its mteractlon with phys1ologlcal mechanisms may

significantly reduce the cost:of reptoductlon for the dam.

Providing adéquate nutrltlon for the young is the other major.

energetic cost of lactation. Brody, Riggs,) Kaufman, and Herring (1938)

have estimated that the metabolic rate of females at the period of peak
lactation is three times that of the nonpregnant rate. This high

.erlergetic cost is again offeet by both physiological and behavioral

mechanisms. Throughout lactation (énatomical changee in the digestive -

| . .
tract oclur, where the alimertary canal progressively increases in

weight and size and thus absorptive capacity (Cripps & Williams, 1975).
Accompanying these physiologicai' ‘char:ges' are behevioral modifications,
for example, the fémale rat meets the nutritional demands of her young
by changing her feeding beﬁavior. In particular’she may alter the
amount and type of food that she selects. During lactation the.female
ratl may increase her\ food intake by three times as much as that eaten
prior to'mating (Fleming, 19;16) and this increase has been found to
be proportional to the number of pups she suckles (Ota & Yokoyama,

1967). Further,\Leon and Woodside (1983) have found that when lactating

rats are given a diet diluted with a non-nutritive substance, tﬁey will ,

increase their diet intake in order to consume as much of the nutrient

»

-
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fraction as controls. - : ) .
O hd ’
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‘The factors medlating the hyperphagla of lactatlon are unclear,

5 .

however, the events accompanymg the nm:sing situation suggest a number
of possible gmecha_m.sms. Lactation in Ithe female rat is mltiated and

sustained by the suckling stimulation received from her’ ybung: ﬁTpis-

suckling st':imulation not only provides a means for milk withdrawal but

”

also stimulates the release of ho'rmones from tile anterior pituitary
needed for’continuation of lactation. * In partlcular, prolactin and
adrenocorticotrophic hormone serve to stlmulate mllk synthesis and the
development of the mammary gland (Simpsorl, Simpson, Sinha, & Schmidt,

©1973). ' Further, the release of oxytocin from thé/posterior pituitary
‘ ‘ . Y

is stimulated which, in turn is essential for milk let down, while
“ . i '

" genadotrophic activity is inhibited (Tarner, 1966). Cotes and Cross

4

(1954) *have suggested that the suckling stimulus alone and/or its

induced release of hormones are responsible for the observed
s Y o

3

hyperphagia'in lacj;ating rats. -Lactating dams that receiveasuckling e
L . i 3 ¢ .
stimulation from their young but are prevented from delivering milk as

a result of galactophore ligation continpug tp show a significant
3 ’ ! : !

24

increase in food intake owver non-suckled galactopho're—cut animals ;;:hose
litters have been remo\;ed at birth (Cotes & bross, 1954). -

Regardless of the etlology of‘plactatlonal hyperphagia these .
fmdmgs suggest that in terms of providmg adequate nutritlon to %‘k
offspring female rats can meet the J.ncreased calorlc demands of
lactation. leferent stages of the reproductive episode,; howevei‘ may .
call for expenditure of specific nutrients, the guestion of how well
the female rat may be able to sel@ such nutrients has been less well

mvestlgated One nutrient that «d4s known to be of’ partlcular

« . R



dmpeortance during a reproductive episode is calcium (Garel, 1987). In
general, calcium is an 'i@ommt and necessary mineral to the body and
| is -involyed i{xﬂ many physiological functions. In the ~human body,

- calcium.is the most abundant ca‘tion consisting of 2% of total body

o ¢

o weight. As much as 99% of all calcium is contained in bone. The
, .

- . 1} ] 1] » L] 3 [ ‘ 3
- ~ remaining calcium is involved in the stimulation 'of musclecontraction,
“ .

regulation,of synaptic transmission, blood coagulation, myocardial
functign and activatiop of enzymes all of whick in turn are reguired
tfcaar normal behav;or (Czarnecki & Kritchevsk.y, 1980)

During lactation a specific demand is placed on the female rat for .
célcium which is ddlivered to the young in large %uantities through the.
. v ' dam’'s milk (Czarnecki & kritchevslcy, 1980). For e‘xample, in the

o lactéting rat the daily loss of calcium in milk is approximateiy 100
' * mg, which is 30 times more than the dafily =urine excretion. Over 21
. days of lactation this is equivalent to the transfer'of 60% of the
calcium cdntent of the maternal skeleton t.o the ;itter; yet, the’
lactat'ing dam may l;se oniy 15% of her calcium bone stores (Garel,
1987). If there is insufficient calcium in the diet of a ldctating rat
" then this shortfall is compensated for f)y{ the résorptioq of large
amounts of calcium from the maternal skeleton, such that 58% 'of the

‘» initial bone calcium content is lost (de Winter & Steendijk, 1974)., )

The female rat is a particularly good candidate in which to study

~
" mechanisms of calcium homepstasis during lactation because of the much

higher rate of calcium excretion in the milk ‘relative to.body size when

| . “.v compared to humaris, whert the daily loss of calcium in the milk is
- " . abOut 1000 mg. When expressed per kilogram'of body weight the calcium

' },"loss in the' lactating gat is approximately 60 times greatgr than that

. > -
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of the lactating woman (Toverud Boass, Haussler, & Pike, 1983). This
great stress placed on the homeostatlc mechanlsm in the rat in turn
accentuates hormonal and behavioral adjustments. The next question
then, is what metabolic and behavioral changes in lactating rats allow
them to-fneet this specific demand? ' . .

The homeostatic mechanism used to regulate calcium works within
extremel’y narrow limits (Lloyd, McDonald, & Crampton, 1978). Upon

calcium consumption from the diet, the level of serum calcium in the

" body is controlled by a' hormonally mediated mechanism involving

parathyroid-hormone (PTH), vitamin D and calcitonin. During
hypocalcemia the secretion of PTH" trorn the parathyroid gland is
1ncreased. » This mcrease in turn stimulates the synthes:.s of 1,25~
dlhydroxwltamm D3 (the metabol:.cally active form of v1tam1n D) J.n the
quney by activating the enzyme 25-hydroxyvitamin D3 l-hydroxylase.
éarathyroid hormone in conjunction with 1,25-dihydroxyvitamin D3

enhances calcium absorption across the intestinal tract, increases bone

resor%lon and kidney calc:Lum absorptlon, thus mcreasmg calc;Lum ‘sexum ‘

levels. Under conditions of hypercalcemla the parathyr01d stimulates

the thyroid gland to secrete increased amounts of calcitonin.

decrease blood levels of calcium. Calcitonin exe‘i:éts its effects by

1

promoting the absofxpt’ion of calcium into bone and by preventing the

mobilization of calcium from the bone (Freed, Perlow, & ‘Wya 1979).
Durmg lactation adaptive changes to this mechanism are made; for
example, the percentage of net calc1um absorption across the intestine

b}

may <ise up to three fold ,‘(Fpurnler & Sousbielle, 1952; Kostial,

, Gruden, & Durakovic, 1963), an effect that depends on the high serum

\]

~Calcitonin has the opposite effects from PTH in tha.t it functions to-

[

—
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levels of prolactin during lactation which, in turn, lea\d to high
levels of 1,25 dihydroxyvitamin D3 (Robinson, Spanos, James, Pike,

Haussler, Ma.xKeen, Hillyard, & Macintyre, 1982). As well, 15% of

O ]

maternal skeletal calcium may be depleted during lactation (Viarnock &,

} - .
Duckworth, 1944) and urinary calcium excret_ion is decreased (Fournier &

| 1Y
Susbielle, 1952). 1In spite of these xﬁechanisms, serum calcium is

.. somewhat lower in lacta‘LtingA rats than in nonlactating females and it
. ( / .

has been suggested that this reflects an increase in skeletal
—

conservation of calcium in the lactating female (Toverud, Cooper, &
4‘\ B
Munson, 1978).

