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* Abs tract
Body temperature regulation at high ambient temperatures was .{
compared in pregnant and non-pregnant‘female albino rats. At an ambient

temperature of 40°C, pregnant~rats~maintafned Tower body temperatufes

- than non-pregnant rats without added expendituée‘of moisture for evaporative ,

cgoling. This was surpris{ng‘beCadse of the ingreased heat l1oad on the
pregnant animal resulting from a large weight gain gnd increased food
intake. The maintenancg qf Iowék body temperétures in the heat by pregnant
rats was possib]e‘becausé (1) pAegnant rats produce less heat; i.e. consume
less oxygen during exposure to 40°C than do non-pregnant rats and thus

need to dissipate less heat; and {(2) pregnant rat$ have a lower body temp-
erature threshold for increased submaxillary salivary gland output in

the heat, which‘pgkes‘more Qater for evaporative cooling avajTab]elfo

them at‘lowef body\temperatures\', _ _

The maintenance of lower body temperatures in the heat by pregnant
rats sUggesfs that pregﬁ%nt rats have é need or a preference for lower body
temperatures in the heat. The changé,in bady temperature regulation aﬁrjng
pregnancy is likely re}éted to physio]ogicél and anatomical changes in
the body thch ;écompany pregnancy. . Alterations in body temperature
regu]atioﬁto meet the changed physio1pgica105£ate of pregnancy provide

another e&émpie of the body's remarkablé ability to maintain homeostasis.
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Chapter 1

Introduction

Al'

»

Pregnancy presents a unique challenge to.hameostasis in mammals.
The growth’ and development of the maternal orgaﬁs(and products of con-

-

Leption place inCreased,demands on.hghaviora] and physiological regulatory . ‘

. . . . T . . . - - aw
mechanisms. This dissertation is an investigation of how one such regu-

latory system, thgt qf body. temperature regulation, changes to compensate
for the increased demands of pregnancy.

Some of the changes which accompany pregnancy particularly those
of growth and increaséd food intake, would seem likely to place an added
burden on the thermoregu]étony mechanisms involved in heat loss. zpe most
obvious relevant change is the large gain in weight of the motﬁer. In rats,
weight gain ddr%ng pregnancy amount§ to an increase 6f approximately "40%
over non-pregnant {eVels (Brody,. Riggs, Kauffman, and Herring, 1938). This
change in size pro&uces a decrease in the surface to volume ratio which
results in decreased passive heat loss capabilities. fﬁe large increase
in weight during pregnancy wou}g also act to increase the energy require- |
ment, anaﬁ}hus the heat broduction, invo]ved'jn locomotory éctivity (Hytten
and Leitéb, 1964), and, in fact, fhis activi%%;js decreased (Slonaker, 1925;
Wang, 1923). Underlying fﬁe‘]arge gain in weight of the mother rat is
increased foo& intake (Leshner, Siegel, and Collier, 1972; Richter and
Barelare, -1938; Scott, Smith, and Verngy, 1948; Slonaker, 1925). The

increased food intake itself might be expected to increase the heat load

b



on the mother by contributing additional heat of assimilation. As’we]],'
the disproportionate increase in brogein intake during pregnancy (Leshner,
Siegel, and Collier, 1972;fRichter and Barelare, 1938), which has & higher
SDA than carbohydrétes or fats, should likewise increase the pregnant rat's
heat “oad. ‘ *
Other changes occur during pregnancy which might‘also efféct an
altered abj]ity to maintain ‘a balance between heat gain and heat loss.
There are elevated levels of progesterone in the blood during pregnancy g
(e.g., Grota and Eik-Nes, 1967). Progesterone has tﬁermogenic propérties:
(see rev}ew by Rothchild, 1é69); and injection of progesterone has been
shown Eo produce an elevation of body temperature in rats (Niebergs,
Kuppeman, and Greenblatt, 1946;TNiebérgs and Greenblatt, 1948), as well
as in other species (e.g., Israel and Schneller, 1950; Wrenn, Bitman,
and Sykes, 1959). In ad&ition, elevated basal body temperature has been
found during part of pregnancy in humans (see }eview by Rothchild, 1969)
and’ during pseudopregnancy in rats (Niebergs and G}eeanatt, 1948). Unfor-
tunately, there is no available data on the rat which is analagous to the
data on basal body temperature éhanges in humans during pregnancy. How-
ever, the existing evidence suppagrts the possibility that the altered
hormonal state of pregnancy might increase the heat load on the animal. o
The metabolic rate, as measured by oxygden consumption and expressed
in terms of body weight or surface.aFga, has been found to increase in
‘many species during pregnanay (see review by Newton: 1952). The inferred
increased heat production would increase the need for heat loss {f body

temperature were to be maintained. In the rat, however, no sych increase

in metabolism has been observed during pregnancy, (Brody, Riggs, Kauffman, .

4
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‘and Herring, 1938). Perhaps tﬁe drastically reduced activity observed. .
during pregnancy in the rat (S]onaker,.1925; Wang, 1923) acts to offset

any of the possible incrgases ih heat bréduction discussed above and,

as well, to minimize the need for addi.tional food ($1onaker, 1925).

In summan;i there are a number.qgf factors which might affect
thermoregulation during pregnancy. Elevated b]odﬁ\prdgesterone levels,
increased food intake, and increased heat production during exercise could
all act to increase the heat load on the pregnant rat. Decrgasqd surface ‘Qim
to vo]u&e ratio would reduce the rate of passive heat Hoss possibie. -
Decreased activfty might compensate in part for the resultant increasea
heat load, but‘changes in heat loss capabilities might also be expected -
to occur during pregnancy. ' ‘ .

Heat loss in the rat has been extensively studied, though it has
not been explored during pregnancy. Homothermic species appear to have
a characteristic_body temperature s&t ppint around which thermoregulation
occurs gg.g., Myers and Veale, 1970; Myers and Yaksh, 1971). In order

-

for a particﬁlar body temperature to be maintained, heat loss to the environ-
ment must eéual intemal heat production and heat géi& from the environment.
In other words, there are several mechanisms for both heat gain and heat
loss, and thermorequlation represents a balance among these. Heat loss

in the rat occurs passiye1y by vasodi]atation: actively through evaporation
of sgliva %pich rats spread on their skin, and by escape from a hot environ~
ment. When heat gain exceeds heat loss, rats, as wé]]_as other homotherms,
increase the rate of heat loss Sy_vasodilatation, evaporation, or escape.
Similarly, whenever one mechan%sm for heat loss beéomeg less effective, as,

for example, when an animal is placed in a hot enviromment (and its rate
-

)
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of passive‘heat foss thereby decreased), other avenues of heat ‘loss {evap-
oration or escape) become correspondingly more kmportant. In addition, the
burden on the mechanisms of heat loss is lessened by the }act that the
animal can allow its body temperature to -befome somewhat elevated. Thermo-
regulation then continues around this controlled level of hyperthermia. In
the rat, areas regulating heat loss in the central nervous system have been
located in the preoptic area of the anterior hypothalamus (see Hainsworth
and Stricker, 1970, for review). v
| In rats, the long nude tail represents the major site of heat loss
(Grant, 1963; Little and Stoner, 1968; Rand, Burton and Ing, 1965; Stricker
and Hainsworth, 1971). When heat gain exceeds heat loss, reflex Qasodi]atation
occurs at a particular level of hyperthermia (Grant, 1963; Thompson and
Stevenson, 1965), thus maximizing the transfer of heat between the body aqd
the environment. The colonic temperature ;f which vasodilatation occurs has
been referred to as the—body temPerature thresho]d for vasodilatation (Thompson
and Stevenson, 1965). The actual stimuli for vasodilatation are not known,
but they may include such factors as increases in skin temperature, hypo-
thalémic temperature, or deep body temperature. It should be noted that vaso-
dilatation is effect%ve bn]y when body temperature exceeds thé temperature
of thé surrounding\§ubstrate. When fhe reverse is the cése, vasodilatation
is, in fact, counterproductive siggé then it maximizes the flow of heat from
the‘env{ronment into the body. .

When heat loss by radiation is not an adequate means of heat loss
(e.g., when the environment’is too hot to permit a sufficient rate of heat
loss) and escape is impossible, evaporation of wafer must occur in order
for body temperature to be maintained. In the rat, which neijther sweats

nor pants, a copious flow of saliva accompanies elevated body temperatures.

Py
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Rats then groom this saliva onto their fur, concentrating on the ventral

surface (Hainsworth, 1967). The temperature at which the increased sali- -
vation occurs i considered the body temperature threshold for salivation

(Hainsworth and Stricker, 1971). As in the case of vasodilatation, the .

” P ‘

specific stimulus for salivary secretion is unknown.
rd

Two pairs of salivary glands are involved in the rat's response -

»

to hyperthermia. The submaxillary glands preoduce a very hypotonic saliva &Q\‘

&30
v '(’,"}‘ 5 A
and contribute most to the increased salivary flow. The parotid glands L
produce a nearly isotonic fluid and contribute~very-Httle to sa]ivary
evaporation (Hainsworth and Stricker, 1969), which is fortunate since a

loss of isotonic fluid would compromise biood volume and thus would under-
" mine heat transfer from the body core to the periphery via vasodilatation
(Stricker and Hainsworth, 1970). It should be noted that saliva-spreading
is probably an emergency reaction in the ndatural _environment. It is‘vény
wasteful of body fluid and,éun]ike panting or sweating, it cannot be engaged
in while an animal is performing other activities, such as feeding or running

PR T

~away from a preqator: Rodents are more likely to try to avoid heat stress
by staying in a cool burrow and foragirg at night when the temperature

is ysually lower (Bartholemew, 1968; Schmi?t-Nie]séh, 1964) or by using
exogenous water, if if is avai1?b1e, for evaporative cooling (Schmidt-
Nielsen, 1954; Stricker, Everett, and Porter, 1968). Nevertheleés, saliva-
spreading in thg heat has been observed in a number of species (Robinson

and Morri;on, 1957; Schmidt-Nielsen, 1964). More importantiy, it has been
found to be crucial for controlling hype;thennia in rats (Hainsworth, 1967)‘

and many other small mammals (e.d., Higgenbotham and Koon, 1955; Stricker,

Everett, and Porter, 1968) so it is of interest to understand its involvemend
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“in body temperature regulation.
The standard‘experimenta1 method for studying heat loss in the rat
is tb,expose the anina1 to an elevated ambient temperature. This method
decreases the rate of passive heat loss posejb]e, and the elevated body
'temperature which results produees an increase in heat production as well.
In addition, if the ambient temperature is higher tnan body temperature,
heat will be gained from the environment. Hainsworth (1967) has found
that rat; can regulate their body temperatures over a wide range of ele- -

vated ambient ¢emperatures and that the level of regulated hyperthermia

g
T

is a function of the environmental temperature. For example, during exposure
to a temperature of 36°C, both male. and female rats maintained body tempera-
tures which were about 2°C abowve the normal body temperatureftor,rats
(Hainsworth, 1967). However, the way. in which thé male and female rats ‘
achieved this {dentical regulation uas different.\‘Measure;ent of the rates
of evaporative water_ioss at 36°C, as we11 as at other temperatures studted,
showed that males euaporated more water at ambient temperatures up Eo about
40°C (Hainswprth 1968)'- This observation suggeSted that male rats are

mo:e dependent on evaporat1on for body temperature regu]at1on in the heat
than are females. In this regard su?g1ca1Ty desa11vated ma1es were found

to be‘unabTe to regu]ate their temperatures dyr1ng exposure to 36°C, while
desa]1vated females regulated just as we]l as did intact females (Ha1nswerth?
1967). | |

Thé males® greater dependence on saliva for body temperature regu-
lation is probably a result of sex-re]ated differences both in heat loss
capabilities and 1n heat product1on The major thermal wlndow for the rat,

the tail (e:g;, Stricker and Ha1nsworth, 1971), is shorter in males than
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'in females of equal body size (ChevilTard, 1962). In addition, ma]e;E?

