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Resting metabolism rate (RMR) was measured in adult white mice
at various temperatures ranging from 32 to —10°C. At 0°C and 20°C
the RMR measurements in normal air were followed by measurements
where a mixture of 80% He and 20% O, was used to induce maximum
thermogenesis. The maximum metabolism in He-O, (8.3 cemO,/gX hr)
was observed at 20°C, while in normal air the highest values (7.9 ccm
Oy/g X hr) were noted at 10 and 5°C. The high level of metabolism was
maintained only by 5 to 15 minutes. Constant rectal body temperature
was maintained only within rage of ambients between 32 and 10°C. At
—10°C the body temperature dropped to its lowest value (20.4°C).

[Department of Animal Ecology, Jagiellonian University, Karasia 6,
30-060 Krakéw, Poland]

1. INTRODUCTION

The values of metabolism in animals may vary within wide limits. The
lower limit — the basal metabolism rate (BMR) is regarded by many
as an indicator of an overall rate of energy expenditure, activity, even
fitness, or as coefficient of reproduction (McNab, 1980). The upper limit
is much less known though it may have a high survival value e.g. at
very low ambients when heat losses are high or during a forced escape.
The maximum metabolism measured in this study is represented by a
maximum oxygen consumption utilized for generation of heat in thermo-
genesis (Wang, 1978; Abbots & Wang, 1980) in contrast to the maximum
oxygen consumption attained during a physical effort (Taylor, 1982;
Taylor et al., 1981).

The maximum oxygen consumption measured in several species of
mammals exceeded their corresponding BMR’s by six to ten times
(Pasquis et al., 1970; Rosenman et al., 1975; Wickler, 1980; Dawson
& Dawson, 1982). The rodents can increase their rates of metabolism
within narrower limits than larger mammals. It is brought about by
their relatively high resting metabolism rate or by an ability to incur
oxygen debt. Acclimatization is known to serve as an important factor
in widening the range of ambients within which animals can accelerate
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their metabolism. The rodents that were acclimatized to low tempera-
tures acquire both higher tolerance and resistance to cold. Such rodents
may also attain higher values of the maximum metabolism (Pasquis
et al., 1970). Not too much is so far known about a maximum metabolism
in the laboratory mice (Pasquis et al., 1970; Hart, 1971; Rosenman &
Morrison, 1974; Prothero, 1979).

The maximum metabolism may be elicited by forcing animals to make
utmost physical efforts or by bringing ambient temperatures to as low
as —60°C. More recent method of forcing animals into the maximum
thermogenesis uses a helium-oxygen mixture for breathing instead of
normal air. Such mixture has much higher heat conductivity than ni-
trogen-oxygen mixture and subsequently speeds up heat losses. Under
such conditions it is possible to obtain the maximum rate of thermoge-
nesis without resorting to very low temperatures. The method has been
widely applied (Rosenman & Morrison, 1974; Wang, 1980; Wickler, 1980).
Grazienko & Kalvin (1975) found no adverse effect of He on living
organisms.

The aim of the study was to determine the level of maximum metab-
olism in laboratory mice and metabolism-related changes in rectal
temperature.

2. MATERIAL AND METHOD

53 laboratory white mice (Mus musculus Linnaeus 1758) including 32 females
and 21 males were employed in experiments. Their body weights ranged from
25 to 43 g. The animals were maintained in our animal facility at a neutral
20+2°C, and a natural light regime. Oat and wheat grain, grannulated rodent
food, and water were generally available.

The first series of experiments the BMR measurements were carried out. (The
only deviation from the condition required of BMR was that the animals were
not in post-absorbtive state). The resting metabolism rates (RMR) were measured
in natural atmosphere at 32, 28, 23, 20, 10, 5, 0 and —10°C. In the second series
of experiments a maximum rate of thermogenesis was measured' at; 20°C and
0°C in air that was replaced by a mixture of 80% He and 20% O, henceforth de-
noted as He-O,; (Cygan, 1984).

The series of 40-minute long measurements were carried out in a closed-circuit
manometric respirometer of Kalabukhov-Skvortzov system, in chambers of 1 litre
capacity (Gérecki, 1975). The mice were placed in wire net cages (8.5%X4X4 cm)
that' prevented most movements. In experiments with He-O, during initial 20-mi-
nutes animals were breathing air. Later the chamber was flushed with 10—15
1 of He-O, until the air was completely replaced, then the metabolism was again
measured during 20 minute run.

Rectal temperatures were taken with electronic probe accurate to the nearest
1°C within no more than 20—40 s after removing the animal from the chamber.

The rectal temperatures were not primarily taken in series of experiments
carried out at 5 and 10°C. To bridge that gap in data tha same animals were
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exposed to the same temperatures in simulated experimental conditions two weeks
later. Mean while their body weights changed a little as shown in Table 1.

