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TELEMETERING IN THERMOBIOLOGY: A STUDY OF
MAMMALIAN HAIR

STANLEY D. DAVIS
Engineering Design Center

Case Western Reserve University
Cleveland, Ohio

Summary    An evaluation of the effectiveness of hair as insulation in a cold
environment was performed using radio telemetry. Two adult male rats, telemetered for
deep body temperature, were placed in an 18EC environment. After five days of
monitoring temperature, food intake and body weight, each animal was shaved of all hair
and observed an additional five days. Following shaving, both rats increased food intake,
lost weight and showed lowered mean daily body temperatures, though in only one was
the latter significantly lower. The increased metabolism after shaving was estimated to
be between 25.2% and 51.1% greater than the preshave value in one animal, and between
23.4% and 32.9% in the other. The lowest increases were recorded in the rat tolerating
the lower mean temperature. On the basis of food intake alone, metabolic demands of the
shaven rats at 18EC were shown to be equal that of normal rats at 12EC. The advantages
of using telemetry and continuous monitoring of temperature is discussed with regard to
the results of this experiment.

Introduction    Hair plays an important role in many mammalian species by providing
insulation to conserve body heat in cold environments. Below the zone of thermal
neutrality, a mammal must expend energy to maintain normal body temperatures. The
amount expended is dependent upon the animal’s ability to minimize loss of metabolic
heat to the environment. While man’s understanding of the thermal properties of hair no
doubt dates from its early incorporation into the human wardrobe, there have been
relatively few quantitative studies on the effectiveness of hair as insulation. Comparative
studies on the degree of insulation amongst mammals reveals an increase in species that
live farthest from the equator (Scholander13). Barnett1 concluded that hair serves an
insignificant role in small mammals in cold environments, however, his use of excised
mouse skin and hair for his study raises the question of relevance of his findings to live
animals.- Hildwein and Champigny7 compared metabolism and water evaporation in
normal and genetically hairless rats at various ambient temperatures, and Hosek and
Chlumecky8 did likewise with normal and hairless mice. Both noted significantly
increased metabolic rates in hairless individuals, but use of genetically aberrant strains
may have introduced other thermoregulatory factors besides hair into their results. The



present paper reports on an experiment in which rats, telemetered for body temperature,
were shaven of all hair while maintained in a cold environment.

The application of telemetry techniques to studies in thermoregulation permits
acquisition of important data on the behavior of temperature throughout an entire
experiment. Reliable long-term temperature data can only be derived with methods
affording minimal interference to the physiology and behavior of experimental animals.
Conventional measurement of body temperature has been shown by Miles12 to greatly
affect normal temperature rhythms and can result in the recording of abnormal values.
The effectiveness of long-term temperature telemetering has been demonstrated by
Essler and Folk4, Folk 5, Davis3 and others with both laboratory and wild animals. In
view of recent developments in implant biotelemetry (Ko and Neuman11) and its
increasing availability from both commercial and noncommercial sources, the
incorporation of telemetry as a standard physiological tool should become a reality in the
near future.

Materials and Methods    A temperature telemeter comprising the K-6 and M-3
modules developed in the Microelectronics Laboratory for Biomedical Sciences at Case
Western Reserve University was successfully implanted in two male, Zivic-Miller white
rats, weighing 380 g and 474 g respectively. The K-6 transmitter is a high sensitivity,
single channel hybrid integrated circuit FM transmitter. For temperature sensing
applications it is driven by the M-3 module, an ultra-low duty cycle free running
multivibrator whose off -time or pulse rate is determined by ambient temperature. The
combined K-6, M-3 telemeter, while of small physical dimension, is capable of
providing reliable long-term temperature data over distances up to 25 feet. The
transmitter is powered by two mercury cells and is equipped with a magnetic switch for
turning the unit on and off. The telemeter was encapsulated in a heat sealed glass
envelope, which is currently being developed in  The Center for Study of Materials at
Case Western Reserve University (Figure 1). Prior to implantation in the peritoneal
cavity of each rat (Figure 2), the telemeter was calibrated in a water bath using a mercury
thermometer capable of 0. 050C resolution.

The telemetered signal was received on a Heath GR-98 receiver. Due to the narrow
bandwidth of this receiver and slight drifts in carrier frequency as a result of changes in
body temperature, difficulties in tracking the carrier frequency were avoided by
intentionally detuning the receiver and relying on reception of any part of the wide band
RF spectrum generated by the telemeter in its pulsed operation. Since such signals are
inherently weaker than those immediately in the region of the carrier frequency, a high
gain amplifier was incorporated for attenuation. The signal was then fed into a
monostable multivibrator which converted the short transmitted pulses into wider fixed
duration pulses. These, in turn, were integrated to give a DC output characteristic of 



body temperature. Temperature records were numerically evaluated at ten minute
intervals and daily averages calculated from these values.

Following a one week recovery period after implan ation, each rat was placed in an
environmental temperature of 18EC ± 1EC. Continuous deep body temperatures, daily
body weight and food intake were recorded for five days, after which each rat was
shaved of all body hair. These measurements were continued for the next six days.