-

©

. are more active during heat stress than are females (Hainsworth, 1967).

The smaller radiating surface of the malesy as well as their greater
heat production, makes it necessanyﬁfor them to evaporate more water
inorder to regulate their ‘temperatures at the same level as do females.

The male rats' need for greater evaporation Aisappears at ambient
tgmp?ratures of 40-41°C. During brigf exposure to such temperatures B
males and fema]és have been found to use simiiar amounts of water for
evaporative cooling (Hainsworth, 1968) and to maintain similar body
temperatures over a longer exposure P(‘Ha'ing.yvorth, 1967). At these ‘tempera- q\
tures, the differences in the size of the fai] become:iﬁrelevant to %hermo- %
regu1ationsfecause the rattand the environment are nearly thensame temper%; {;
ture (Hainsworth, 1967): and heat cafinot flow passively from one to the 5
other. In tﬁis regérd, Stricker ‘and ﬁainsworth (1970; 1?71) have found '
that male rats with ampdtated tails and intact male rats evaporate similar
amounts of Qater and maintain similar body temperatures during exposure
to 40°C. |

The striging differences between the .thermoregulation of male and“'—
female rats during heat stress suggest the existente .of sex-related dif-
ferences in the physiological response ﬁq heat stress. For example,, T
similar body temperatu}e regulatign in ﬁa]es aﬁd,fema1es at an ambient
ggmpérature of 36°C wou]d‘séem to require én'uqder]jfng difference in their .
salivary responses to hyperthermia since only ﬁa]es need saliva for body
temperature maintenance at this temperatire (Hainsworth, 1967). In fact,
the body temperature threshold for 5ﬁcreased‘§alivany-f]bw has'beed found

to be lower in males than in females. (Hainsworth and Stricker, 1972). A



para]]e] d1fference has been shown in the body temperature threshoid for

vasod11atat1on (Thompson and Stevenson, 1965), which m1ght be expected

to compensate for the Tower rate of passive heat loss possible to the

shorter—ta11ed ma]es. L
In summary , sex- re]ated differences 1in heat production and passive -

heat loss ab111ty are compensated for by sex-re]ated differences in the

behaviona] and physiological response to elevated ambient temperaturee.

The greater activity of male rats in the he{flanfﬁ; éir relatively smaller am

radiating furfaces make them more dependent on evaporative cooling for R

EA

body temperature regulation during heat stress. This need is met phys-

it et

.
ik
L

iologically, by the males' lowep body temperature thresho]de‘for vaso-
dilatation and increased salivation, and behaviora11y, by their more
efficient use of saliva for evaporative cooling. '

Some of the differences between pregnant and non-pregnant female
rats present an interesting analogy to the differences between male and
fema]e rats’ d1scussed above. For example, the tails of pregnant rats are
,shorter, relat1ve to body size, than are the tails of non—pregnant
females, -resulting in a smaller radiating surface (Appendix 'I). This d1f—
ference wou]d decrease the rate of passive heat 1loss (relat1ve to heat pro-
_duction) posg]pTe to the pregnant rat. While pregnant rats are less act1ye
than non-pregnant rats, at lea;t at nprmal room femperatures (Slonaker,,
1925; nang, 19?3), their increased food intake (e.g., Leshner, Siegel, and
Collier, 19725,and elévated blood progesterone tevels (e.g., Gpota;and
Eik-Nes, ]967) might 1ncrease their heaf producpjon-reiapive to.that ofi

non pregnant females. ‘As in maTes, the .Jowered passive heat loss capability

and increased heat production of pregnant rats might 1ncrease thelr
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dependence on escape from a hot environmenf 6r on evaporat{we coeling
for body tempeféture regulation In this regard, it is interesting that.
pregnant rats have been found to choose a cooler part of a thermal
gradient than non- pregnant rats (Ge11neo and Gelineo, 1952) This miﬁht -
compensate for the pregnant rat's decrease in rate of passive heat loss

(re1gt?ve to heat:production) by increasing the rate of heat Tox, possible.

Furthermore, pregnant rats have been found by Roth and Rosenblatt (1967)

and the present author (Appehdix 1V) to increase their self-licking of - \
nude or less densly furred areas (genital area,,pe]vié qréa,ahd'nipp1e
lines) relative to more densely furred areas (head, paws, back). This X
change in grooming would Concentrate moisture ‘on areas from which evaporat1or?
would cool more effectively and is reminiscent of&the male rats' concen- ¥
tration of saliva-spreadifig on the scrotum and base of the tail. |

The altered pattern of grooming during pregnancy has not previously |
been related to thermoregulatory behavior. Birch (1956) suggested that

the apparent increase in licking of the genital area during pregnancy

“reflected the fact that the salt appetite of pregnancy (Barelare and

Richter, 1938; Scott, Sm{th, and Verney, 1945) made the vaginal secretions
and urine more attractive to the pregnant rat. He further suggested '
that tﬁis licking behavior -prepared her to clean the young as they were
born and to inhibit bif%ng the pups, since Preventién of licking ‘during
pregnancy resulted-ih tﬁé,mothers destroying or ignoring their littérs
after birth (Birch, 1956). Subsequent experimenters (Chr1stophersen and .

Wagman, 1535 Kirby and Horvath, 1968), however, found that prevention

of g%ooming during pregnancy had no effect on survival rates of young or

L4

on litter weights at .weaning.

[
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A]ternatiyely, Roth and Rosenb]atf'(1967) have suggested that the
shift in eelf—licking orjentation during pregnancy resulted from increased
per¥phera1 stimulation from abdominal distension, enlarged and tender
nipples, and vaginal swelling and leakage. Furthermore, they showed that
se??fﬁécking was necessery in order fdrithe mammary glands to‘deve]op ’
normally dunfng pregnancy, (ﬁoth and Rosenblatt, 1968), a finding cnnfirmed
.by McMurty and Anderson (1971). However, as was menpioned above, these
. impairments did not affect the rat's abil{ty to care for her youné (Chris-
tophereen and Wagman,-1965; Kirby and Horvath, 1968).

Increased salt appetite (Bare]are~and Richter, 1948; Scott, Smith
and Verney, 1948)'qn altered stimu]us‘jnput from the genital, nipple,
and pelvic areas (Rofh and Rosenblatt, 19675‘m1ght be important in pro-
ducing the shift in self-licking or%entation.ddring preghancy. However,
an alternative account of the altered pattern of self-licking seen during
. pregnancy seems possible. The alterations in patpern of;grooming are most
pronounced during the latter half of‘pregnanqy. At this time, there are
large increases in ‘weight (Brody, Riggs., Kaufﬂnan; and Herring, 1338) wi th-
out any 1ncrease in the s1ze of ’ the tail (Append1x I) .This would be
11ke1y to make passive heat loss more d1ff1cu1t and increase the need for
evaporat1ye cooling. Since grooming is an integral part~9f heat 1qss in
the fat the change§ in se]f—?icking observed during pregnancy night,
'at"Teast in part, represent thermoregulatory behav1or Accordﬁng]y, the4
present ser1es of exper1ments examined heat 1053 and heat production during

heat stress in pregnant and’ npn-pregnant ratst
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Chapter 2 - ,

Body Teﬁperature Regulqtion and Evaporative Water Loss ip Pregnant d4nd

Non-ﬁregpant Rats During Heat Stress

?

; émmrﬂmnt]

. -,

.2

intake, énd hormonal bai@ncé during pregnancy might tend to incrggse A
hgat production in the rat. Decreased surface to volume ratio (Appéﬁd$x
1) would reduce the effectiveness of radiétion ag a heat loss methanism
in the‘bregnant rat. This would cofﬁespending1y\increase thg importgnce
of other avenues of heat loss. For example, the altered pattern of
grooming in p;egnant rats (Appendix IV; Roth and Rosenblatt, 1967) might
be indicative 6f greater need for evaporé%ive cooling in pregnant rats.
To determine whether changes occur in thermoregulation in thg heat during
prégnancy, the following series of experiments hompared body temberature
1 regu]gtion.and evapbrative water 1oss in pregnant and non-pregnant rats
i during exposure to a wi de range of '‘elevated ambient temperatures.
. Yethod )
Subjects were virgin and pregnant primiparous (days 17-22 of breg—
,nancy) Spraéue-Daw1ey female 'rats. They were housed individually at an
ambient temperature of 22-27°C with food (Purina rat chow pellets) and
water available ad 1ibitum, except during experimental measurements, The
T cages were kept in a room with large windows, and_the light cyc]e’cor—

responded to the normal one in Pittsburgh, Pgnnsy1vanié‘for the part of thée

e

S , : 1

7 T gt

As indicated in the ihtroductory chapter, changes i n size, food 5.
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year during which the experiments were run (June to December). Statistical
significance of results was established using a Mann-whitney U-test (two-

tailed).

Part 1: Body Temperature Regulation in the Heat

To compare body temperature regu]ation,ih pregnant and non-pregnant-

»

subjects, 5 pregnant and 5 non-pregnant rats were exposed to each of four

;. ambient temperatures (32, 36, 40, and 44°C) fBr a period of 4 hrs. During

the exposure, subjects were housed individually, without food or water, in .

preheated metal cages (24 X 20 X 18 cm) which were kept in an incubator

- (Hotpack) set to maintain a particular temperature + 0.5°C. After each

Rm—

1/2 hr. of exposure, each subject was briefly removed from the incubator

and her body temperature measured to the nearest 0.1°C with a te]etheré
ﬁometer probe {Yellow Springs Instrument Co., Inc.) inserted approximately

5 cm. beyond the anal orifice. In addition, body temperature was detenninqd
just before ihe beginning of heat stress and just after its conc1u§ion. When-
ever body temperature wa; measured, subjective evaluations were made as

£0 how‘wet'each subject appeared. Rats were studied no more frequently

than every two days.
{

Part 2: Evaporative Water Loss in the Heat

Evaporative water loss was measured at ambient temperatures between
< A .

. 24 and 44°C in seven non-pregnant and five pregnant raté. The apparatus

2

for measuring evaporative water loss was similar to that used by Hainsworth

(1968). It consisted of an air-tight, cylindrical plexiglas chamer (d=15 cm.,

*h=22 cm.) with a wire mesh floor (4 cm. above the base of the chamber)

" beneath which minéra] 0il was placed to a depth of 2 cm. to trap feces‘and

L8

s urine and prevent their evaporation. The chamber was ventilated by passing



" outfTow tubing for 15 min

>
=

=,

; témperature for each run. ‘After 15 min

13

t

dry compressed air at a rate of 4.5 1./min. through a drying tube (1.5 X

15 cm.) filled w1th‘8nhydrous CaS04 (Drierite*) and then through, coﬁ]ed

copper tubing into the experimental chamber. ﬂﬁe a1r entered th;gugh holes

around the circumference near the mesh floor of the p]ex1gJas chamber and

exited through on%)arm of a "Y" of plastic tubing attached to a hole in

the 1id of the chamber. The flow rate used provided complete flushing of

the chamber about 1.4 times/min. !