Table 1
Oxygen consumption and body temperature in laboratory mice at various ambient
temperatures.
Ambient N Body Oxygen consump. Body
temp., °C weight £SD ccm Oy/gXhr +SD temp. *SD
Measurements in air
32 30 26.815.6 3.78+0.53 36.410.6
28 30 27.01+4.7 3.4110.56 35.610.7
25 30 24.115.6 3.621+0.49 36.3*1.0
20 18 27.912.5 5.2710.86 36.510.9
20 28.21+2.2 7.9310.78 —
10 14 30.2+5.1 — 35.711.1
19 28.412.6 7.93%0.76 —
5 14 321322 — 32.212.0
0 30 29.8+4.9 6.60+0.70 31.7+2.1
—10 - 30 35.713.9 5.10+1.41 20.413.5
0 24 87.8+7:1 6.111+1.12 —
Measurements in He-O, (80% He, 20% O,)
T 24 37.817.1 7.31+1.59 22.8i2.,5 K
20 ; b 28.5+2.4 8.3210.73 35.0+0.9
3. RESULTS

3.1. Basal Metabolism Rate and Thermoregulation Curve Wiy

At 25, 28 and 32°C differences in oxygen consumption values were
negligible, although it can be noted that a thermoneutral zone lies almost
exactly around 28°C (3.4 ccm Os/gXhr) with two slightly higher values
for 25 and 32°C (Fig. 1). Hence the value of metabolism obtained at
28°C was assumed as basal (BMR).

At lower ambients the metabolism measures in air increased rapidly
(Table 1, Fig. 1). In 10 and 5°C the values obtained were identical at
7.9 ccm Oy/gXhr. At 0°C metabolism value started to fall and reached
its minimum level at —10°C (below 5.1 cem O,/gXhr). These values
were obtained for group of animals with body weights that were slightly
higher and more variable than in other groups.

The highest value of metabolism measured in He-O, atmosphere was
noted at 20°C (8.3 cem O,/gXhr) and was slightly lower at 0°C. This
phenomenon was related to changes in body temperatures that are
described later in the paper. Tt was also possible to follow timing of
spells of high metabolism in animals exposed to low ambients. The
respirometer used in the experiment allowed monitoring the oxygen con-,
sumption in 5-minute intervals. In 0°C the highest value (7.00 ccm
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Fig. 1. Thermoregulation curve for laboratory mice.

O,/gXhr) was noted after 15 minutes which almost constant rate in
following periods (Fig. 2). At —10°C the highest metabolism rate was
attained in first 5 minutes (6.6 ccm O,/gXhr) falling after next 5 min-
utes to 5.5 cem O,/gXhr with that decreasing tendency maintained
till the end of measurement (Fig. 2).
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I-‘ig 2. Metabolism rates in laboratory mice: at 0°C in air (A), at —10°C in air
(B), at 0°C in He-O, atmosphere (C).
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In experiments at 0°C where the He-O, replaced the air the metab-~
olism value reached 7.3 cem Oy/gXhr in first 5-minute period to rise
to maximum value of 7.9 ccm O,/gXhr in the next period and later drop
rapidly. At 20°C no such pattern of changes was observed.

3.2. Body Temperature

Within the thermoneutral zone of ambients the rectal temperature
was almost constant (Table 1, Fig. 3). When facing lower temperatures
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Fig. 3. Changes in rectal body temperatures at various ambients.

the mice could still maintain homeothermy. At 10°C the rectal temper-
ature was 35.7°C i.e. still close to values obtained at higher ambient
temperatures. At 5°C the body temperature dropped to 32.1°C and at
0°C to 31.7°C to obtain its lowest value of 20.4°C at —10°C of ambient
temperatures. In experiments that involved breathing in He-O, at 0°C the
rectal body temperature was again low (22.8°C). At 20°C the mice main-
tained constant body temperature of 35.0°C. All the mice exposed to
—10°C and those subjected to breathing He-O, survived the experi-
ments.

4. DISCUSSION

The minimum metabolism in Mus musculus has been determined in
several studies (Table 2). The ratio between maximum and minimum
(determined in short periods of time) was 3.2. The lowest values of this
ratio were reported by Pearson (1947) durinf 24 hr trials. His experi-
ments were however conducted at relatively high ambient temperatures.
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Much higher values were reported by Pasquis et al., (1970). They found
the maximum metabolism in white mice to exceed six fold the minimum
one, and in larger rodents, like the rat, Guinea pig, and hamster, by
six to seven times. The highest value (6.3) was obtained by Hart (1971)
for Mus musculus. The discrepancy in these results might have origi-
nated from differences in methods by which the maximum metabolism
was induced or from various thermal conditions in which the animals
were kept prior to the experiments. In general the maximum thermo-
genesis exceeds the minimal rate (BMR) by less than the metabolism of
physical effort can do (Bedford et al., 1971; Taylor et al., 1981; Rosen-
man & Morrison, 1974; Taylor, 1982).

Table 2
The minimum metabolism rate.

