tained on day 7. This volunteer expe-
rienced multiple paroxysms with maxi-
mum fever of 40.8°C and maximum
parasitemia of 3450 parasites per cubic
millimeter of blood. This infection was
terminated with antimalarials because of
the occurrence of daily fevers due to
multiple asexual cycles of the parasite.
However, before treatment, the parasite
was blood-passaged to another volun-
teer, who developed patent parasitemia
by day 6. The infection in this volun-
teer exhibited a quartan fever pattern
through four consecutive paroxysms,
after which daily fever was observed.
Maximum fever of 40.4°C was ob-
served on day 10 and maximum para-
sitemia of approximately 10,000 para-
sites per cubic millimeter on day 14. It
is considered that the course of para-
sitemia and the clinical illness observed
in the latter two volunteers are typical
of P. malariae infections in man and
would rule out the possibility that a
quartan parasite of the owl monkey
might have been inadvertently trans-
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mitted. The establishment of this strain
of P. malariae in a small nonhuman
primate and its transmissibility through
the mosquito further indiate the useful-
ness of the owl monkey in research in
human malaria.

PETER G. CONTACOS

WiLLiAM E. COLLINS
National Institute of Allergy and
Infectious Diseases, Chamblee, Georgia

References

1. M. D. Young, J. A. Porter, Jr., C. M. John-
son, Science 153, 1006 (1966). .

. J. A. Porter. Jr., and M. D. Young, Mil. Med.

131, 952 (1966).

Q. M. Geiman and J. J. Meagher, Nature

215, 437 (1967).

. .P. G. Contacos and W. E. Collins, Science
161, 56 (1968); W. E. Collins, P. G. Con-
tacos, E. G. Guinn, M. H. Jeter, T. M. Sode-
man, J. Parasitol. 54, 1166 (1968).

5. Q. M. Geiman and W. A. Siddiqui, Amer. J.
Trop. Med. Hyg. 18, 35 (1969).

6. M. F. Boyd and W. K. Stratman-Thomas,
Amer. J. Trop. Med. 16, 63 (1936); P. G.
Shute and M. Maryon, Parasitology 41, 292
(1951); M. D. Young and R. W. Burgess,
Amer. J. Hyg. 73, 182 (1961); G. Lupascu,
P. Constantinescu, E. Negulici, P. G. Shute,
M. E. Maryon, World Health Organ. Bull. 38,
61 (1968).

17 June 1969 ]

A WD

Intra-Abdominal Heating of Sheep

Abstract. When electrical heat sources were implanted in the abdominal cavities
of sheep and heated to dissipate 20 to 22 watts of additional endogenous heat
in the animal, a rapid increase in respiratory frequency and respiratory water
loss occurred 3 to 5 minutes after the initiation of heating. The response was
accompanied by a marked decline of the temperature of the hypothalamus, with
an increase of less than 1.0°C in skin temperature over the location of the
heaters in the abdomen. When the same skin area was heated externally in the
absence of internal heating, no significant response was seen. The results support
the concept of the existence of thermoreceptors, located in deep tissues or veins,
which play a role in the regulation of body temperature.

The regulation of the body tempera-
ture of homoiothermic animals is
thought to be mediated largely by a
dual system of neural control involving
the hypothalamus and peripheral skin
thermoreceptors. Evidence has been ac-
cumulating that there is a third major
factor in the integrating system respon-
sible for body temperature regulation,
namely, deep body thermal receptors
(7). There have been few direct obser-
vations, however, to support the con-
cept of deep temperature receptors.
Techniques have been developed in this
laboratory to aseptically introduce elec-

trical heat sources at various sites with- .

in the animal body and leave them for
long periods of time to provide a meth-
od for the study of the effects of addi-
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tional internal heat (2) and how they
may relate to the effects of heat from
an artificial heart. Such stimuli, admin-
istered in conjunction with standard
procedures for the study of thermo-
regulatory activity, constitute a means
of studying the deep temperature re-
ceptor problem. ,

In recent studies on sheep designed
to determine the general physiological
effects of additional endogenous heat,
we have found that marked thermoreg-
ulatory responses occurred upon heating
of the viscera and abdominal wall. Ad-
ditional endogenous heat was intro-
duced over an area of 150 cm?2 be-
tween the viscera and abdominal
wall of sheep (3) while temperatures
at different sites, the metabolic rate,