.

. A number of investigators have shown that when calcium metabolism

is disturbed, for example, by parathyroidectomy, rats are able to
4 ‘_——u————————':'

* -compensate by selectively increasing their intake of calcium solution
(Richter, 1937). It seems reasonable, therefore, to’suppose that the
lactating rat would show a similar change in behavior to augr:nent the

'physiological mechanisms that appear to cprl—s:arve calcium during

]

lactation.

Indeed, the early cafeteria-selection studies of.Richter and
) ol : )

. Barelare {1938) showed that during pregnancy and lactation rats

selected a diet rich in protein, fat, and calcium and were able to

. v

maintain a pattern of nutrient intake condicive to normal growth and

- reproduction. These authors suggestéd that the particular selection of

. , these nutrients i_ndigated their importance during reproduction. Other
: * : §
" researchers, for example, Tribe, (1955) unforténately have not been .

able to replicate the results of Richter and Barelare and the

v . . differences in results have been attributed to p;:oblems of r;alatiﬁility'

with specific nutrients. _( ' ) ’

. ’
a » ™
f
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chfently Woodside and Millelire (1987) used a two-choice technique

adapted from Richter and Ekert (1937) to in\{estigate calcium self-
selection during reproductive episodes in ‘female rats. This study was
designed to determine whether female rats given access to demineralised
water, a 2.4% solution éf calcium lactate and a calcium defic_ient diet
-would demonstrate selective i:ntake of ralcium by increasing their
ilfxtake of theo~ calcium solution ?.ﬁ{i/r:;‘;i:gnancy and lactation over
those levels cbserved in nonimp"regnated‘ females on .tljxe sameé diet and
impregnatgd animals given access to a calcium sufficient diet and the -
same fluid choices. The results of this study suggest that female rats
'do selectively increase tﬁeir calcium intake during lactation. The
reproduciﬁg female rats on the calcium deficient diet .took in more of
‘the c:alcium solution than the nonreproducing females on a gimilar diet.
Further, these females increased their intake of calcium solution
relatively more than their increase of water. Moreover, impregnated
females on the calcium deficierit diet showed a greater intake of
calciym solution than those reproducing females having access to a
~ calcium sufficient diet. These data strongly suggest that rat dams
selectively increase calcium intake during lactation.

Given that this selective incr;ease does occur the next question is
the mechanism by which this ‘change in inte}ke is brought about.
"Specificélly, two questions remain: firét, how does t:he animal select
a ‘specific nutrient; and Hsecond , what factors influence the amount of
intake of a pafticular nutrient displayed within a particular
‘man‘pulation. |

The first of these two questions has been addressed extensively in

the area of specific hungers. , Generally, in the“nspecific hunger

' 4
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literature substances have been divided into two categories, those for

which the animal has an innate hunger, for example sodium, and those

}
for which the specific hinger is‘learned, for example, thiamine (Rozin

&

& Kalat, 1971).

It has been thought that the léarneql preference for a specific
nutrient is based on the assoc\:iations between the tf_aste of a food that
contains a needed dietary substance and the beneficial effects of its
ingestion (Rozin, :i976).‘ On the other hand, an abundance of literature
(Nachman, 1962; Handal, 1965; Richter, 1936, 1939) has suggested that
the~ appetite for some substances, in particular, sodium, is not learned
but rather is innately or genetically predeterrpined. In the case of
calé:ium, however, many conflicting findjngshexi\st as to its learned or
innate properties (Rodgers, 1967; F;umkin, 1975) and no conclusive
evidenc;e has as yet has been reported.

The studies described below are concerred with the second of the

two gquestions outlined abgve, that is, which factors within a

particular- inanipulatic;n may lead the animal to display a specific

‘
1

hunger.

Rit:htgr and Eckeft, (1937) suggested that a selective increase in
intake .of a particular nutrfent may simp\ly be the direc:t l:esponse to a
deficit of a specific nutrient. An animal that is deficient i; a

particular substance simply eats more of that substance to compensate

for' its deficiency. Such a deficiency could be produced in a number of

ways: by removing a specific nutrient from the animals diet,
increasing the loss of that nutrient by either increa$ing output, as in
lactation, or by reducing the means of conserving a-particular

nutrient, as after adrenal‘ectomy. Thus, in the case of lactation,

o
»

(S}
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females_simply increase their intake in order to compensate for

deficiency mduced by increased loss of a specific nutrient, milk. It
. - . has recently been suggested, .'however, tha;t a selective increase in
" -intake of a‘ particular nutrient can be obtained by directly stimulating
the neural substrate mediating the apfetite for that substance; ‘fo?
example, Epstein (1982) has shown that inti:aventricul‘ar administrdtion
of angiotensin IT in sodium-repiete rats results in an increased
appetite for sodium. Such a me;hagism Qould allow for a preventative
increase in intake of a particm;lar nutrient; that is, these data raise
the possibility tha}t a hormonal change is sufficient ﬁ‘o obtain a change {
in appetite. A
In the present paper, I address the question: what are the
c‘rit::Lcal stimuli present during-lactation that promote or instigate t;1e
aisplay of the specific hunger for calcium ? Specifical}y, does the
~ 'female lactating rat increase’ her dietary preference for 'caléimn as a
‘ “result of her hormonal éi:at,us, suckling stimulation, and/or milk l
delivery per se ? To investigate thi® problem I detérmined_ whether »{ ]
relative calcium intake would increase with litter size; that is, can

lactating females selectively increase their calcium intake as a

function of litter size? In the second experiment I determined whether

Fl

milk delivery was a nécessary prerequisite for the female to show a

~ selective increase in calcium intake. \

A
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. éenerally it<has been‘ reported that female rats'nursing large

litters eat: more than those nursing small litters (Leo;m'& Woodside,

1983), Moreover; Ota and Yokoyama (1967) have shown that dams nursing

' either two, four, eight or twelve pups increased their food intake in

proportio& to the numb,ler of pups they were suckling. These authors
further sudgested that the number of suckling pups may affect the rate /
of secretion of pituitary hormones associatéd with the development 74

y

the mammary gland and thus thé amount of milk produced may be direc}

" regulated by the number of suckling pups (Ota & Yokoyama, 1967). -5

. Given that female rats can selectively increase their calcium

intake during lactation (Woodside & Millelire, 1987) it was of/interest .-

to me to see if calcium intake, as with food intake, would vary as a

function of litter size. In the presént experiment, thergfore, animals

<

? were -randomly divided into two groups and the number of/ pups per liti:en

was ‘Edjusted on the day after parturition to four r 16 respectively.'
I was expected that dams nursing-16 pups would/self-select greater

amounts of calcium lactate than those dams nur: ing@only four pups.