Oxygen .
consumption tgg‘b‘eé‘é 33? dy References
cem Oy/g X hr P - 8
2.1—2.7 26—217 17—23 Pearson, 1947
23 30 Mokrievich, 1966
3.2 30 30 Bartke & Gorecki, 1968
3.2 30 12 Goérecki & Krzanowska, 1970
3.4 30 19 Gorecki & Krzanowska, 1971
2.0 30 Rosenman & Morrison, 1974
34 28 27 in this study

In this study the maximum metabolism was induced by the lowered
or by breathing He-O, mixture instead of normal air. The maximum
metabolism was found by Rosenman & Morrison (1974) to occur. at
various temperatures in various species of rodents. For M. musculus of
average body weight of 29.5 g the maximum metabolism in He-O,
atmosphere (11.1 ccm O,/gXhr) was found to occur at 7°C. In: this
study the maximum value of metabolism in He-O, atmosphere was
7.3 cem O,/gXhr at 0°C and 8.3 cem O,/gXhr at 20°C (Table 1, Fig. 1).
Rosenman & Morrison (1974) extrapolated the thermoregulation curve
from their experimental results and determined that the maximum me-
tabolism should occur in M. musculus at around —14°C. The present stu-
dy revealed that the breathing He-O, atmosphere at 0°C brought about
a significant decrease in body temperature (Fig. 3) similar to that tak-
ing place in normal air at —10°C. Thus it may be assumed that the
theasurement in He-O, at 0°C corresponds roughly with a measure-
ment in air at around —9°C (Fig. 3). .

“The body temperature measurements indicate that the mice used in
this experiment entered a hypothermy as early as at 10°C. It deepened
with decrease at ambient temperatures. Similar, transitional range of
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temperature was found by Mokrievich (1966). Hence there is some ground
for assuming that the maximum metabolism range should fall within
this range of ambients. Goérecki & Krzanowska (1971) studying the
white mice of somewhat lesser body weight (around 19 g), but kept
under similar conditions as those used in this study, obtained fairly
high values of metabolism (7.63 ccm O,/gXhr) at 10°C. Similar results
(8.65 ccm O,/gXhr) were obtained by Bartke & Goérecki (1968) for
white mice of larger body weight (23 g).

Pasquis et al. (1970) studied acclimatization as a factor that may
enhance the ability to accelerate the heat production. After having been
acclimatized to cold at 6°C the mice could attain the maximum metab-
olism at —10°C while those acclimatized at 30°C did it at —3°C.

The maximum metabolism rate can usually be maintained only for
a very limited period of time. When heat losses exceed the volume of
its production, ensuing energy deficit must lead, sooner or later, to hy-
pothermy. During the measurements taken in He-O, atmosphere at low
temperatures the ability to keep a high level of metabolism varied. At
the lowest temperature (—10°C) the animals were able to keep that
level for no more than 5 minutes after which a decrease in metabolism
followed, accelerated with time.

Similar changes although with varied intensity were observed in other
measurements in He-O, atmosphere. That confirmed observations made
by Rosenman & Morrison (1974). At 1°C in He-O, atmosphere the max-
imum heat production was maintained only by 5 minutes followed by its
drop and hypothermy.

It is then reasonable to assume that a long (continuing even for ma-
ny generations) acclimatization to standard temperature (20°C) maintain-
ed at animal facilities has modified the physiological response of white
mice to thermal stimuli. The results obtained in this study may be thus
quite specific and, accordingly might not relate to the physiology of
>ther rodents of similar size, particularly wild ones.
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METABOLIZM MAKSYMALNY I TERMOREGULACJA
MYSZY LABORATORYJNYCH

Streszczenie

W temperaturach otoczenia od —10 do 32°C mierzono metabolizm spoczynkowy~
(RMR) myszy laboratoryjnych (Mus musculus Linnaeus, 1758). Pomiary wykony-
wano w respirometrze systemu zamknigtego. Oprécz pomiaré6w w powietrzu prze-
prowadzono w temp. 0 i 20°C dwudziestominutowe pomiary w atmosferze 80%.-
He i 20% 02. Taka mieszanina ma znacznie wyzsze przewodnictwo cieplne niz
powietrze, a jej zastosowanie pozwolilo na osiggnigcie maksymalnego metaboliz-
mu w znacznie wyzszych temperaturach otoczenia.

Strefe termoneutralng zaobserwowano w 28°C, najnizszy metabolizm w zakresie-
5—10°C (Ryc. 1). Maksymalna termogeneza; wymuszona atmosferg He-O, wy-
stapila w 20°C o osiggniela warto$¢é 8.3 ccm Oy/gXhr (Tabela 1, Ryc. 1). Zwie-
rzeta przez rbézny okres czasu byly zdolne utrzymywaé wysoki metabolizm
(Ryc. 2).

Stala temperatura ciala byla utrzymywana od wysokich temperatur otoczenia
do 10°C. W nizszych temperaturach obserwowano wyrazny jej spadek docho-
dzacy do 20.4°C po 40-minutowych pomiarach w —10°C (Ryc. 3).

Eksperymenty jeszcze raz potwierdzily, ze myszy laboratoryjne aklimatyzowane-
do warunkéw hodowlanych przez wiele pokolen majg zupelnie zmodyfikowang.
odpowiedZ na bodice termiczne. Ich krzywa termoregulacji jest bowiem w po-
réwnaniu z dzikimi gryzoniami o podobnym ciezarze ciala stosunkowo stroma.