To measure water logs, three pre-weighed tubes of Drierjte* were

connected in series to the tubing through which the air exited. Buring

experimental runs, the entire apparatus, except for the cylinder of com-
pressed air and the first drying tube, was placed in an incubator (Hotpack)

heated to a particular temperature (See Figure 1, Hainsworch 1968). The

temperature inside the plex1g1as chamber was monitored with a telether-
mometer probe (Ye??ow Springs Instrument Co., Inc.) inserted through the
other am of the "Y“Lof tubing attached to the chamber 1id and connected

to-a second YSI temperature meter.

To determine evaporative water loss at a particular ambient temp-

erature, a subject was removed from its home cage, handled to induce urination

and defecation, weighed to, the nearest g., and placed in the chamber which

had been preheated to a particular temperature i_0.5°C\\\The chamber was

3

e

immediately sealed, replaced in the incubator, .and connected to the air supply.

After 22 win., the three pre-weighed drying tubes were connected.to. the air
. to collect moisture from the air which was

passing through the chamber. During this time, -the chamber temperature

was measured three times and .these values averaged to determine the ambient

. the tubes were diéconnected;

i and the anima) was removed from the chamber, veweighed, and

{
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replaced in its home cage. The three drying tubes—were allowed to cool
to room temperature and then were weighed to ‘he nearest 0.1 mg. The. &
initial values were subtracted from these new values and differences were
summed for each subject, multiplied by four (to obtain evaporative water
loss pér hr. in each subject, and divided by the mean of the before and
after body weights to obtain the rate. of evaporative water loss in mg; of
water per g. of body weight per hr.). Data were disﬁarded whenever feces

1 were found not trapped beneath the mineral oil.

Part 3: Evaporative Water Loss and Body

Temperature Regulation at 40°C . '

Four non-pregnant and four pregnant rats were exposed to an ambient
temperature of 40 + 0.5°C for 4 hrs.” Body temperature was measured before
the beginning of exposure and after each 1/2 hr. of exposure as in Part
1. Every 30 min. subjects were alternately placed in the incubator in
metal cageé as in Part 1 or in the apparatus described ?bove for measure-
ment of water lost by evaporation during the last 15 min. of each period.

: Subjects were weigﬁed every 1/2 hr. and the rate of evaporative water loss
was calculated as in Part 2 %or each subject at the end of each hr, of

E exposure. ‘

: Results

X Part 1: éody Temperature Regulation in the Heat

There were no significant differ%pces in body temperature of preg-'
. nant and non-pfegnant rats during exposure to an ambient temperature of}k
;.32°C (Fig. 1; all.p's > 0.05). However, at tﬁis temperaturé; pregnant

E rats appeared slightly wet on their ventra]ssurfaces, while non-p}ggnaﬁt

subjects were completely dry througﬁout the 4 hr. expos&re._ In contrast,
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Figure 1 4
. ) -

Median body temperatures of pregnant and non-pregnant rats exposed

to 32°C for.4 hrs. (both n's = 5).
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——-~"at 36°C, pregnant rats maintained significantly Tower body temperatures
than ndn-pregnant rats (Fig. 2; all p's < 0.05) uétil the last measurement.
In addition, pregnaﬁt sﬁbjects had wet paws, dripping chins, and large wet
areas -on their ventral surfaces after the first hour of exposure, wﬁile
noh;pregnant subjects remained dry. Duning exposure to 40°C, pregnant
rats consistently maintained lower body temperatures than non-pregnant
subjects (Fig; 3; all p/s < 0.008), and bofy groups appeared equally wet.
At 44°C, one of the non-pregnant subjects became hyperactive and was
removed after the first 1/2 h;. to prevent developmént of fatal hyper-
thermia, and the remaining subjects were. heat-stressed for only 2-1/2 hrs.
because their bqdy températures were rising rapidly.- During exposure to
this temperature, pregnant rats generally maintained significantly lower
body temperatures tham non-pregnant rats -(Fig..4; p = .016 at 1/2, 1, 2
hrs; p > 0.05 at 1 5/2 and 2 1/2_hrs). No difference in ventral surface *

wetness was apparent with both groups beiﬂg soaking wet, ‘

Part 2: Evaporative Water Loss in the Heat

Rates of evaporative water loss for non-pregnant and pregnant

°

rats are shown in Fig. 5.
In the pregnant rats, the rate of evaporative water loss began
' to increase from a stable baseline level as a function of increasing

temperature at environmental tempgratuyes above 30°C. In the non-pregnant
r;ts, such an increase was not apparent until ambient temperatures above
36°C were used. Accordingly, regresﬁion lines (Fig. 5) were calculated
for evaporative water 105&\rates at ambient temperatures.above 30°C for
pregnant subjects and above 36°C for non-pregnant subjects. Inspection

of Fig. 5 revedis thatlpregnant rats had higher rates of evaporative water

N . -
3
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Figure 2

18

Body temperatures of pregnant and non-pregnant rats exposed to

36°C for 4 hrs. (both n's = 5).
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Figure "3

Body témber‘atur‘es of pregnanmt and non-pregnant rats exposed to

40°C for 4 hrs. (both n's = 5},
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Figure 4

Body temperatures of pregnant (n =-5) and non-pregnant {(n = 4)

rats exposed to 44°C for 2 1/2 hrs,
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Figure 5

Evaporative water loss (mg. X g.'T X hr.”1) as a functién of
ambient temperature in pregnant and non-pregnant rats; regression line
equations: log Y = 0.0427X - 0.7763, Sxy = + 0.1449 (pregnant); log Y =
0.0752X - 2.2437, Sxy = + 0.1542 (non-pregnant).
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loss during exposure to ambient temperatnres between about 30 and 42°C
(p'= 0.018). A comparison of the slopes of the two regression lines
(Walker and Lev, 1953) did not show any significant difference between

.
~

them (p » 0.1).

Part 3: Body Temperature Regulation and Evaporative

- . _ Water Loss at 40°C

Theré were no significant’ d1ffenences1r1 rate of evaporative
water 1oss between non- pregnant and pregnant subjects at any tlme dur1ng P
the 4 hrs. of exposure (Fig. 6; p's > O. 30) However, at each point of %
measurement during the 4 hrs. of exposure, pregnant rats had significantly
lower body temperatures than did non—pregnant rats (Fig. 7; p's = 0:028).

Discussion

El

,‘Tne results of this.experiment suggest that there are some striking
chagges in body temperature regulation during pregnancy in the rat..

/ ) ,
{ During exposure to an ambient temperature of 3 °C, both groups

maintained simiaar body temperatures, but pregnant rats were begjnning to
increase evaporative water loss at 32°C. At 36°C, pregnant rats maintained
lower body temperatures than non- pregnant rats by liberal use of saliva

for evaporative cooling. These f1nd1ngs suggest that there must be a
change in the body temperature threshold for increased salivary flow during
pregnancy since the pregnant rats with lower temperatures produced copious
amounts of saliva while non-pregnant rats with higher temperatures did

not. In this regard, the regulated hyperthermia of the pregnant rats,

even at 40°C, was below the body temperature threshold for sa]?vation

reported previously for non—pregnant female rats (Hainsworth and Stricker,

1972). The results of exposure to 32°C and, 36°C also suggest that evaporative

¢



) Figure 6

Rates of evaporative water loss at the end of each of 4 hrs.

P

of exposure to 40°C in pregnant and non-pregnant rats (both n's = 4).

27
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Figure 7

Body temperatures of pregnant and non-pregnant rats exposed
to 40°C for 4 hrs. (both n's = 4).
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water loss is greater at th?se temperatures during pregnancy and may
be of increased importance in body temperature regulation at this time.
These possibilities will be investigated in Chapter 3.

A : Other changes in heat loss may occur as well durng pregnancy.
At 40°C and 44°C, pregnant rats consistently. maintained Tower body temp-
eratures than non—pregnaﬁt rats even though there did not appear to be
any difference in the wetness of the Ewo groups. Furthermore, measure-
ment of evaporative water loss over a 4 hr. exposure to 40°C clearly
revealed that pregnant rats did not require increased evaporation to
maintain lower body temperatures than non-pregnant‘rats. The maintenance
of lower body temperatures by pregnant rats in the heat without added .
water loss was surprising in light of the initial expectation qf impaired
thermoregulation by pregnant rats in the heat, ané this finding suggests
that changes in passive heat loss may occur during pregnancy or that
evaporative cooling may be more efficient in pregnant subjects. As well,
the maintenance of lower body temperatures without apparent increases
in evaporatgon by pregnant rats exposed to 40 or 44°C might suggest lowered
hea£ production at these temperatures instead of .or in addition to improved

heat loss ability. These possibilities will be explored in Chapter 4.
] 5 .



Chapter 3

Changes -in the Function and Importance of the Salivary Glands as

Thermoregulatory Effectoys During Pregnancy in the Rat

Experiment 2

Differences in body temperature regulation and evaporative water
loss in Experiment 1 suggested that the body temperature threshold for
ingreased salivary flow is lower during pregnancy. As well, the results
of Experiment 1 suggested tﬁat the salivary secretions may be of increased
importance in thermoregulation during pregnancy. Part 1 of the preéent
experiment compared salivary thresholds in pregnant and non-pregnant rats,
and Part 2 compared body temperature regulation in pregnant and non-pregnant,
intact and de§a1ivated rats.

Subjects, housing conditions, and statistical procedures were as

in Experiment 1.

Part 1: Body Temperature Thresholds for Increased Saliyation in

Pregnant and Non-pregnant Rats

The body temperature threshold for increased salivary flow during
heat stress was determined in intact pregnant (n=6) and non-pregnant (n=5)
. rats and in partially desalivated pregnant (n=10) and non-pregnant {n=10)
rats.