é

/

/
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. . Method
/ Nineteen virgi?l female Wistar rats obtained from Charies River
Breeding Farms (St. Constant, Quebec) served as subjects. All animals
were approximately three months of age ar}d weighed betweena 240 and 290
grams. '
Procedure
All animals were housed in individual plast‘ic cages, 38cm x 33cm X
17cm in dimension with Beta chip bedding. They were kept in a 12 hour
light/dark cycle room having a temperature of 20°C + 2°c. All animals
had ad ‘lib access\ to a 2.4% calcium lactate solution, demineralised
water and a calcium déficient~diet (ICN, Nutritional Biochemicals,
Cleveland, Ohio) as shown in Appergéix A -
Both water and the caJ;cium lactate soiution were presented in 100
mL gradua;ted cylinders equipped with rubber stoppers and metal spo'uts.
The calcium deficiept ‘diet was served in glass jars a;ffixed to metal

supborts which in turn were secured to the side of the cagé. A

Sartorius scale (Model no. 1206 BMP3) and an Ohaus triple beam balance

were used to rwéigh food and animals respectively. In order to avoid a ‘

response bias to the position of the water and calcium lactate, tubes -

weré alternated daily, while the position of the calcium deficient diet

A ¢ a

remained the same. - Each container was refilled when necessary;

approximately every two days.

»

Impregnation was achjeved by introducing males into the home cages"

of the females. Vaginal smears were\taken each morning until the

'

présen‘ce of spermatazoa confirmed impregnation. On the day after

parturition animals were randomly assigned to one of two groups, one

-~

. - Y

. Y ,
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* including 10 dams with a’litter size adjusted to four pups and the
other consisting of nine dams each having a litter size adjusted to 16

pups .. ’ {W

Intélge measurements of the three nutrient fracticns, as weil as
female and whefe appropriate, .pup weight were recorded bidaily between
0500 and 1200 hours. Data fcr both groups were collected for eight
days prior to 'mating and for 16 days of lactation. While data were not
collected during pregnancy animals were maintained on the same dietary
" regimen throughout this perlod. ' |

Data were collected bldally and a mean bldally intake for blocks
was calculated for each animal.. Blocks cons1sted of eight days
baseline, days one through eight of lactation and days nine through 16
of lactation. In order to/ account for variation between groups observed
in the baseline period, data were anal&sed as absolute change from
baseline for the two eight day blocks of’lactation. A two-way split-
plot analysis‘ of variance with Litter Size as the between groups factor
anq Time cs the within groups factor was carried out on the blocked
data for calcium, water and food intake. All source tables for
analyses of variance are shown in Appendix B. ~

' Results |

LY

b4

Cglcium Intake

‘ Figure 1 shows the mean bidaily change in intake of calcium
sointion expressed as change from baseline and averaged for blocks for
both groups over the course \of lactation. .Both groups of animals
increased their calc;um intake over the 16 days of lactation
(significant main effect go£ time; F(1,17) = 35.49, p<.001). Overall,

animals nursing 16 pups took in more of the calcium solutipn during

1

{
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lactationlthah did those animals nursing four pups ksignificémt main
effect for groups; ‘F(1,17) = 6.03, p<.05), however, moét of, the
increase of the calcium solution by dams'nursing 16 pups ocurred in the
second week of lactation (significant interaction of G;ouias X Timep _E.
(1,17) = 10.16, «p<.01). |

When these da}ta are expressed 'as relative change in calcium
solution', that is, change in the percentage of totar;\ \‘f'luid intake
ingested aé calcium solution, the analysis of variarlce revea'ls,a
statistically significant effect of time (F(1,17) = 27..22, p<.001).
The main effect for grdups did not reach statistical significance but
the Groups x Time.intera_ction did (F(1,17) = 6.25, E<.0‘5), t}nat is,
dams nursing 16 pups shov!ed a s%gnificaﬁtly higher relative cha;lge in
intake of calcium soluttion in the second.week of lactation compared to
dar;ls nursing four -pups. ‘

Gram Calcium Intake .

The calcium intake data above, expressed as grams of calcium
mgé'sged, show that dams nursing four pups on the aver\age took in 0.09
+ 0.07 grams of calcium, bidaily, above basellne levells in the first .
week of lactation and 0.29 + 0.09 grams of calcium ift~Week two of
lactation. Animals nursing 16xpups increased their bidaily intake by
0.19 + 0.07 grams of calcium during week one of lactation and by 0.84 _-l;

‘.15 grams of calcium in the second week of lactation.

Water Intake

—_

Me,an bidaily intake of wéter expressed as change from baseline and
aver:-ged per block of lactation is shown in Figure 2. Water intake N
increased significently over the period of lactatign in both groups of

animals (significant main effect for time; F(1,)7) =6.17, p<.05). No
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Bidaily intake of calcium solution (mL) for dams nursing
‘four pups and dams nursing 16 pups over the course of
lactation, expressed as change from baseline and averaged
over eight day blocks (means + S.E.M.'s) are shown. The
left hand panel shows the baseline levels for the two
groups (means + S.E.M.’§) are shown. ' -
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panel shéws the baseline levels for the two groups (means
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other statistically significant effects were gbtained. ;

LY

2

Figure 3 shows/tﬁ; ,me;m bidéily food intéke,”expressed as change

from baseline and averaged pér bloclf of lactation. Dams nursing 16

pups and 'ltfl:xose nursing four pups ate increased amount$ of’ food ever the

course of lactation (significa;nt; main effect for time; _§‘_(1,17°) =

111.64, E§.0(ﬂ)v1\). Animals suclzli;lg 16 pups, ‘howevér, éte more in both

N t';he first and second %eek of lactation than didgtho\se suckling four

Pups, (significant main effect for groups; g. (1,17) = 21.95, p<.001 and
significant interaction of Groups x Time; F@Q,17) = 13.2, E<'dl) -
Rexproductixe Qutcome Measures . ' — . p‘

,There were no differences between dams nui:si.ng four pups and dams

I\

nursing 16 pups in pumber of pups born (lltter 51ze of 16; mean = 11. 8

+ 0.9, litter size of four; mearh 9.5_+ 1. 03 t(17) -1.65, p>.05),

.weight of newborn pups (litter size of 16; mean = 6.28 _t'O.‘Z, ‘litter
size of four; mean = 6.4 + 0.28, {17) = 0.31, p>.05) or percent mother
weight change over the course of lactatlon, » (lltter size of 16; ,amean =
—8 1 + 3.34, lltt’er size of four; mean = -5.7 i 2.23, _t_:_(l'?:) = Q.59, P
>.05). Differences, however, were found between the two groups in