and the thermoregulatory responses of
respiratory evaporative heat loss and
respiratory frequency were monitored.
Figure 1 is a graph of data recorded
when a ewe (41 kg, closely sheared) was
endogenously heated while being ex-
posed to a constant environmental tem-
perature of 20°C. With intra-abdominal
dissipation of 22 watts of heat during
a 30-minute period (designated by the
arrows labeled endo in Fig. 1), there
occurred a rapid increase in respiratory
evaporative heat loss of 0.5 watt per
kilogram of body weight as shown in the
curve labeled HE. Respiratory frequen-
cy, labeled RF, increased twofold during
the heating period. The most important
response at this time was the rapid
decline of the temperature measured
in the hypothalamus, T\, Wwhereas
vaginal temperature, T, did not change
significantly. It has been demonstrated
conclusively that cooling the hypothal-
amus of the mammal causes the animal
to respond in a physiological manner
that will reduce body heat loss; for
example, in the dog, panting will cease,
and the blood vessels of the ears will
constrict. In our experiments, how-
ever, respiratory frequency increased
while the hypothalamus was cooling.
In the light of our present knowledge
regarding the mechanisms of body
temperature regulation, the phenom-
enon could only occur if the respira-
tory center were driven to increase
its activity by signals from heat-sensi-
tive receptors outside the hypothalamus,
This is the case when sufficient skin
area is heated and thermally sensitive
skin receptors initiate appropriate ther-
moregulatory responses. In our ex-
periments, the temperature of the skin
directly over the heaters located be-
neath the body wall increased approxi-
mately 1°C during the endogenous
heating period (Fig. 1). When this
same skin area was heated 1.5°C by
externally applied electric heaters (des-
ignated by the arrows labeled exo in
Fig. 1), no response in the respiratory
frequency or deep body temperatures
was noted. At 160 minutes in the ex-
periment, the internal heating was re-
peated for a slightly shorter period, and
a similar response of less magnitude
occurred as before. Measurement of
skin temperatures at selected sites over
the rest of the body surface (not shown
in Fig. 1) indicated there were no
significant changes in temperature at
these points during the experiment.
Throughout the time course of these
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experiments, the oxygen uptake by the
animal was continuously monitored.
These data, computerized to give a
continuous reading of metabolic rate,
are plotted at the bottom of Fig. 1.
The metabolic heat production was con-
stant at a normal resting level, an indi-
cation that the sheep was neither pe-
riodically restless nor excited by the
internal heating—either of which could
cause an increase in respiratory fre-
quency.

SHEEP 0.5 WATTS/Kg

RF/MIN
55

45

35

25-

39.6 j
39.2

An increase in respiratory frequency
will produce a greater evaporative
cooling effect on the venous return. The
selective decline of the hypothalamic
temperature without a decrease in deep
body temperature (measured in the
vagina) could be due to countercurrent
heat exchange between the blood sup-
ply from the carotid artery to the brain
and the venous blood returning from
the nasal passages. Daniel et al. (4)
have described an intracranial carotid
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Fig. 1. Response of hypothalamic temperature and respiratory evaporation to intra-
abdominal heating of a 41-kg sheep. Plotted in order from top of figure: RF, respiratory
frequency in breaths per minute; Tsin, average skin temperature directly over intra-
abdominal heaters; 7+, temperature 15 cm within vaginal canal; Ty, temperature
of hypothalamus; HE, respiratory evaporative heat loss; and MR, metabolic rate in
watts per kilogram of body weight. Endo and exo designate periods of internal and
external heating, respectively.
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rete in the sheep located in the cav-
ernous sinus to which Baker and Hay-
ward (5) have ascribed a thermoregu-
latory function in brain temperature
control. The functioning of this ana-
tomical heat exchanger is believed to
be responsible for the depression of
the hypothalamic temperature observed.

The results of the experiments de-
scribed here support the idea that the
internal heat stimulus promoted a ther-
moregulatory response which results
in the loss of body heat, a response not
dependent upon thermal stimulation of
heat-sensitive neurons in the skin or
hypothalamus. The blood from the
body wall and viscera adjacent to the
electric heat sources drained into the
large veins of the abdomen and finally
into the posterior vena cava. It is evi-
dent from the measurement of skin
temperature over the heaters that the
venous drainage from the heated area
underwent an increase of at least 1°C
in temperature, a magnitude quite ade-
quate to stimulate thermally sensitive
receptors that may lie in the body wall,
visceral organs, or in the walls of the
large veins.

From the evidence presented, we
conclude that thermally sensitive neu-
rons located within the deep tissue or
veins of the abdomen were stimulated
by the internal heating to drive a
physiological heat loss response, and
that the drive was sufficient to override,
at least for the short heating period,
the counterdrive that usually would
obtain from the cooling of the hypo-
thalamus. The thermally sensitive neu-
rons may play a role in the control
of body temperature, their output may
provide information regarding the tem-
perature level of deep tissues of the
body—information that would not oth-
erwise be available until warmed, re-
circulated blood affected thermoregu-
latory neurons of the brain.

R. O. Rawson
K. P. Quick
R. F. CouGHLIN
John B. Pierce Foundation
Laboratory, 290 Congress Avenue,
New Haven, Connecticut 06519
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