Five non-pregnant and five pregnang'rats had their parotid ducts
ligated and cut and could thus secrete only submaxillary saliva. Five

31
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non-pregnant ‘and five pregnant rats had their submaxillary g]and§ removed
and could thus secrete enly parotid saliva. Subjects were surgically
desalivated under ether anesthesia through a midline incision in the
ventral surface of the neck, The ducts and blood vesseis of the sub-
maxillary and sublingual glands were ligated and the glands excised in
their common sheath. (The sublingual glands do not appear to pla} a role
in thermoregulation in the rat (Elmer and Ohlin, 1970)). The ducts of
the parot{d gland were located where they ﬁassed over the masseter muscles, K
dissected away from the facial nerve, ligated twice, about 3 mm. apart,
and cut between the ligations. The incisions were sutured and the rats
allowed to recover for at lTeast 7 days before testing. The operations
were performed on Qéy 12 of pregnancy for pregnant subjects, and all subjects
were given water-soaked Purina rat chow pellets in addition to dry food
and water during recovery to faci]ita%e feeding and body weight maintenance.
Measurement of body temperature thresholds for increased salivation
took place in an environmental room (39 + 0.5°C) with subjects placed
individua1iy, without food or water, jn a circular wire mesh (1/2 in.) cage
(d. = 12 in., h. = 15 in.) supported by three 3 in. feet and having a
wooden 1id. All subjects were deprived of food for 3-4 hrs. prior to
testing to minimize contamination of saliva samples with food particles.
Saliva was collected with a pipette (1 mm. bore) by repeated aspiration
from the subject's mouth and 1mmed1ate1y placed in a graduated centrifuge
‘tube (15 cc.) covered with Paraf11m* and located in an ice bath to prevent
evaporatign. {Subjects were discouraged from saliva-spreading by gently
blowing on them whenever they initiated grooming.) When a sample of 0.4

to 0.5 cc. had been collected, the subject's body temperature was measured
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’

as in earlier experiments, and this témperature was considered the body
temperature threshold for increased salivation. In addition, the time to
collect the sample was recorded to give an indication of salivary flow
rate. Saliva samp]es were frozen for subsequent analysis of Nat and Kt
content by flame photometry (Model 143, Instrumentation. Laboratory, Inc.}.

Part 2: Body Temperature Regulation in Intact and

Desalivated Pregnant and Non-pregnant Rats

g §ive non-pregnant subjects and five pregnant females (on day 10 of

pregnancy) were totally desalivated using the surgicaﬁ procedures described B
in Part 1. Subjects weré allowed to recover for at least-7 days before
testing. The success of the operations was ascertained behavipra]]y from
the subjects' adoption of a prandial style of drinking and greatly increased
food waste (Epstein, Spector, Samman, and Goldblum, 1964).

The recovered desalivated pregnant and non-pregnant rats were
exposed to an ambient temperature of 36°C for 4 hrs. while housed individually
without food or water, in preheated metal cages (24 X 20 X 18 cm,) which
were kept in an incubator (Hotpack) set to maintain 36 % .5°C. After each
1/2 hr. of exposure, each subject was briefly removed from the incubator
and her body temperature measured to the nearest 0.1°C with the probe
inserted approximately 5 cm,”beyond the anal”orofice. In addition, body
temperature was defermined before the beginning of exposure. Whenever
body temperature was measured, subjective evaluations were made as to how
wet each sdbject appeared. These data we;e compared with the records of
the intact pregnant and non-pregnant rats (both n's = 5) exposed@ﬁnder the

\ same conditions to 36°C in Experiment 1, Part 1.
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Results

Part 1: Body Temperature Thresholds for Increased Sa]%vation

" in_Pregnant and Non-pregnant Rats

Body temperature thresholds for increased.éaﬁivary flow, the time

to collect the samples (flow rates) and the Na* and K* content of the

»

samples for intact pregnant and non-pregnant rats are presented in Table

1. The salivary threshold was much Tower 1in the'pkegnant rats in comparison
to the non-pregnant rats (p = 0.004), Pregnant rats had significantly B
faster flow rates than non- pregnant rats (p 0.004), i.e., it took less

time to collect the samples from the pregnant subjects. There were no

differencgs in salivary Nat (p > 0.50) or Kt (p > 0.10) content.

+ Body temperature thresholds, sample collection times (flow rates),
and salivary Nat and k* concentrations for partia11y‘aésa1ivated pregnant
and non-pregnant rats are presented in Table ZT Both the body temperature
threshold and the collection time were significantly lower in the pregnant-
parptin-desa1ivated rats when coﬁpared to the non—pregnant-parqtid-desalnvated
rats‘(p's = 0.008). There was no significant difference in Na' content of

the submaxillary sé]iva collected from the non-pregnant and pfegnant-

. parot1d desalivated subJects (p > 0.50), but the submax111ary saliva of the

pregnant subgects was s1gn1f1cantly 10wer in K* (p 0. 016)

Non -prégnant and pregnant submax1]1ahy desalivated subJects did
not differ from one anqtﬁer either in body temperature threshold or collection
time for panbt{d sn]id@ (p’'s > 0.05). Howevg}. tnplparotid saliva secreted
by the pregnant—supmani1lary—desalivatéd rats was 1%wer in Nat (p = 0.008)
and higher in Kt content {(p = 0. 0(6) .than that secreted by the non- pregnant-

submax!11ary-desa11vated subjects.
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TABLE 1

Median values and ranges (in parentheses) for the body temperature

threshold for inp¥éased salivary flow, sample collection times, and

ga]ivény Nat and K* concentrations in intact non-pregnant (n = 5) and

pregnant rats (n

Body Temperature
Threshold (°C)

.Collection Time

(min.)

Na+
(mEq/1.)

K+

(mEq/1.)

Non-Pregnant Rats -

39.5
(39.3-39.7)

25.0
(15.5-38.0)

7.0
(4.5-8.5)

50.0
(48.0-54.0)

N

Pregnant Rats .

37.8

(37.4-38.7)

11.0
(8.0-13.0)

. 6.2
" (3.5-9.0)

46.0
(36.0-51.0)

35
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TABLE 2

9

Median values and ranges (in parentheses) for body temperature thresholds for increased

salivary flow, sample collection times, and salivary Nat and K™ concentrations in partially o

desalivated :o:-v«mm:msﬂ and pregnant rats secreting only submaxillary saliva (non-pregnant

and vxmm:mzﬂ-cm«Oﬁda-ammmﬁ*<mnmav or only parotid saliva {non-pregnant and pregnant sub-

maxillary desalivated) (all n's = 5},

N

Non-pregnant- Pregnant- . Non-pregnant- Pregnant-
Parotid- Parotid- Submaxillary- Submaxillary-
desalivated desalivated . desalivated. desalivated
Body Temperature 39.4 38.3  39.4 : 39.6
Threshold (°C) (39.3-40.0) . (37.6-38.9) (39.3-39.8) (39.3-40.5)
Collection Time 41.0 11.0 3.0 - 37.0
(min.) - ¥ (31.0-43.0) (4.0-16.0) (27.0-59.0) (30.0-49.0)
Nat 6.0 . 6.5 100.5 76.0 .
(mEq/1.) - (4.0-7.0) (4.5-7.5) (85.0-110.0) (65.0-89,0)
N t\ . T~
Y 486 37.0 42.0 60.0
(mEq/1.) (43.0-55.0). (33.0-44.0) (33.0-47.0) (45.0-71.0

Y

R

v
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Part 2: Body Temperature Regulation in Intact and

Desalivated Pregnant and Non-pregnant Rats

As shown in F¥y, 8, therewereno differences in body temperature
between intact and desalivated non-pregnaﬁt rats (p's >_0.06) guring the
first hr. of exposure. After that,:however, the body temperatures of
desalivated rats were somewﬁggxhigher (p's < 0;64), although they never-
theless regulated their temperatures quite well. Both groupé appeared
quite dry throughoﬁt the exposure. ]

In contrast, desa]ivateq pregnant rats showed much higher body

temperatures for the first 2 1/2 hrs. than did the intact pregnant rats

" (p's < 0.02). Furthermore, three of the desalivated pregnant rats had

to be removed from the .incubator priq: to the end of exposure (when body
temperatures equal]ea 41.0, 41.4, and 41.7°C) to prevent possibly fatal
hyberthermia. Interestingly, bo£h pregnant groups appeared wet duriﬁg

the session, but testing with bH paper revealed that the.moisture on the
intact pregnant rats was bas{c (3pd therefore saliva) (Haipsworth_and
Epstein, 1966) while that on the desalivated pregnant rats was acidic

(and therefore urine, which the desalivated pregnant rats had groomed onto

their fur).

The intact pfegnant rats showed initially Tower regulated levels

‘of hyperthermia in comparison to the intact non-pregnant rats (p's < 0.04

for the first 3 hrs.; p's > 0.05 thereafter), as seen previously (Fig. 2).
Desalivated pregnant and non-pregnant subjects shpwed similar body

temperatures for the first 2 1/2 hrs., bﬁt four of the five pregnant rats

subsequently reached body temperatures > 41.0°C within 4 hrs. whereas only

one of five non-pregnant rats did. ’

"

St



Figure 8
Body temperatures of desalivated pregnant and non-pregnant

rats and median body temperatures of intact pregnant and non-pregnant

raty exposed to 36°C for 4 hrs. (al1 n's = 5).
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Discussion

As expected, the body temperdture threshold for increased salivary
flow was much‘lower in pregnant than in non-pregnant rats. In addition,
the rate of salivary flow, once hyperthermia-induced salivation began, was
much faster in the pregngpt subjects (i.e., it took less time to collect
the samples).

These changes in sa]ivdry function occurred only in the submaxillary
glands, and ﬁgt also in the parotid glands, cltearly showing that only the
submaxillary giands participate in the drop in body temperature threshold
for increased salivation and the increased flow rate seen during pregnancy. .

\ i
Further confirmation of this comes from a comparison of the Na¥ concen-

trations of saliva samp]es’from intact non-pregnant subjects with those of
non-pregnant and pregnant parotid desalivated subjeéts which reveals that
the samples obtained from infact rats c1eaf1y contained only submaxi11a¥y
saliva. In this regard, it is interesting that only the threshold for‘sub-
maxillary salivation, and not that for‘parotid secretion, is lower in .males
than in females (Hainsworth and Stricker, 1972).

It {s indeed fortunate that the body temperature threshold for
increased salivation is lower during pregnancy since pregnant rats are
‘clequy more dependent than non-pregnant rats on evaporative coo]ing for
body temperature regulation during heat stress. Intact pregnant rats
use copious émounts of saliva during heat ;tress, and desa1ivatea pregnant
subjects candgt regulate their température; effectively enough via vaso-
d{latation to withstand 4 hrs. of éxposure to an ambient temperaturg of
36°C. If they had not been able to use their urine for evaporative cooling,
they presuhab]y would not have been able to tolerate the exposure for as

v

long as. they did.