Ce e

R _weight of pups on Day 16 postpartum (litter size of 16; mean pup weight

= 20.43 j-_ 1.57, litter ‘size‘ of four; mean pup weight = 31.75 + 2,53,

t(17) = 3.79, p <.05).

o

T T Discussion
.«‘ 'I(‘he‘ resﬁlts obtained from my first experimgnt cdnfirm the
'fypothesis that lactai:ing dams nursing different size litters ;nd given

v . the chance to self-select for calcium will increase their inta};e as a

functlon of litter size. .Overall, dams nursing 16 pups increased their

2

_ N
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calcium intake more than did mothers nursing four pups. ‘This g’creasé

was observed mostly in the second week of lactation where dams with

. litters of 16 pups took in almost three times the amount of calciﬁm

solution (when expressed as change from baselme) than did dams nursing
only four pups, while mtake of calc1um solution in the flrst week of
lactatlon by dams nur51ng large litters was close to double that of-
,dams nursing four pups.. u

Consistent with .previous data (Ota & Yokoyama, 196'7), ‘mé.the(‘rs

nursing 16 pups ate considerably more food than mothers nursing small

litters. Nearly flve times'as much food was consamed (when expressed as-
rhange from baselme) by the mothers nursing 16 pups in the first week

'of lactation and almost three tlmes as much in the second week. As ehas

]

also been previously reported, however, the extra food mgested by the '

dams nursing large litters was not sufficient to result in equal pup

*growth between pups in litters of 16 and°those in litters of four.

4

" Thus, my findings indicate that calcium intake,.as with food
mtake, does vary as a functlon of lltter size. Dams nur51ng 16 pups

deliver more milk than those nursing four pups; thus, these data are

.

consistent with Richter's saggestion that lactating females increase

°

their intake of specific nutrients so as to meet the requirements of

»

in;lk production. But, as'Ota and Yo}coyama (1967) have .suggested', the’

rate of hormone secretion may be directly regulated by the number of .

3

* suckling pups, and levelos‘)ofgprolactin do seem to increase with
[ f

increasing litter size (Ford § Melampy, 1973). These data, then, are

\ e oL n
also consistent with the notion that a hormonal mechanism may be

" mediating the selective increase in calcium intake Seen in lactating

.
¢

rats. : ,

=

C, 18
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In the next experiment, therefore, I examined calcium self-
selection in.postparturient female rats which were not delivpring miik,

but in which the g:rmonal state typical of lactation was raintained.
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Experiment 2

Past evidence has suggested that the sucl%ing stimulation and or -

its induced release of hormones rather than milk delivery per se are

dlrectly responsible, for part of the enhanced food intake observed in

tHe lactating rat (Cotes § Cross, 1954) These authors have shown that

1actatmg female rats whose galactophores have}eﬁ‘cﬂt to prevent milk
delivery continue ts suckle their young and show a Significant mcrease
in food intake and body welght as compared to galactophore-cut anlmalsn
whose litters have been removed at birth. The increase in food intake
by suékled galactophore-cut females, however, wéé not found to be as
great as the increase seen in intact lactating rats. ‘

In the bresent experiment, in order to disentangle the initial
question.of whether the hormd;:’?l-status of the l;ctatiné dam, the
suckiing stimulation, and/or milk delivery per se leads to 't.he-

selective increase in calcium intake, T determined whethér milk let

down was an essential prerequisite for the female, to show.a selective

increase in calcium intake.

I employed a procedure similar to that used by Cotes and Cross ‘

(1954). Nursing dan’'s’ galactophores were cut to prevent the withdrawal

of milk,1~ yet suckling stimulation received from her pups was maintained

in order to sustain a normal lactating hormonal status. One difference )

in this study, however, was the tlme at which. galactophore ligation was
b performed, spec1f1cally, in this experlment surgery was carried out one
week prior to impregnation as compared to 36 hours postpartum in the
study of Cotes and Cross. We reasoned that if milk delivery alone was
" a necessary factor contribnting to the selective increase in calcium

intake, then dams whose galactophores had been cut should take in the

-

’

Q
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" . same amounts of calcium as their nonlactating controls. If, however,

the dam’s suckling'éti’r‘nixlus alone or resulting change in hormonal

' status is the crucial factor necessary to instigate _{:he selective .

.. increase of calcium, then galactophore-cut females should consume -~
. . similar quantities of calcium as their intact lactating controls.- f
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Method

" Subijects

Thirty-nine virgin f‘emale Wistar rats obtained from Charles River
Iéreeding Farms (St. Constant, Quebec) were used. All rats were

épproximately three months of age and weighed between 230 and 260

' grars.

5 %

Surgical Procedures ' .

\ !

Galactophore ligation was carried out one week prior to the

beginning of the baseline periad. Under metofane anesthesia two

midline incisions were made exposihg the galactophores of all mammary

glands. All galactcphores were tut and the midline incisions closed.

.The success of the operations were verified by weighing litters befbre

and after sﬁckling and by postmortem examination of the mammary glands.

Identical érocéduores were followed for sham operated animals, but
galactophores were left intact. : | '
Procedure <

| Animals were divided intc'> four groupé _consistiné of 10 non-
‘impregnated, 10 impregnated, 10 impregnated galactophore-cut and nine
sham qperated impregnated animalé. )

'i'he nonimpregnated andrsham operated animais served as ccntrols
for the remaining 'two groups. Since no significant statistical
differences were found oﬁ any measures between the impregnated and sham
operated animals, these groups were combined to form‘one lactating
control grodp (n = 19). Animals were assigfmed randomly to each of the
groups. |

For all animals, bdusing conditions, nutrient choice; equipment,

and mating procedures were identical to those procedures used in
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Exberiment 1. . | *
During the baseline period intake measuremengs of the three
nutrients and femile weight were recorded bidaily betv;reen 0900 and 120@\ .
d

hours. During lactation, the nutrient measures as well as female an -

where appropriate pup weight were recorded daily at 0900 hours. in

. addition, to ensure that equal suckling stimulation was received by all

impregnated females and to prevent starvation of the litters of

-

galactophore-cut dams , litters were rotated between galactophore-cut,

impregnated and colony foster dams respectively every 12 ‘hours (0900

¥

&

A mean bidaily intake was calculated for each animal. Blocks

and 2100 hours).