Results and Discussion    Data from this experiment is summarized in Table 1. Results
show that in both cases mean daily body temperature was lower following shaving, but
only in the second case, the 474 g rat, was it significantly lower. Body weight, which
was increasing prior to shaving, declined after shaving, but to a greater extent in the
smaller than in the larger rat. Likewise, food intake increased in both animals following
shaving, but not as much with the larger as with the smaller animal.

Although no direct measurements of metabolism were made during the experiment, it is
possible to calculate from the available data the approximate effects shaving had on this
parameters. Based upon a caloric food value of 1.6 kcal per gram (Purina Laboratory
Chow), mean daily intake before shaving was equal to 49.9 + 3.5 kcal/day and 48.2 + 5.9
kcal /day for the 380 g and 474 g rat respectively. Following shaving these values
increased to 62.5 + 6.4 kcal/day and 59.5 + 5.8 kcal/day respectively. This represents an
increase of 25.2% in the 380 g rat and 23.4% in the 474g rat. These percentages remain
approximately the same whether the values are determined according to kg3/4 body
weight (Kleiber10), kg2/3 body weight (Benedict2, Kleiber9), or m2 body surface
(Herrington6). Since there was no apparent change in the dry weight ratio of food intake
to feces produced before and after shaving, it can be assumed that efficiency of food
utilization remained the same, and that the above percentages can be taken to represent a
major part of increased metabolic demand incurred in the absence of hair. These values
are lower than those cited by Hildwein and Charnpigny7, who shows a 38.6% higher
metabolic rate (BMR) in Genetically hairless rats over normal rats, and Hosek and
Chlumecky8, who show a 50% higher O2 consumption in hairless than in normal mice.
Part of this difference may relate to the utilization of stored energy, as evidenced by the
weight loss observed in each animal which was not included in the above calculations. If
it can be assumed that the majority of this loss was due to metabolism of fat, then, at 9.3
kcal per gram fat, this would represent an additional metabolic increase of 13.0 kcal for
the 380 g rat and 4.6 kcal for the 474 g rat following hair removal. Added to the values
for ingested food this equals an overall metabolic increase of 51.1% for the former and
32.9% for the latter. Although these figures come closerto those reported inthe literature,
they must be considered high since utilization efficiency of the ingested food and exact
nature of the weight loss are not known.



Herrington6 measured metabolic rates of rats at various temperatures above and below
the thermal neutral zone. For temperatures below this zone he gives the following
formula:

kcal/m2/day = 1879 -43.2 T, where T = temperature (EC).

At 18EC this calculates to 1101 kcal/m2/day. Increasing this value by the percentages
noted for food intake only and solving for T, it is found shaving had an equivalent effect
to placing the 380 g rat in an amibient temperature of 11.6EC and the 474 g rat at
12.0EC.

It is apparent from the above data that each animal behaved in a somewhat different way
to cold exposure. Following shaving the 380 g rat showed no significant lowering of
mean deep body temperature. Having lost an important insulating mechanism when
shaven, this rat drew heavily upon stored food reserves and greatly increased its food
intake. The 474 g rat, in comparison, drew considerably less upon stored reserves and
increased food intake to a much lesser extent by tolerating a significant drop in its mean
daily deep body temperature. This latter response is certainly the most interesting of the
two, for it illustrates the advantage of a lowered body temperature at times of high
metabolic demand. Hibernation, torpor and other forms of hypothermia clearly show this
advantage, but in a much more pronounced way. Whether this drop of 0.2EC denotes a
savings of 1.8% (food intake alone), 18.2% (food intake and weight loss) or some value
in between when compared with the response of the other animal, it can, nonetheless,
represent a sizable advantage to an animal at times when it can ill afford the metabolic
expense.

The use of telemetry in determining the mean daily temperatures of the animals in this
study illustrates the advantage of continuous temperature monitoring. A single daily
measurement made in the conventional, and often traumatic, way would have revealed
little about the thermoregulatory behavior of either rat. Such a measurement would have
represented only one small part of a time changing variable whose day-to-day behavior is
not always predictable (Davis 3). Continuous monitoring, on the other hand, showed the
exact nature of the thermoregulatory response in each rat and revealed a difference which
might otherwise have passed unnoticed.
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TABLE I

SUMMARY OF DATA

380 g rat 474 g rat

Mean Deep Body Temperatures (EC)   

preshave
postshave
Significance level

37.1E ± .09
37.0E ± .10
p > 10%

37.1E ± .12
36.9E ± .10
p > 2%

Mean Daily Body Weight Changes
                (grams/day)                     

preshave
postshave

+ 4.5
- 1.4

+ 4.0
- 0.5

Mean Daily Body Weight Changes
        (% total body weight)             

preshave
postshave

+ 1.2
- 0.4

+ 0.8
- 0.1

Mean Daily Food Intake (grams/day)

preshave
postshave

31.2 ± 2.5
39.1 ± 4.0

30.1 ± 3.7
37.2 ± 3.6

Mean Daily Food Intake
   (% total body weighs   

preshave
postshave

  8.2
10.3

6.0
7.4



Fig. 1 - Glass capsule containing K-6, M-3 temperature telemeter. A powdered
desiccant was included in the capsule to absorb residual moisture.

Fig. 2 - Glass capsule after 3 months implantation. Notice the absence
of connective tissue formation