(
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While the need for altered salivary function durjfig pregnancy is
clear, the underlying basis for this change is unknown. Morphological or
_ histological changes might occur during pregnancy which might alter glén&u]ar
function. Such changes might be controlied by one or moré of the hormonal
changes accompanying pregnancy. In this regard, the submaxi]]afy gland
of adult male rats is %e]atively heavier and has larger diameter tubules.
than that of females.  This sexual dimorphism has been shown to be under
the contro] of gonadal and thyro1d hormones (see review by Leeson, 1967). N
Similarly, male rats have a higher salivary flow rate than females, which

probably reflects their larger gland size (see review by Schneyer and

s

Schneyer, 1967). Pregnant females, however, have smaller submaxillary %g
glands, relafive?y to body sfzgjdzaan do non-pregnant females (Appendix II)..L
Thus, changes in gland size are unlikely to be important in the fchanges in
threshold and flow rate observed in the present experimeht.

| ) Atternatively, changés in body fluid composition duri pregnancy-
might be involved. Burger (1967) has suggested that increased plasma Kt

is Ehe only change in blood composition which produces an increase in the
maximum salivary secretion rate. During pregnancy, rats were found to

have increased levels of plasma K* (Appendix III) which might have accounted
for their higher saTivdry flow rates. Whether the increases in plasma volume
(Appendix III; Brown énd Pike, 1960; Weir, Painten, Brown, Fraser, Lever,
Robertson, and Young, 1971) and total body water (Hytten,thompson, and
Taggart,l&966)(characteristic of ﬁrégnancy are important is an empirical
question. Unfortunately the effects of‘intrace)1u1ar,or intravascq]ar

overhydration on salivary function are not well understood. However, Holmes

(1964) has found“anslight increase in salivar& Secretion as a result of

C
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water ingéstion and a large increase in salivary flow as a!resu]t of
intravenous injection of isotonic dextrose in water. In thtrast,
intréce11u1ar and intravascular dehydration have been quﬁd to reduce
salivary output in the heat (Adolph, 1947; Stricker and Aainsworth, 1970)
and under normal environment conditions (Holmes, 1964).;

The ;ubmaxi11ary glands are acEjvated during'héat stress by the
chorda tympani nerve (Stricker and Hainsworth, 1970).‘\The1r the rmoregu-
latory response is controlled centrally by areas in the\rostra1 portion
of the medulla, the lateral hypotha1amus, and u1t1mate1;\ the preoptic [
area of the anterior hypothalamus (Stricker and Ha1nsworth 18970). Whether
neurophysiological changes occur during pregnancy which mmght affect the
submaxillary glands is not known. \

Further investigation is clearly neceéssary to detérmine the basis
for the striking alterations in salivary function in the raﬂ during late

§
pregnancy. Whatever their origin, however, the decreased body temperature

. threshold for increased salivary flow and the increased flow kates provide

admirably for the pregnant rat's greater dependence on evaporgkive cooling

for body temperature regulation during heat stress. Furthenno;e thé rapidity
of the salivary reSponse to heat stress in the pregnant rats wod1d seem

to p]ace some restr1ct10ns on the possible stimuli for sa11vat10ﬁ in the .
heat. Copious salivary flow was noted in many of the pregnant suQJects

within less than 1 min. of exposure to'a temperature of 40°C. Thus, a

rise in the temperature of the skin or of the inspired air, for example,

would be likely to be a more importaﬁt stimulus for increased sa]ivagion,

.at least for prégnant rats, than would a rise in core temperature. B}

-



* Chapter 4
Rehavioral and Physiological Changes in Heat Loss and
Heat Production in the Pregnant Rat During

Heat Stress

Experiment 3

In Experiment 1, Part 3, pregnant rats maintained much lower
bodylfemperatures than non-pregnant rats without added evaporation during
a 4 hr. exposure to an ambien{_temperature of 40°C. Since, at this temp-
erature, essentially all heat Toss occurs by evaporation (see Hainsworth,
1967), the pregnant rats.miéht have been using available moisture more
effectively to dissipate heat. In this regard, inecreased blood flow to
the skin, spontaneous remission of Raynaﬁd's Disease, and-changes in vaso-
dilatation. have been observed during pregnancy in humans (Hytten and Leitch,
1964). As well, progesterone injection has been found to lower the body
température th:gsho1d for vasodilatation in female rats (Thompson and
"Stevenson, 1965). A similar change in vasodilatation threshold during
pregnancy would bring blood to the periphery to be cooled by evaporation
at a lower body temperatﬁ;e. ﬁowever, comparison Sf the‘body temperature
threshold for vasodilatation in pregnant and non-preéqaﬁt rats revealed
that there was no change in vasodilatation threshold duriné pregnancy
(Appeﬁnd‘ix V). | F
Alternatively, énothe; 5regnancy—fe]ated change which might contribut

M

to more efficient evaporative cooling is the altered fur distribution ,
43
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characteristic of pregnancy. Inspection of the ventral surface of the
pregnant rat, where saliva-spreading during heat stress is concent%ated,
reveals that the nipples are enlarged and‘their bases bare of fur. Further-
more, uterine distension has made the enlarged abdomen appear more sparsely
furred, and the nude genital area is somewhat enlarged. Such changes in
fur distribution might be expected to increase the effectiveness of
evaporation in pregnant rats since more water would be evaporated from

skin instead of fur (see Schmidt-Nielsen, 1964). In Part 1 of the present
experiment, these changes in fur distribution were exaggeratedin non-
pregnant rats by shaving their ventral surfaces and comparing their body
temperature regulation at 40°C with that of pregnant rats.

The ability of pregnant rats to maintain lower regulated levels of
hyperthermia than non-pregnant rats, without added evaporétion, might also
reflect a lower r;te of heat production during heat stress.' If pregnant
subjects produced less heat to start with during exposure to elevated
ambient femperatures, they would haQe 1e§§ heat to dissipate so that‘
evaporation of water in amounts similar totthose of noﬁ—pregnant rats
would permit maintenance of lower body temperatures. Part 2 of this experi-
ment compared heat production as measured by oxygen consumption in pregnant
and non-pregnant rats_exposed to elevated ambient temperatures. Part 3
measured activity of pregnant and noﬁ—pfegnant rats during heat stress
since activity is a source of heat production and since pregnant rats at
room temperatures have been showﬁ to be far‘less active than non-pregnant

rats at room temperatures {Slonaker, 1925; Wang, 1923).

)



Method

Subjects, housing conditions, and statistical procedures were

as in Experiment 1.

Part 1: Body Temperature Regulation by Shaved and

Unshaved Rats During Heat Stress

The characteristic sparser ventral surface fur of pregnant rats
was exéggerated'in five non-pregnant rats by shaving off a]{ of their
ventral surface fur while they were lightly anesthetized with ether.
Three daxs 1atgr, they were exposed, without food or water, to 40 +.0.5°C i
for 4 hrs. in individual metal cages (24 X 20 X 18 cm.) housed in an
incubator (Hotpack). Their body temperatures were measuréd before the
beginning of exposure and every i/Z hr. during exposure as in Experiment 1.
This data was compared with that of the fjve pregnant rats and the five
non-pregnant rats exposed to 40°C in Experiment 1, Part 1.

’
Part 2: Oxygen Consumption of Pregnant and

Non-pregnant Rats During Heat Stress *

Seven pregnant rats and seven non-pregnant rats were used. To
measure oxygen consumption, subjects were placed in a cylindrical glass
chamber (h. = 12 in., dl = 9 in.) without food or water. The chamber was
placed in an incubator (+ 1.0°C, Hotpack) which was heated to an ambient
temperature.between 25 and 40°C. Compressed air was passed through tubes
containing Drierite*, then through coiled copper tubing in the incubator
and into the chamber at a flow rate of 1550 cc/min. From the chamber, the
a{r again f]owgd through Drierite* and then passed through a paramagnetic
"oxygen analyzer (Beckman F-3, accuracy + 0.2 percent O,) which was con-

nected of a Heath servorecorder and which constantly recorded oxygen

T .
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concentration of the effluent air. The chamber temperature was con-
tinuously monitored by a copper-constanan thermocouple and recorded
(Speédomax H, Leeds and Northrup). Barometric pressure of the air was
also ﬁgﬁsured. Oxygen consumption values were corrected to standard
temperature and pressure.

Subjécts were deprived of food for 3-4 hrs. before oxygen con-
sumption measurements were made to ensu;e that all subjects began the
experimental run with resting metabolic rates. Each rat was exposed to
a particular ambient temperature for 75 min. During the first 45 min., sub-
jects were allowed to adapt to the chamber and the temperature and to i
achieve a fair%y stable body temperature (Fig. 1-4).

Average percentage of oxygen in the effluent air during tach of
the n%;t 10 min. ﬁeriods was noted and these values averaged for use 1in
computation of oxygen consumption. Subjects were weighed at the beginning
and end of exposure, and these weights were averaged and used to express
oxygen consumption in terms of milliliters of oxygen per gram of rat
per hour (ml. X g. -} X hr. -1). ‘

In qddition, oxygen consumption was measured after 2 14gkhrs: of
exposure to an ambient temperature of 40°C in five pregnant and six non-
pregnant rats. Each subject was deprived of food for 1 hr. before exposure
began and was then placed in a cy]indr%ca] wire mesh cage (h. = 12 cm.,

d = 8 cm.) in an incubator (Hotpack) heated to 40 + 1.0°C for 100 win. at
which time the requlated levels of hyperthermia shown by pregnant and non-
pregnant rats are well established (Fig. 3). Each subject was then placed

in the oxygen cansumption measurement chamber described above and allowed

-~
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to becomé accustomed to the chamber for 20 min. During the né%t 30 min.,
oxygen concentration was recorded. The oxygen concentration values at
the end of each 10 min. period during this 30 min. were averaged to
compute oxygen consumption as above.

Part 3: Activity of Pregnant and Non-pregnant

Rats During Heat Stress

Six non-pregnant and five pregnant rats were exposed to 40 + 0.5°C
for 4 hrs. as in EQperiment 1, Part 1. During the tast 10 min. of éach
1/2 hr., subjects were observed through the glass door of the incubator.
The number of seconds spent grooming and moving about the cage were recorded
with a stopwatch, and these scores were summed to give total activity
scores, Grooming was defined as licking the paws .or any other part of.
the body or cémbing any part of the body with the paws. Moving was
defiqed as any changé in location in the cage or any head movement greater
than approxi}mtely 1 in. in any direction. Vigorous scratching was included
as mévement. The number of seconds of moving, grooming, or total activity
in each observation period was summed for each subject to obtain the number
of seconds of the entire 80 m{n. of o@servatién time spent moving, grooming,
or totally active,

Results

Part 1: Body Temperature Regulation by Shaved

and Unshaved Rats During Heat Stress

Figure 9 shows the body temperatures of the non-pregnant, pregnant
and shaved non-pregnant rats during the 4 hr, exposure to 40°C. PFEB ant
rats showed siénificant]y lower body temperatures than non-pregnant rits

at each point of measurement (p's = 0.008). The shaved non-pregnant rats

-
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Figure 9 .
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Body temperatures of shaved non—pregnaﬁt rats and medfan body

temperatures of normal pregnant and non-pregnant rats exposed to 40°C
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maintainéd Tower body temperatures than non-pregnant rats for the first
2‘1/2 hrs. (p's < 0.032) but not thereafter(p's > 0.50). <They were not
signi?icantly different frem the pregnant rats for fhe first 2 hrs. of
exposure (p's < 0.096) but maintained sign{ficantly higher tempegratures
for the remainder of the exposure period (p's < 0.032). 1In addition,
the shaved non-pregnant rats had lower body Eemperatures'than the non-

pregnant rats (p = 0.008) and the pregnant rats (p 0.056) before

exposure began. >

Part 2: Oxygen Conéumption in “Pregnant and

Non-pregnant Rats During Heat Stress

]
Oxygen consumption in pregnant and non-pregnant rats as’ a function

of ambient temperature is shown in Figure 10. Regreesipn lines were
calculated for ogygen consumption at temperetures above 30°C fqr pregnant
rats and at temperatures above 32°C for non-pnegnant rats. The slopes

of both lines di%fer significantly from zero (n's é .02, Spearman Ranks
Correlation Ceefficient), but they d}d not diféef significantly from each
other-(p > 0.1, Walker and Len 1953), ‘

Dur1ng exposure to ambient temperatures between 30 and 36°C,
pregnant rats appear_to consume more oxygen than non pregnant rats
However, at temperatures above“36 c, non—pregnant rats appear to consume
more oxygen. 1nere was insufficienf data to permit compar%son of the
pregnant and non—pnegnant rats within the two temperature intervals.
Dunfng prolonged exposure to an ambient temperature of 40°C, pregnant_
squects consnmed signifiéant1y'1ess oxygen (ﬁedian = 1,908 ml. X-g."'l x
hr."; ?ange 5‘1.807 —_2.049;m1.'x.g.“1“x hr.'1) than did non-pregnant
subjects (median = 2.194 ml. X g.’] X hr."13 range = 1.816 - 2.323 ml. X

~
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Figure 10

L 2]

Oxygen consumption (ml. X g;.""I X hr."1) as a‘function of ambient )
temp;rature in pregnant and non-pregnant ra%s; regression line equations;
Y = 0.029X + 0.341, Sxy = + 0.085 (pregnant), Y = 0.143X - 3.665,

~Sxy = + 0.104 (non-pregnant). ' .