“ comprised eight days of baseline, days one through eight of lactation
and days nine trllrough 16 of lactation. Aga:in data were expreesed as
absolute change from baseline to account for any discrepencies in
intake between groups during the baseline period. A two-way split plot
analysis of variance with Groups as the between groups factor and Time
as the within groups factor was carried out on the blocked data for
calc1um, water and food intake All source tables of analyses %f
variance are shown in Appendix C.
Results

Calcium Intake

\

Figure 4 shows the mean bidaily change in intake of the calcium
solution expressed as change from baseline and averaged for blocks for .
all groups over the course of the experiment. Overall, the impregnated
gélactophore-cut and lactating control animals increased their calcium
intake across the whole of ‘lactation more than did the nonimpregnated
animals (sigr')ificant n_xain’ effect for groups; F(2,36) = 9.24, p<.001).



24

The main effect for ttme d1d not reach statistical s1gn1ficance
but the Groups x Time mteractlon did (F(2,36) = 3.02, p<.06). "Scheffe
post hcc comparisons showed that bqth the galactophore-cut and
lactating control groups increased ‘their'intake of calcium solution to
* a significantly greater extent than the nonimprégnated group in both
the first and second weeks of lactation. Further, in the ;irst week of
lactation galactophore-cut dams took in sim—ilar quantities of the

L]

calcium solution ‘{:o the lactating 0921'-_1‘01 dams. By the second wéek,
However, lactating control animals were drinking significantly more‘o.f \
the calcium than the galactophore-cut group.

Analysis of these data when expressed as relative change in
calcium solution reveals a statistically significant main effect for
groups (F(2,36) = 5.72, p <.01). Scheffe post hoc comparisons showed
that the pércentage change in calcium solution intake during lactation
is higher for the suckled animals (both galactophore-cut and lactating /
control groups) for the nonimpregnated group. None of the other
effects rea statistical significance.

¢

Gram Calcium Intake

The calcium intake data above, expressed as grams of calcium
ingested, shows that galgctophore-cut animals on thé average took in
0.25 + 0.08 grams of calcium bidaily above baseline levels in the first
week of lactation and 0.23 + 0.03 grams of calcium in week two of |
lactation. Lactating control animals increased their bidaily intake by
0.24 + 0.06 grams of calcium during week one of lactation and i:y 0.48 +
0.08 grams of calcium in the second week of lactation. The non-
impregnated group did not %xow any change in gram calcium intake in-

5
either week one or week two of lactation.




ER

CALCIUM INTAKE (mL)

1

n
[=]
)

-
[T
T

3
|
Vg

"

25

b ' ,
N .

v

I

G Nonimpregnated
" § Lactating Cg‘ntrols I
E3 Galactophore-Cut |

»
.
T

a *

3

[ ]
¥

1

CHANGE IN CALCIUM INTAKE (mL)

Figure 4.

&

=
o
b

-

Bidaily intake of calcium solution (mL) for nonimpregnated,
lactating control, and galactophore-cut animals over the °

" course of lactation expressod as changs from baseline and

averaged over eight day blocks (means + S.E.M.’s) are
shown. The left hand panel shows baseline levels for all

. three groups (means + S.E.M.’s) are shown.
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Time Course . .

=™

In Figure 5 we show the abso‘lute intake of calcium solution for
the galactophore-cut and lactating control group's for lactation only
plotted bidaily. When the lactat}onal data for these two groups are
compared using a two-way analysis of \;ariance with one between factor
. (Groups) and oné within factor (Time) the results sr;ow a significant

“effect for Time (F (7,189) = 3.26, p,<.01) and a Time ’.x Groups
interaction (F(7,189) = 2.;1, p<.05). Trie main efféct for Groups did
noﬁ reach statist;ical .significance.

Water Intake °

The’ mean bidaily water intake expressed as c;lange from baseline
and averaged per week of lactation is shown in Figure 6. Overall, the
lactating control females increased their water intake across the two
weeks of lactation more than did the ncnimpregnatéd or ’galactophore-cu’t
dam;, (significant main effect \for Groups; F(2,36) = 8,75, p< .001;
Time; F(1,36) = 19.13, p<.00l, and significaht .interaction of Groups x

. Time F(2,36) = 7.84, p<.001).

As shown by Sch,beffe post hoc comparisons the lactating control
group tock in significéntly more water than did the ‘galactophore-cut
and npnimpregnated groups, in both the first and second weeks of
l'actation“: Over the course of lact';ation galactophore-cut animals
actually took in less water than they had during the baseline period.
In fact, in the first week of lactation they were consuming
significantiy less water than the nonimpregnated animals; however, by
week two of lactation they increased their water int_ake up to levels

Similar to those of the nonimpregnated females. -
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+ . Food Intake

Food -intake expressed as change from baseline averaged bidaily and

per block of lactation is shown in Figure 7. Animals in the lactating

\'.‘f;.- control group showed a 'greater change in food jintake over the two
weeks of lactation than did both the nonimpregnated and galactophore-
cut animals.‘ The anglysis of wvariance revealed significant maln‘
effects for groups and tixr;e a;s wel; as @ significant interaction of"
_these two factors: F(2,36) = 56‘.7’9’, p<.001, F(1,36) = 72148, p<.0p01,
and-§(2,36) = 30.11, p<.001, respectively.

" -

The lactating control‘group increased their intake of food to a
significantly greater extent than the other two gfoups in both weeks of
lactation as indicated by Scheffe post hoc comparisons. In addition,f
only during the second week of lactation did the galactophore-cut

. r
animals ingest significantly more food than the nonimpregnated animals.

Reproductive Qutcome Measures s
Both impregnéted groups showed r;o differenc s in number of pups
born (galactophore-cut group; mean = 11.7 + 0. lactating control
group; mean = 11.1 + 0.57, t(27) = 0.49, p>.05) or weight
(galactophore-cut group; mean = 5.95 + 0.24, lactating control group,
mean = 6.3 + 0.16, t(27) = 1.2, p>.05). One-way analysis of variance
and Scheffe post hoc comparisons showed that galactophore—-cut &a\ms had
a higher percent weight change over the course .of lactation than both
the lactating control and nonimpregnated animals (significant ef}ect o
- groups; F(2,36)=3.73, p <.05). Nonimpregnated and lactating control
animals, however, were similar in percentage weight change over the
time period of lactatéon. of particular importance to this study was '

the assurance that galactophore-cut mothers were in fact not secreting
“u,,
I
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+ ' any milk despite intense suckling from their litbers. Pups nursed by

galactophore~cut dams -lost weight after eve 2 hour rotation period

™ .
and litters averaged over the entlre 16 days of lactation a mean daily--

s ~

loss of 11. 21 + 1. 03 grams as compared to pups nursed by lactating

control females that gamed on the average 17.92 + 0.9 grams per daya
per litter.

' Discussion . .

Data obtaihed from my second experiment demonstrate that suckled

dams whose galactophores have been cut to prevent milk delivery

A 2

continue to show an increase in calcium intake compared to nonlactating

* . AN .
females. Both the lactating control and galactophore-cut groups took
. B «

in similar quantitiés of calcium in the first week of lactation. By the
. )

o b d , - .
second week galactophore-cut females maintained their calciunwtake’
i \)

while lactating control mothers showed a further increase in ucalcium
probably due to the timing of peak milk production.