{
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g.-1 X hr.1) (p = 0.03).

Part 3: Activity of Pregnant and Non-pregnant

Rats During Heat Stress

As shown in Table 3, non-pregnant subjects spent significént]y

more of the 80 min. of observation during the 4 hrs. of exposure in total

activity (moving plus grooming) than did the pregnant rats (p = 0.004).
The differences between pregnant and non-pregnant rats in moving and
grooming taken separéte1y(approached significance (p's = 0.052).

More specifically, Figure 11 shows thatvpregnant subjects spent: "
significantly iess time moving and grooming (total activity) during all
but the first 10 min. observation period of the 4 hr. exposure (a11 p's < 5,
0.03). However, differences in moving alone or grooming alone between
pregnant and non-pregnant rats were not reliably significant.

Discussion .

Having less ventral surface fur is clearly an advantage during
exposure to 40°C. The shaved non- ﬁregnant rats showed a regulated 1eve1
of hyperthermia lower than that of the non-pregnant .subjects and s1m11ar
to that of the pregnant subjects ‘during the first two hours of the
eprsurel 1t seems unlikely, however; that différences in fur distribution
‘alone'can account for the entire difference between the pregnant and¢non—
pregnant rats. The shaved non- -pregnant rats had 1ower body temperatures
than either ndn-pregnant or pregnant squects before the start of the
exposure, presumably as a result o% their decreased insulation. This might

have increased the time necessary to reach a particular level of hyper-

thermja, thus maximizing the difference between. non-pregnant and'shgved
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54

Median number of seconds and ranges (in parentheses) out of 80 min. of

!

observation spent moving, grooming, or in total activity (sum of moving

and grooming) for preénant an&"non-pregnant rats.

Moving

Grooming

Total
activity

Pregnant

218
(163-571)

154
(116-312)
an
(354-687)

Non-pregnant

- 521
(417-734)

618
(127-728)

1124

© (861-1254)

L »"
4
Ve
LM
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“ Figure 11

¢

Median number of seconds spent moving and grooming by pregnaﬁt
(n = 5) and non-pregnant (":f 6) rats exposed to 40°C for 4 hrs. Scores
were obtained by summing the timé $pent moving and grooming during each

observation. period occuring during the last 10 min. of each 1/2 hr.
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-

non-pregnant subjects while exaggerating the sjmi]arity between shaved-
non-pregnant rats and pregnant animals. In éddition, the similarity of

the shaved non-pregnant rats to the pregnant rats lasted for only the

first half of the exposure, while the non-pregnant vs. pregnant difference
persisted for the entire 4 hrs. Finally, shaving the‘entire ventral surface
represents a very gross exaggeration of the altered fur distribution of
pregnancy. If a closer imitation had been used, the present results very
1ikely might not have been obtained.

Lower heat production during heat stress appears to be of far
greater importance to the pregnant rat's ability to maintain a lower
regulated level of hyperthermia, without addéh evaporation. At relatively
high ambient temperatures, i.e., above 36°C, pregnant rats clearly con-
sumed 1éss oxygen than non-pregnant subjects. This difference was sus-
tained even during prolonged-exposure to 40°C, suggesting that the pregnant
subjects which maintained lower body temperatures during exposure to 40°C
without‘added evaporative Water loss (ﬁ}periment 1, Part 3) did so because
they were produc%ng 1e§s heat which needed to be dissipated. The fact that

pregnant rats are clearly less active in the heat than are non-pregnant rats

" undoubtedly explains their 1owér rates of oxygen consumption during heat

stress. In this regard, rats_which were less active, in terms of saliva-
spreading and locomotion, tolerated longer exposures to elebated ambient
temperatufes (Clark, 1971),¥probab1y because they produced less heat
(Campbell and Lynch, 1967:fClark, 1971) which had to be dissipated by

evaporation.

Fid
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Chapter 5
General Discussion

Towards the end of pregnancy in the rat there are several striking
LY

Abehaviora] and physiological changes in body temperature regulation during
heat stress. When expgsed to elevated amb{znt temperatures,ipregnant rats
maintain 1owé; regulated levels of hypertherﬁia than do non-pregnant rats
(Experiment 1, for example). This finding was quite surpﬁfsing in view
of the initial expectation that body tempergture regulation by pregnant
rats during heat stress would be impaired. fhe difference in body tempera-
ture regulation may also be manifested at normal room temperatures. Rats
in the last third of pregnancy have slightly, but significantly, lower
body temperatures than non-pregnant rats do at room temperatures of 22-27°C
(Appendix VII). Perhaps this is a result of their spending more time*
grooming themselves (Appepdix IV; Roth and Rosenblatt, 1967). ‘
The maintenance during- pregnancy of lower body temperatures both

in the heat (Experiment 1! for example) and under normal laboratory con-
ditions (Appendix VI) is aided by the pregnant rats' relative inactivity.
It has long been known that pregnant rats at normal room temperatures are
less active than non-pregnant rats (Slonaker, 1925; Wang, 1923). They are
also less active during exposure to high ambient temperatures (Experiment
3, Part 3).

._Changes in the salivary responses to heat spreés also aid the
pregnant rats' maintenance of lower regulated levels of hyperthermia.

Saliva is produced faster and at a lower body temperature during late

58
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pregnancy (Experiment 2, Part 1). These changes™provide the pregnant
rat with an ample supply of moisture for evaporative cooling. In this
regard, it seems possible that the pregnant rats' maintenance of a lower
regulated level of hyperthermia during heat stress is an artifact of their
relatively éreater availability of moisture for evaporative cooling. How-
ever, pregnant rats still maintain lower body temperatures than non-pregnant
rats even when both groups have unlimited access to exogenous water (Appendix
VIi). This suggests that pregnant rats have an actual need or preference
to maintain 10Qer body temperatures both in the heat and perhaps at normal
room temperatures (Appendix VII) as well. ¢

| The fundamental difference in body temperature regulation during
pregnancy appears to be the fact that pregnant rats méintain Tower body
temperatures during heat stress (Experiment 1, for example) and possibly
also at normal room temperatures (Appendix VII). The bases for the changes
in thermoregulation during pregnancy are 1argeiy unknown at present. How-
ever, it seems likely that some of the wide-spread changes which occur
during preg;éncy must underly the pregnant rats' altered thermoregulatory
ability.

One such change may be the simple existence of the rapidly growing
fetuses. Fetal temperatures in utero in rabbits (Hart and Faber, 1965),
sheep {(Abrams, Caton, Curet, Crenshaw, Mann, and Barron; 1969), and humans
. (Manh, 1968; Wood and Beard, 1964) have been found ta be considerably
higher than materné] temperatures. 1In regard deep body temperature
is considered to be one of the important stimuli to the temperature regu-

lating centers in the hypothalamus (Bligh, 1963). Intra-<abdominal heating

gp sheep produces a thermpregulatory response sufficient to cause enough
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of a heaf Toss respoﬁse to Tower significantly the temperature of the
. hypothalamus (Rawson, Quick, and Coughlin, 1969). Perhaps the pregnant
rat maintains a lower body temperature because of deéb body heating from
her developing offspring. This could account fsr the fact that "actually"
pregnant rats have lower body temperatures, while "hormonally" (pseudo-
pregnant or progesterone-injected) pregnant rats, with no fetuses, have
higher temperatures than normal controls (Niebergs, Kupperman, and Gréenb]att,
1946; Niebergs and Greenblatt, 1948).
A]ternatiye]y, it seews.possib1e that the body temperature set K
point is lower during pregnancy. Myers andhis.cg-workers (e.g., Myers
and Veale, 1970; Myers and Yaksh, 1971) have found that the body temperature
around which regulation occurs in a number of species is controlled by
the ratio of calcium to sodium in the blood bathing the hypothalamus. A
rise.in calcium relative to sodium lowers the set point, while a rise in
sodium relative to calcium raises it. During th& last third of pregnancy,
plasma sodium levels are lower than in non-pregnant subjects (Appendix 111),

while blood calcium levels have not been found to change during pregnancy

—

(McClennan, 1970). Thus, the calcium to sodium ratio is altered, and there

is a relative rise in calcium, making a drop in the body temperature set

/
point possible during late pregnancy. ) \\\t
The lower rates of activity during pregnancy have been attributed

to the anesthetic effect of progesterone on general body activity (see
Rothchild, 1969, for reviéw). Such an explanation would seem sufficient
to ;ccount for the relative inactivity of.pregnant rats during heat stress
(Experiment 3, Part 3). However, rates of activity in pregnant hamsters
may be lower than in pseudopregnant hamsters (Richards, 1966), suggesting

that the altered hormonal state of pregrnancy alone may not entirely account
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for the drop in activity. Since pseudopregnant animals also gain weight
(Wade, 1972), differencesin heat production during activity probably do
not account for differences in activity. As discussed earlier, however,
pregnant animals would receive stimuli from deep body heating which pseudo-
pregnant animals would not receive. Thus, the drop in activity seen during
pregnancy may be partly thermoregulatory in nature. |

Of the changes'in the salivary response toheat stress ‘during preg-
nancy, the increased flow rate from the submaxillary gltands (Experiéent 2, ~
Part 1) is easiest to explain. Increased levels of’K+ in the blood appear .
to be the only changes which produce an increased salivary flow (Burger,
1967). Pregnant rats do show increased blood K¥ levels (Appendix III)
during the last third of pregnancy when they show the increased salivary
respohse. Thus it seems likely that their .rise in plasma Kt can account
fof/fheir greater salivary output in the heat. L;;tle is known about
changes in the body which m{ght produce an a1tered\body temperature thres-
hold for increased salivation. In the rat, however, the salivary résponse
is one of themajor mechanisms of heat loss (Hainsworth and Stricker, 1970).
Any change in the systems regulating heat logs would be expeﬁted to affect
the salivary response to hyperthermia. Thus a drop in tﬁe body temperature
set point during pregnancy would likely reduce the body temperature threshold
for salivation. Alternatively, the lower body temperature threshold for
increased salivation may reflect the activation of heat Toss centers by
intra:abdominal heating produced by the relatively hot devélopigg fetuses.