These data indicate that suck,ling stimulatlon alone is indeed
sufficient to cause a selectlve increase in calc1um intake. The
increase in calcium intake, however, can be,even further augmented’'¢f
dams are deliverlng milk, as is the case seen here for the lactating *
control animals during the second week of lactation. Thus,j it appears
that both factors; milk delivery and suci-:ling stimulation: contribute
/ to the overall increase in calcium intake during lactation, ‘but, it is
clear that milk delivery alone is not a necessary factor

In the first week of lactation galactophore-cut mothers were
actually takmg ir less water ‘than they had tmring the baseline’ period.

Inter/ésﬁngly, the actual total .fluid intake of calcium solution and

-

3

M water combined was the same as during baseline,- P

0

=T _ : | \ ; o
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© My results for food intake are similar to those of Cotes and Cross
(1954) for food intake where galactopl‘lore—mzt suckled females sho°w an
increase in food intake' iﬁthe absence of milk dgli;zery. The pattern of
these results can be compared to calcium intake where galactophore-cut
femgles took in more of the calcium‘solution ,&er the two weeks of

‘ ' lactation than did the nonimpregnated controls..
. These data support the hypothesis that lsuckling stimulation itself
| and/ 01; gl}e hormeonal status it .induces, is suffiéient to augment a
relative increase in‘calcium inta¥e in postparturient female rats.
Before this conclusion can be drawn, however, some ali:erna;tive

explanations have to be considered.

{Firs’t, it is bossible that galactophore-cut animals increase their
. ﬁ. self—selection of calgcium during lactation as a resuylt of incurrihg a
. calcium debt dﬁriﬁg pregnanc’y 'anﬁd‘are thus compé;}sating for this debt
/ during lactation. This possibflity, however, seems ufllikely as. the
dam usually experiences ag'increa_s,e in bone mass and consequently
calcium stores &gring pregnancy due to the action of estrogen (Miller,
Schupém, Redd, Miller & Omura, 1986). Furthermore, if the observed
"increase in calcium intake ocurred as a result of an acquired, calcium
'q;abt during pregnancy one would expect the pattern of calcium intake

‘ ¢ over the course of lactation to appear quite different from the pattern

_ increase in calcium’ intake at the very*begmnmg of lactation followed

by a slow steady decrexase in intake for the remainder of lactation,

" rather.than the steady level of calcium intake observéd throughout. both

[

‘ l' R * study. ‘

L]

that I obtained. 1In particular, one might expect= to see a large'

"weeks one and two’of lactation in the galactophore-cut females in this’



¢

To test the \hypothesis that the female rat incx_‘g’ases:het calcium

intake during lactation as a response to a ‘alcium debt acquired during
pregnanacy a few groups could’be added to the existing experimental
AN ) .

design. Specifically, we could look at calcium intake in galactophore-

’

ct and sham operated animals whose pups have been removed at
4

. partutrition. The additiom of @ thalectomized control group of animals

would provide additional ihformation concerning calcium intake in the
absence of milk delivery and suckling stimulation; that is, ta simply
look at the presence of p{Jps as a function of calcium intake. If these

three groups showed no increase in calcium intake during the time

.period of lactapion then we could suggest that the increased calcium

A
intake observed in galactophore-cut ‘and lactating control mothers whose

T

pups are present is not a response to compensate fqQr a calcium debt

G @
acqu1red during pregnancy but rather a result of factors present during

‘“lactation.

-
Second, cutting the galadtophores qf female rats did indeed

~preve,rn: the delivery of milk to the suckling pups since litter'we'ights
decreasedﬂ after each 12 hour period spent with galactophere-cut dams.
Preventing milk delivery, however, does not exclude the bossibirlity
that scgme residual milk production is occurring which may be sufficient
to maintain the observed irzcre:ase in calcium intake by galactophbre-cut
dams during lactation.

q According to Selye (1934) mi 1k production does persist in suck od
dans after galactophore ligation. The mammary gland alveoli of the
galactophore-cut females in Selye's study were found to be still
engorged with milk 11 days after galactophbre ligation was perfomed.

In this study autopsies were carried out on Day 16 of lactation”

»

] . >
p
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, for both the sham cperated and galactophore-cut animals and, upon gross
inspection, the mérqmary glands of galactophore-cut anirpals appeared
flat and pale yellow in color, a very dif;ferent appearance; from those
of sham ope;atgd animals which were pink and swollen.

The existing d.i:_screﬁenciés between our observations and those of
Selye (1934) may bé due to fhe different conditions under which
galactophore ligation \was performed. In particula;, the animals in

. Selye's ex'perimenr: underwent galactophore ligation on Day 3 of
lactation, after milk production had commenced, whi'le in our study
surgery was performed one week prior to impregnation.

A

Even if a small amount of milk production was occurring in our
galactophore-cut females the demand for 'Ealciqm in sustaining this
production is questionable. If milk was being produced and was not

L beiné delivered it is presumably being resorbed back vinto the system,”
and thus the galactophore-cut animal is experiencing no net loss of
‘ calcium and ‘would st;ll be i.ngesting more than is required. The
question then arises as to what the animal is4 cioing with the extra
| intéke of calcium. It would be interesting, therefore, to analyze the
uripary and bone calcium content of these galactophore-cut females.

In order to eliminate the possibility that residual milk

. production leads to an increase in calcium intake observed in
Ba}actoghore—cut females, one ciould comp~ar¢= the calcium intake of these
females to6 a group of mamxﬁectomized females. Mammectomy would ensure
the absence of milk\production without altering the homoﬁal 'status~‘of
the dam (Moltz, Gellkbr, &: levine, 1967). If mamméctomize% females

consumed similar quantities of calcium as their galactophore-cut

B .
counterparts then the increase in calcium intake could be attributed to

T
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factors other than a need of calcium for the production of milk.
As these alternatives appéar unlikely, then how might the suckling

stimulation and/or hormonal status produce these effects ?

i
-

The first step in unravelling this question might be to getermine
- whethér‘ this behavior is indeed hormonally mediated. Since elimingting

‘1 .
the neural input from suckling inevitably results in a disruption of

4the females hormonal status, the more straight forward approach would

%

seem to be the selective aobservation of the effects of élimir{ation- and

s e
‘replacement of the Hormones of lactation or self-selection of calcium.

Given that many of the hormones that are elevated during lactatian
have also been implicated in the control of calcium meta\boJ:ism, for
example, prolactin, PTH, and calcitonin, it seems most probable that
the relative increase in calciu'm intake in lactating femalds is
‘hormonally’ me&iated If this is indeed so, how might the hormomal
status of the dam be producing these effects” 2

One possmlllty is that the selective increase in calcium intake
by galactophore—cut and lact;atmg control animals may be the result of
one of the calcium regulating hormones having a direct effect on the
neural substrate mediating calcium appetite; much like the effect found
by Epstein .(1982) with Angiotensin II and sodium appetite. As of yet,
however, little or no evidence has been réported concerning this
possibility and in carticular, the exis}:ence of a calcium taste

receptor.