A number of speculations concerning the underlying bases of the
pregnancy-ré]ated changes in thermoregu]at{on during heat stress can be

offered. In deciding among them it would be helpful to know when dgring

*
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pregnancy the changes fIPSt become apparent The maj;r fpcus of the preeentl
work was on rats dur1ng the last 5- 6‘days of pregnancy Since changes
in seTf—]icking‘occur much earlier, however, it seems possible that there
may also be alterations in thermoregu1atory ability earlier in pregnancy.
The expﬂoration of this issue and the identification of the bases of the
pregnancy-re1ated changes 1in thermoregulation'remain experimental questionsr

at present, R B
I ‘ .

i

The function and importance of the changes in thermoregulatory E

ability dur1ng pregnancy are similarly unknown It seems possib1e that

the ma1ntenance of Tower body temperatures by pregnant rats, as well as

o
..X'S s

their reduced activity, would have the effect of 11m1t1ng the increase %
in caloric intake necessary duriﬂng preg?ancy. More importantly, 'exposure‘

to high envi ronmental temperatures is known to have deleterious effects

on reproduct1on 1n a number of species (see review by Na1tes, 1968) ,
1nc1ud1ng rats (Benson and Morr1s, 197} Pennyc1uk 1964). Inc*this #;gergf
fetal'temperayurea in the rat are 1ike1y to be cons1dera51y higher than
maternal temperatures 'In other species, the"fetal-maternal temperature
difference is as much as 0.8°C (Abrams, Caton, Curet Crenshaw, Mahn, and
-Barron 9969; Mann, 1968). " If such a difference persisted dur1ng heat
stress, fetal temperatures could become dangerous]y high unless the mother
were able to increase her rate of heat loss and ma1nta1n a Jower temperature
herse]f Perhaps the pregnant rat during heat stress chiould be said to

.be regulatwng the temperature of ner unborn young,‘rather than her own

body temperature. If intra- abdom1na] heat stimuli are important for body

temperature regu]at1on, the pregnant rat could indeed be regulating fetal,

npt_maternal,-temperature.
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This possibility suggests aﬁ interesting specutation regarding the ‘~
evolutionary deve]opmeﬁt of deep body temperatures receptors. In the natural
environment, the most likely time for an ;nimai to experience heating
deep withinlthe body is durfﬁg prégnancy. " Since etevated temperatures
are deleterious to reproductive performance (Benson and Morris, 1971;

Pennyciuk, 1964), animals which ;ou1d lose hea£ in response to such deep
bodyiheating would have relatively greater rates of reproductive success.

This trait would thus become more prevalent in the population.

The underlying bases 6f the ché'nges in thermoregqulatory ability . E

which accompany pregnancy are Tlargely unknown. Likewise, the function
and importanqé of these chaﬁges are_obscure.‘ Neve#the]ess, there are

striking behavioral and physiological changes in body\temperature regu-
lation which occur during pregnancy. These changes are most certainly X
yet another example of the body's }emarkable ability .to naintain homgd-‘ E b

stasis, even during the altered condition of pregnancy.
' . " .



. Appendix 1
Tail Length in Pregnant and Non-pregnant Rats

Subjects, housing conditiohé, and statistical procedures we;e
as in Experiment 1. .Tail 1ength (from the tip to where the tail becomes
fur-covered at the base) and circumference (as close to the fur at the
base as possible) were measured to the nearest mm., and tail surface was
approximated using the formula for ehe.curved surface area of a cone
(nr/r€+h2) in six non-pregnant and six pregnant rats. A1l subjects were
weighed to the nearest‘g. at the time of tail measurement to allow expres-
sion of tail size relative to body weightf

The .results.are summarized in Table 4. No significant differences
were found between non-pregnant and pregnant rats w{th regard to tail
length or surface area (p's.> 0.20). Hobeye%, pregnant rats weighed 27%
more than non- pregﬁant rats (p = 0.002). Thus, when tail length and sur-
face area were expressed in terms of body we1ght pregnant rats were found
to have s1gn1f1cant1y shorter tails and smaller ta11 surface areas than

14
~

non-pregnant rats {p's = 0.002). . o .
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© 100 g. body wt.

ﬂf

TABLE 4

Median values and fanges_(in parentheses) for body weight, absolute

tail length and surface area, and tail length and area relative to

body weight in non-pregnant and pregnant rats (both n's = 6).

body\weight
(g.)

tail length
(cm. )

tail length/

100 g. body wt.

tail area
(cm. 2)

tail area/

Non¥pregnant Rats

343.0

(312-360)

18.5
(17.5-19.1)

. 5.4
£5.0-5.8)

32.9
(27.0-41.4)

© 9.4
(8.6-9.8)

}

Pregnant Rats

423.0
(392-478)

18.8
(18.4-20.3)

4.4
(4.1-4.7)

32.2

* (29.0-36.0)

7.4

, (6.9-8.5)
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Appendix II
Submaxitlary Gland Weights in Pregnant and Non-pregnant Rats

Subjects, housing conditions, and statistical proéedures were as
in Experiment 1. Eight non-pregnant rats and six pregnant rats were
weighed to the nearest g. and given an intraperitoneal injection of 1.0
cc. of Nembutal* anesthefic. When fﬁey were anesthetized, their sub- -
maxitlary and sublingual glands were removed in their common sheath
through a midline incision in the ventral surface of the neck. The "
glands were quickly dissected free of non-glandu1ar tissue, wrapped %é
tightly in pre-weighed pieces of aluminum foil, and weighed to the nearest
0.1 mg.

Table 5 presents the results of the measurement of salivary g]ands

in pregnant and non-pregnant rats. In terms of abso]ute weight, the

‘d1fference in size between the salivary glands of the pregnant and non-

pregnant rats was not significant (p > 0.05). However, since the pregnant
rats were significantly heavier than the non—pregnant rats (p < 0.001),
their salivary glands were smaller, relative to body weight, than the

sa1ivarf glands of the non-pregnant rats (p = 0.02).

B
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TABLE 5

67 -

Median values and ranges (in parentheses) for body weight, sub-

maxillary-sublingual salivary gland weight, and gland weight/'.'

100 g. body weight in pregnant (n = 6) and non-pregnant (n = 8)

rats.

Body Weight
(g.)

Gland Weight .
(mg. )

Gland Weight/ ‘
100 §. Body. Weight
(mg.

Pregnant
432
(392-478)

557.6 -
(479.6-664.7)

133.6
(114.2-151.1)

Non-pregnant

326
(236-380)

497.3
(435.4-563.3)

169.1 . %
(133.8-193.8) N



Appendix III

Blood Parameters in Pregnant and Non-pregnant Rats

~—

A T-shaped abdominal incision was made in six anesthetized non-
pregpant and five pregnant rats, and 3-5 cc. of b.1ood were c011ectéd
from each rat with a syringe inserted into the abdominal agréa. The biood
samples were transferred to heﬁarinizeﬁ ngt tubes and centrifuged. The
plasma was then drawn off and used to determine plasma Nat and k* by flame
phoFometny (Modei 143, Instrumentation Laboratory, Inc.), plasma osmo1ariky
by freezinglpoint qepréssion {Advanced Instruments, Inc,), and plasma
protein by refractometry. Samples of blood from eachffhbjects were also
collected in microcapiliary tubes, cénprifuged, and used to determine
hematocrit. A1l mea;urements wére made twice and averaged %or each subject.

Table 6 shows the blood parameters of the prégnant and ﬁon—pregnant
_rats.- Pregnant rats had 19wef plasma Na* levels (p fﬁb.018) but higher

4

lasma KV levels (p = 0.0b8) than non-pregnant rats. Plasma osmdlarity,
p L4

-

plasma protein, and hematocrit were all lower in the pregnant éubjeé%s

" (all p's = Q.004).

>
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TABLE 6

Median values and ranges (in parentheses). for plasma Na', p]asmé

K, plasmé osmolarity, plaima protein, and hematocrit for pregnant

(n = 5) and non-pregnant (n = 6) rats.

'Pregnant
Plasma Nat 133.8
(mEq/1.) . - {130.5-136.0)
Plasma K* 4.1
(mEq/1.) (3.6-4.6)
Plasma Osmolarity . 278.0
(mOsm/1.) © (278.0-282.0)
Piasma Protein 5.2 :
(g/100 mi.) - (4.8-5.7).
 Hematocrit L 35.0
%) _ (30.0-36.5)

Non-pregnant

-138.2
(134.8-139.0)

3.2 .
{3.0-3.6)

291.8
(288.0-295.5)

6.7 .
(6.0-7.0)
43.5

(42.0-44.8)

o
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Appendix IV

~

Changes in Se]f—Licking During Pregnancy in the Rat

Subjects were 11 non-pregnant and 14 pregnant Spraque:baw1ey‘
rats, weighirg 200-329 g.jat the beginning of the experiment. Pregnant
subjects were obtained from the supplier within 24 hrs. of mating, on

day 1 of pregnancy.

A]T_subje;ts were housed indiv}dua11y with food and water continuous].

available. A Tlight-dark cyc]e was in effect with the dark period oxtending
from 1 am. until 1 pm. Routine maintenance of tne subjects was carried out
during the 1ighf;period. The experiment was performed during the summer
nnnths; and the nmbient'temoerature of the experimental room fluctuated
betweon426 ano‘28°C due to malfuncfioning air conditioning.

A1l observations of se]f—]ickingiwere made during the dark period

of the 11ght;dark cycle with lighting for the experimenter provided by a

25 watt red 1ight bulb. Pregnant subjects were observed for 30 min./day

‘on days 2- 5 10 13 and .18-21 of pregnancy. Non- pregnant animals were

observed for "30 min. / day dur1ng two 4-day blocks occurr1ng after the second

Aand third observation period for the pregnant rats SubJects were watched

1n.pa1rs and the amount of time spent licking the nipple areas and the

genital area was recorded with a stopwatch. In_add1x1on, the total time

speni licking all areas of the body was recorded during the second and

- %
third observation periods for the pregnant rats and during both periods
for the non-pregnant subjects. To ootain self-licking scores, the time -
spent licking particnlar areas was summed for each 4-day period? Thus ,

70. - .
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for preﬁnant subjects; there were nipple-licking and genital-licking
scores for days 2-5, 10-13, and 18-21 and total-licking scores for days
}0-13 and 18-21. For non-pregnant subjects, there were two sets of nipple-
licking, genital-licking, and total-licking scores.

Statistical éignificance of results was established using a Mann-
Whitney U'test (two-tailed) for comparisons of pregnant and‘non-pregnant
an%mals and a Wilcoxon matched pairs-signed ranks rest (two-tailed) for
within-group comparisons.

Self-licking scores (number of seconds spent Ticking and percentage .
of total-Ti¢king time spent licking various areas)’are presented in Table L
7. - Only ong set of scores is presented for the non4pregnant animals,
Thg scores for the second observation block were discarded since the
ambient températbre during:lhese 4 days dropped to 25°C (while it had
previdus]y averaged 27°C), and total-!%cking time drbpped in the non-
pregnant ahima1s‘during this time by ailmost 50% (p < 0.02).