A final alternative is that thg hormonal status of 1act'.ating'

animals is changed in such a way that there is a resulting shift in
calci m homeostasis so that the dam is always in a calcium need state.

Indeed, Toverud, Harper and Munson (1976) have shown that intact
- /

3
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_lactating rats~are hypocalcemic. Moreover, they have provided evidence’

36

_showing that iv administration of calcitonin decreases serum éalc;lu;n
leve‘ls\ in’lactating rats but not in r_lo'nfactating rats. Perhap:s, tﬁen,
ga;laEtophore-—cut females, as intact lactating females, hajé@h
circu;l‘ating levels of calcitonin, are in a hypocalcemic state, thus
increase their calcium intake ‘in-response to low serum levels of
calcium. This possibility could be further examined by comparing thé
lsérum calcium and calcitonin levels of galactophore~-cut, lactating
coni:rol and nonimpregna}:ed animals. It would also be of i’nterest to
compare serum calcium and calcitonin levels. in dams nursing 16 bups and
those nursing four pups to see if these levels differed as a function
‘of amount of milk produced and amount of suckling stJ'Smulation receivec}l.

| \

' The other side of the question, of course; is thg role that milk
' -delivery plays in coﬁt’ri‘butiﬂg to the overall increase in E:alcium
intake by female rats during lactation. It is presumed, however, that
the rr;échanism by which this fa\ct'or serves to increase calcium intake is
one and the same as that Jjust previously described. Perhaps, as the
5;nou{xt of milk delivered by the dam increases over the course of
lactation the level of serum calcium décre'ases to an even greater
egitent than that seen in galactophore-cut dams. Thus, lactating dams
may show a further increase in calcium intake in response to very low.

serum levels of calcium.
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Summary and General Discussion

It is clear from tiue results of the expériments described above
that female J;ats nursing large litters increase their intake of calcium’
lactate to a greater extent than do dams nursing small litters.
Moreover, results from our second experiment indicate that the amount
of milk delivered does not seem to be an essentia’l factor controlling
the increased calcium intake observed in dams nursing 16 pups, since
suckled dams whose galactophores have been cut to prevent milk delivery
continue to show an increase in calcium solution intake comparable to
their intact lactating controls. In addition, galactophore-cut dams
nursing eight pups took in similar amounts'of calcium to intact females
nursing four‘pups. The pattern of calcium intake aver lactat\ig?/for
these two groﬁps, however, was quite different; galactophore-cut dams
maintained a consistent level of calcium intake throughout lactation,
while dams nursing four pups showed a progressive increase ir; calcium

\

intake over time, reaching levels similar to galéctophore-c:ut dams by

a
-

the second week of lactation.

Potential explanations and mechanisms mediating the increase in
calcium intake in the abscence of milk delivery in the female rat have
been suggested and include: a) the fema_gle d4ncurring a calcium debt
during pregnancy resulting in a compensation for this debt during.
lactation, b) the occurrer)x,ce of residual milk production sufficient
enough to maintain an increasé in calcium intake, c¢) a direct hoqnonal
effect on Ejpossible neural substrate mediating calcium appetite, - d)
an overall change in pormongl status resulting in a shift in calcium

homeostasis so that the dam is constantly i‘;r\:) a calcium need state., A

review of current knowledge suggests that the latter is the most likely




"

hypothesis.

Clearly other studies are needed, some of which have been
discussed, to further establish the 'precise mechanism underlying the
self-selection of calcium solﬁtion in lactating rats.

The quéstion still remains, however, as to how and when female
rats learn to di.stinguish between tﬁe calcium lactate solution and
demineralised water. Results of previous studies have shown that rats
made calcium deficient by either parathyroidectomy (Richter & Eckert,

1937) or by maintenance on a low calcium diet (Scott, Verney, &

" Morrisey, 1950) develop a preference for a 2.4% calcium -lactate

solution and a calcium sufficienf diet repectively. These authors
suggest that calcium deficient rats learn to develop a preference for
calcium as a means to help correct ;che deficiency.

It is presumed, however, tha} animals in the present study are not
in a calcium deficient state.‘ Previous. finéiings (Woodside & Millelire,
1987) have shown that female nonimpregnai:ed rats maintaine? on a
calciqm deficient diet and givén ad lib access to a 2.4%. calcium
lactate solution do not appear to compensate for t;he absence of calcium
in their diet by taking in more calcium than nonimpregnated an\imals on
a calcium sufficient diet. Animals in both diet conditions took in
similar amounts of the¢ calcium lactate solution, although, animals on
the calcium sufficient diet also obtained from their food an amount of

¢alcium (when measured in grams) equivalent to that amount sampled from

the calcium lactate solution; It is assumed then thét animals

maintained on the calcium deficient diet abtained as’much calcium as is

normally required by nonlactating females, ‘while animals given the

calcium sufficient diet were taking in more than normal requirements.
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6iven these findings, it seems clear that animals in the present study

do not learn about calecium as a result of being calcium deficient.

The fact that intake of calcium solution in baseline is much lower
thar} that of water would suggest ﬂhat the ariimals are in fact
discriminating between the two - presumably on a taste cued - and, that
they find the taste of the calcium solution mildly aversive. The’
question then is whén do the animals learn to assoclate taste with
post-ingestional consequences, as it is presumably this association .
that mediates the increase in calcium intake during lactation. One‘
possibilit':y is that they only léarn about post-ingestional cues when.
they become deficient. To fest this hypothésis, a series of flavor
experiments could be conducted where flavors of equal preferé.nce are
added to both the demineralised water and calcium lactate solutions
prior ‘to lactation. Once lactation had commenced, the flavors added to
the twé) liquids could be interchanged.” If animals show an increase in
. intak;e of the flavored solution initially associated with calcium then
it may be a‘ssumed that an a'ssociaﬁion between the pos't—ingest ional
effects of calcium and tﬁg taste of the solutipn were made prior to
lactation.

In the conte;rt of maternal behavior, it seems that wé ;again have a
situation similar to that of nest builfiing where the dam is meeting the
demands of her young by utilizing both physiological and behavioral
mechanisms. Specifically, the reproducing ‘dam experiences both
physiological (an increase in abiozptive capacity of the /small
intestine) and behavioral (a three fold incfease fn overall food

intake) char;rges which help meet the increased nutritive demands of her

young. Thus, from the results of the present study the dam seems to
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béhaviorally augment physioloéical mechanisms by not 6h1y increa;sing
. ' hef overall food intake during lactation but als\o/Qy increasing he‘x.-
| relative intake of specific nutrients, such as calcium. Moreover, when
the dam is faced with the increased demands 6f a iarge litter she
attempts to compensate by further increasing her calcium intake in
ad'dit‘ion to her overall food intake. .