During each 4-day observation block of pregnancy (days 2-5, .
10-13, and 18-21) pregnént rats had higher genita1:1icking and nipple-
licking scores (p's < 0.002) than non-pregnant rats. On days 10-13 and
]Q;Z];ywhen total-licking was recorded, pregﬁant rats spent“a higher per-
centage of total-Ticking time genital-licking (p's < 0.02) and nipple-
licking (p's < 0.002) than non-pregnant rats. In gddition, pregnant
_régs showed more total-licking than non-pregnaqt Eats during bo?h obser- .
Qétion blocks (p's < 0.02). This Eorréspondgd to 6% of the observation
time on days 10-13 and 8% on days 18-21 in the pregnant rats vs. 4% in .
She nonﬁbreqhang subjects. . o o

N

No significant increases in time spent genital-licking or in
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TABLE 7

Median values and ranges (in parentheses) during eéch 4-day observation
period for number ‘of seconds spent licking any part of the body (total-
licking) and number of seconds and percentage of total licking time spent
nipple licking or genital licking by non-pregnant (n = 11) and pregnant

(n = 14) rats (during various parts of pregnancy).

Non-pregnant Pregnant Pregnant Pregnant

Rats Rats Rats Rats

. (days 2 - 5) (days 10 - 13) (days 18 - 21)
Time : 205.0 , -—- 399 515
Total-1licking (115-587) {104-958) (249-1440)
Time C N 7.5 ' 15.5 32.5 32.0
‘Nipple-licking (0-14) (6-85) (0-93) - (14-164)
% Total-licking 2.0 -—- 8.0 | 10.0
Nipple licking (0-3) (0-17) (3-16)
Time 7.5 19.0 18.5 31.0
Genital licking ~ (0-10) (3-54) (5-47) . (0-66)
% Total-licking 1.0 - --- 4.5

6.0
Genital licking (0-6) - (1-12) (0-26)
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percentage of total-licking time spent genital-licking were found as
prégnancy ad?anced (p's > 0.05), but more time was spent nipple- |
lickyng on days 18-21 than on days 2-5 of pregnancy (p < 0.05), and the
percentage of time spent nipple-licking was greater on days 18-21 than
on days 10-13 (p < 0.05). In addition, total-licking increased by
over 25% from days 10-13 to days 18-21 of pregnancy (p < 0.02).
Comment

In general, the findings of the present experiment confirm those
of Roth and‘ﬁosenblatt (1967). Licking of pregnancy-related areas
increased over non-pregnant levels both in terms of absolute amount of
time and in terms of percentage of total-licking time. However, there
were some minor differences_betweeh the results of the present study

and those of Roth and Rosenblatt (1967). Changes in genital-ticking

and nipple-licking as a function of advapcing pregnancy were not as striking

in the present experiment as in the study by Roth and Rosenblatt (1967).
However, in the present experiment, the pregnancy-related increases

in genital-licking and nipp]e-iicking were apparent on days 2-5 of preg-
nancy, while Roth and Rosenblatt (1967) did not find a difference between
non-pregnant rats and days 2-5 pregnant rats with regard to genital-
Ticking or nipple-licking.

’ A more important discrepancy concerns changes in total time
spent licking. While Roth and Rosenblatt (1967) found no change in
total-]ick%ng with advancing pregnancy, the present experimen§ found
that, on days 10-13 and 18-27, pregnant rats had higher total-licking
scores than non:preghant rats; for example, day 18-21 pregnant rats

spent twice as much of the observation time licking themselves compared

k.



74

to non-pregnant rats. In addition, total-licking did increase as a func-
tion of advancing pregnancy.

The changes in total-licking éoup]ed with changes in nipple-
licking and genita]-]igking are even more suggestive of thermoregulatory
behavior than are changes only in nipple-licking and genital-licking.

In this regard? the gmbient temperature in Roth and Rosenblatt's (1967)
stuéy was 22°.+ 1°C. This difference in temperature should not have
increased the need for evaporative cooling in non-pregnant rats since
both temperatures are below those at which non-pregnant rats show
elevated body temperatures (Hainsworth, 1967} or increased rates of
evaporative water loss (Hainsworth, 1968). However, the increase in
temperature from 22 to 27°C might have increased the need for evaporation

in a pregﬁgd@ rat whose ability to lose heat passively is decreased
]

(Appendix ). “

A
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Appendi x v

Body Temperature Threshold for Vasodilatation in

<, .
Pregnant and Non-pregnant Rats 2

Subjects, housing conditions, and statistical procedures were e
as in Experiment 1 Using a method similar to that used by Grant (1963);
the body temperature threshold for vasodilatation was measured in six
non- pregnant and six pregnant rats while they were lightly anesthetlzed
with Nembutal*. One telethermometer probe.was inserted 5 cm. beypnd the
anal orifice to measure body temperaturegbanother probe was taped to the tai
between the tip and the base, to measure tail temperature, and a third
probe measured the ambient temperature near the tail. Rats were made
hyperthermi¢ by placing them on a heating pad, but their tails Qere
shielded from the heat by a 10 by 10 inf square of 1 in. thick foam rubber
covered with aluminum foil. Ambient temperature was monitored intermit-
tently, and tail and body temperatures were recorded every 30 sec. The
body temperature threshold for vasodilatation was considered to be that
body temperature at which tail temperature began a rapid rise. The ambient
temperature near the tail was recorded and subjects removed from the
heating pad when their body temperature reached 40°C.

Representative records for one non-pregnant, and one pregnant rat

are shown in Figs. 12 and 13. The body temperature threshold for vaso-

dilatation in non-pregnant rats (median = 38.4°C; range = 37.3 - 38.5°C)

was not significantly different from the threshold shown by the pregnant

rats (median = 38.6°C; range = 38.0 - 39.0°C) (p > 0.30).
75 '



: Figure 12

\1:/ N

Representative reeord of body temperature threshold for' vaso-

ditatation in a non-pregnant rat (air température = 27.3°C).
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Figure 13

Representative record of body temberature threshold for vaso-

dilatation in a pregnant rat (air temperature = 27.52C).
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_Appendix VI

Body Temperature Regulation of Pregnant and Non-pregnanthats Given

Sh Unlimited Supply of Water During Heat.Stress

Subjects, housing conditions, and statistical procedures were
as -in Experiment 1. Six non-pregnant and five pregnant rats were exposed

to 40°C for 4 hrs. as in Experiment 1. All subjects had access to water

- in circu]ar glass d1shes (h. = 5 .cm. d. = 9 1/2 cm.) which were kept

.

- f111ed to within 1/2 - 1 in. of the top with water from a beaker kept in

the samg 1ncubator but outside the cages.
Body temperature was measured as in earlier experfments before
the beginning of exposure and after each 1/2 hr. of éxposure. SubjectiVe-
eva]uations of wetness and behavior were made during the exposure.
g | The body temperature and wetness estimates of the five pregnant
and five non- pregnant rats run for 4-hrs. at 40°C in Experiment 1 were g
used for compar\son w1th the data from the pregnant and non- pregnant rats
with access to water baths in the present experxment .
Figure 14 shows the body temperatures of the pregnant andnon-—
pregnant groups, w1th and w1thout5§kcess to a water bath during exposure e

to 40°C for 4 hrs. ' Non-pregnant subJects w1th access to water malntawned

lower body temperatures than non- pregnant subjects w1th Jno- free water

during the 4 hr', exposure (p's <‘6 016) as did pregnant subjects (p's = 0.032)
Pregnant subgects w1th access to water showed lower -body temperatures than’

non- pregnant rats w1th access “to water (p's < 0. 036)

\ ' " 80 "
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Figure 14°

P

-«

Body temperatures for pregnant (n = 5) and non-pregnant (n = 6)
rats with access to a water bath during a 4 hr. exposure to 40°C and
median .body temperatures of pregnant and non-pregnant rats {both n's = 5).

without access to a water bath during a 4 hr. exposure to 40°C.
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Pregnant and non-pregnant subjects without\atcess to.water
, - \

appeared'equa11y wet during the exposure with moderate amounts of moisture
: \

kvon(their ventral surfaces. In contrast, the paws and\much of the ventral
surface fur of the pregnant rats'having water baths we often dripping
wet. Surprisfng1y, the fur pt the non-pregnant rats generally seered
1ess.wet than that of the other greups (especia11y the pregnant rats

with water baths) and occasionally appeared'a1most comp1eté1y dry. How-
ever, both pregnant and non-pregnant rats with water bathé in their capes'
were observed to dip their paws and taj?s.into the water bath}\walk

throh h the water, arag thedir tails through the'water, and oecasinna11y

. # . L.
groom some of the water onto their fur..

Comment
In\the present experiment, both non-pregnant and pregnant rats
maintained lgwer regu]ated 1evels of hyperthermia during heat stress if

4
they had access to a water bath thap if they had to rely on saliva alone

for evapora%ive coo11ng. Thus , the on—pregnant-us. preé:ant difference °
" in body temperature regutlation observegwin earlier experiments during

exposure to 40°C p%rs1sted .even when all subJects had an un11m1ted

supply of water ava\]ab]e. This vesult suggests that the Tower regulated

1eve]s of hyperthermta during heat, streSS'ul pregnant rats reflect'a
need or preference for lower body temperatures at this time rather\than
an art1fact of the pregnant. rats greater.ava1]ab111ty of water.
The va11d1ty of ihe present suggest1on rests on the assumpt1on
* that the non-pregnant subjects with access to a water bath were not losing

heat by evaporat1on at the .maximym p0551b]e rate- ngen the part1cu1ar

experimental tonditions involved. Unfortunately, such an assumpt1on is,

-
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at best, difficult to prove. However, non-pregnant eefs with access

to wate;-occass1onal1y appeared quite dry, while pregnant subjects with
exogenous water usua]]y/pqd seaking wet paws and ventral surfaces.
‘R/esumaEWy, the non-pregnant rats could have wetted their paws more
frequently or groomed water onto their fur more=nften In this regard,
Stricker, Everett, and Porter, (]968) found .that rats given access to a
water bath du%ing exposure to 40°C wereﬂcbntinuous1y wet, making extensive
" use of the water to wet their tails, paws, heads, and torsos. Further-
~more, they found that those subjects with the 1owest body temperatures
seemed in general to make the most extensiVe use of the water (Stricker, §§%%
Everetf, and Porter, 1968). Since the procedures and equipment in that

study were the same as those used in the present experiment, it seems

unlikely that such factors as humidity would have prevented increased

effective use of the wate} by the non-pregnant rats. Instead, it appears

that, during heat stress, pregnant rats may have a need or preference for

maintenance of lower body temperatures than those shown by non-pregnant

rats. .. T

- T A



Appendix VII

Changes in Body Temperature at Normal Room

Temperatures During Pregnancy in the Rat

-

Subjects, housing conditipns, and statistiea1 procedures were as
in Experiment 1. To obtain body temperature recordings at laboratory
temperatures, the pre-heat stress body temperatures of)norme1 pregnant and
non-pregnant‘rats used in previous experiments in this manuscript were
‘assempled. Nﬁenever a subject had been heat-stresseq more than onee (and
thus had more than one initial temperature reécording) a meam bbdy tempera—
ture was calculated for that subject° In all, there‘were body temperature

record1ngs for 19 pregnant rats and 16 non-pregnant rats. The temperature

of the 1aboratory ‘during the péeriod in which these measurements were obta1ned

ranged between 22‘and 27°C. ’ N

hd

The pregnant subgects had a lower body temperature (median = 37.0°C;

range = 36.1 - 37.7°C) than the non-pregnant subaect; (median = 37 2°C;

- pange
%

36.7 - 38.4°C). While this difference was small, it nevertheless
was significant (p < 6.05)1

»
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