Overall, it appears that the sélf—selection of calc:';mn sc;lution by
lactatind rats is one of a variéty of strategies that the dam employs

which serves to offset. the cost of reproduction.

N

»,
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Calcjum Deficient Diet
Composition \_j j g/kg
: ) :

Vitamin Free Caesin . ! 240
. Sucrose | 680

Corn. Oi1 | ' B 50

Calcium Free Salt Mixture . 30

Plus Special ICN Vitamin
Diet Fortification Mixture

.Vitamins: mg

%
Added to each 100 grams of caesin:

Ttuam:me Hydrochloride 1.46
Riboflavin 1.46
Pyridoxine Hydrochloride 1.46 / ¢
Nicotinic Acid ‘ 10.4 /
Calcium Pantothenate . 8.3 .
Choline Chloride ~ 417 .
Inositol 4.7
Para-Aminocbenzoic Acid 126
© Salt Mixture: - I g
Potassium Phosphate (dibasic) 645
Sodium Phosphate (moncbasic) 126
Magnesium Sulfate ' 100
Sodium Chloride 282
Ferric Citrate - — 55
Potassium Iodide 1.6
Manganese Sulfate ' 9 f
Zinc Chloride : A 1.
Cupric Sulfate 0.6
Vitaminst . " mg
Added to each,100 grams of corn oil:
Beta Carotene 22
Irradiated Ergosterol - : 6000 I.U.
2-Methyl- IMphthoquinone , 12

Alpha—Tocopherol . 100 .
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Table 1 o
Change‘ in Calcium Intake
o “
Source SS df MS F
"Between ‘
Subjects/Blocks 5
 Groups 175161 1 1751.61°  6.03 *
Error 4934.14 17 290,24 °
R . Y
Within
Subjects/Blocks -
Time 3089.49 1 -3089.49 35.49 #x#
\ ’ .
Groups X Time 884.70 1, 884.70 10.16 **
" Error ' 1479,52. 17 87.03
Total - 12139.46 37 L
5' -
*  p<,.05 ' ‘
** p< .01 ' -
*** b < 001
!
oL U
\ 'I}L o \
RTINS b
ct” :
. .
3 ‘A .



‘Table 2

Change in Relative Calcium Intake

- Source o SS daf - -MS . F °

Between’ - -
Subjects/Blocks .
Groups | .506.47 1 506.47 . 0.92

N ) ' . \\
Error 9392.92 17 552.52
Within - K ;
Subjects/Blocks -
Time 893-24 T 893724 o7 I FRF

o Groups x Time .' 205.03 1 205.03 6.25 *
Error . 557.88 - 17 . 32.82
Total . 11555.54 37 S / X
* p<.05 )
xx% 5 < 001
- g} *
P 4
Q - -
b 2 >
. . C . |
\' -~
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- Table 3
.Change in Water Intake
f, .
_ Source " . ss . df MS F
Between
Subjects/Blocks .
. Groups 2172.03 - 1 2172.03 v 1.29
Error 28521.67 17 1677.74
9 . “
Within
. Subjects/Blocks ’,
$ LY : ‘. ' ' N * : N
‘ Time . 856.00 1 856,00~ 6.17 *
Groups x Time - 6.93 1 6.93 .05
Error . 2358.21 17 138.72
Total 33914.84 37
*p < .05 - -



Table 4

Change in Food Intake

Source SS . df MS F .
"Between — ’
Subjects/Blocks o
*. Groups  8167.58 G 1 BL67.58 . 21.96 ***
' ' »
o Error 6323.28 17 371.96
Within 0
Subjects/Blocks ‘
Time ————3925.9% 1 3925771 TII. 64 ***
Groups x Time 464, ? 1 464.25 | 13,20 **
, Error ‘ 597.79 - 17 35.16
Total ¢ 1947861 371 ’
** D < .01 , ]
*x p < ,000 - C
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Appendix C:
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* . ©J+ _ Table5 )
. _ Change in Calcium Intake
’ Source ~8s . df " Ms . F
- Between
Subjects/Blocks ‘
" Groups | 2988.20 2 ' 1494.10 9,24 **x

) B y .
Error - 5818.91 36 161.64 .

r

Within -

Subjects/Blocks .

Time , 151.14 1 . 151.14 <~ 2.19

Groups x Time 418.02 . 2. -209.01 .  3.02 +

Error - +2487.43 . 36 69.09 . : :

Total 1183.7 - 77 ‘/
oo+ p=.06 - e

, *%% B < 001
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/ S5,
Table 6 . |
] Change in- Relative Calcium Intake
Source 'Ss . df MS F
Between . R
Subjects/Blocks
. Groups | 2686.18 2 1343.09 5,72 **
Error . -8444.95 36 234,58 :
Within '
Subjects/Blocks
Time 27.15 1 27.15 0.26
Groups x Time 97.75, 2 48.87 0.47 \_
Exrror .3706.47 36 102.96
Total 14962.50 77
** p< .01:



© Table 7

Bidaily Calcium Intake‘During Lactation

.

56

ry S e r i
el CANS
h R

Pe

Source Ss df MS F
Between

Subjects/Blocks

Groups 1024.46 1 1024.46 0.91
Errqr 30328.80 27 1123.29

Within .
Subjects/Blocks
Time 3754.33 7 536.33  3.26 **
Groups x Time  2431.98 7 347.43 - 211 *
Error 31100.95 189 ' 164.55

Total 68640.52 231

* ' p< .05

** 5 < .01



g T~ , Sl .
' ‘Table 8 . .
Change in Water Intake - )
| Source SS df MS F
Between o
Subidcts/Blocks -
_Groups 20264.24 2 10132.12° 8,75 *xx
Error | 41690.68 _ 36  1158.07
Within ‘
Subjects/Blocks
Time _ . 2826.14 - 1 2826.14 19,13 wxw
Groups x Time 2317.15 2 1158.57 7.84 Rk
_ Error” 5317.46 36  147.71
Total 72415,67 177
%% p < ,001 ‘
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Table 9

<

Change in Food Intake

-

+
- 3

Source SS df MS F
) Between )

Subjects/Blocks
Groups ©15799.11 2 7899.55 - 56.79 #*x
Error 5007.24 36 139.09
Within
Subsact e /Rlnck o | 1

— DT JETEO7T DIVCKRS .\
Time 13124.04 1 3124.04 72.48 *
Groups x Time 2595.41 2 1297.70 30.1; deok %k
Error 1551.70 36 43.10

. Total 28077.50 77
1‘:’ %% p < 001
— { :
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“ Table. 10 '
) Percent Mother We.tght:. Change Over Lactdtion
4 »n
. B b
Source * _ SS df MS . F
Groups . 342032 2 171.16 © 3.73 *
Error 1652.05. 36 45.89 ~
L e? )
) N R ) I
Total r 1994.37 38 ‘
*p<.0s 0 ﬂ : <
A ®
.J,/
F
‘ d
b4
) —~ )
| 5
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« N
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