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‘A STUDY OF EFFECTS OF HYPERTHERMIA ON LARGE, SHORT-HAIRED
MALE DOGS: A SIMULATED AIR TRANSPORT
ENVIRONMENTAL STRESS

I. Introduction.

In the early 1970’s, the general public let it be
known that they were concerned about the safe,
efficient, and humane treatment of animals dur-
ing shipments by air freight. In 1973 the Special
Studies Subcommittee of the Committee on
Government Operations, House of Representa-
tives, conducted hearings on problems in air
shipment of domestic animals.’” Testimony be-
fore this committee made quite evident that of
the environmental stresses animals can be exposed
to during shipment, heat is the most serious. It
has been reported that in an air carrier on the
ground in the summer, temperatures may reach
180.0° F or higher in the cargo compartment.* ** **

When animals are exposed to ambient tem-
peratures that exceed their normal body temper-
atures, they may experience hyperthermia.’
The degree of hyperthermia in an animal de-
pends on such factors as humidity, ventilation,
and the animal’s muscular exertion, hair coat,
and physical condition. During an episode of
hyperthermia, an animal may show little clinical
evidence of harm; however, transient and perma-
nent changes can occur. Because of public con-
cern more attention has been given to the dog
and its well-being than to other domestic small
animals.

The dog, unlike man, produces little sweat but
promotes heat loss through panting. By panting,
the dog is able to evaporate moisture from its
tongue and upper respiratory tract. However,
as the relative humidity (RH) increases or when
ventilation is inadequate, this process becomes
less effective in dissipating heat. Prolonged ex-
posure to these factors can tax a dog’s ability to
maintain a normal body temperature, and heat
hyperpyrexia or heatstroke can result.”

In the past decade, little progress has been
made in studying the biochemical and histopath-
ological effects of hyperthermia on animals. It
is a question, so far unanswered, of what degree
and duration of hyperthermia will damage the
central nervous system.’® In 1927, Hall and
Wakefield* studied hyperthermia in female dogs
in an environment in which the dry-bulb tem-
perature ranged between 131.0° and 141.0° F and
the wet-bulb temperature ranged between 95.0°
and 115.0° F. After 20-75 minutes of exposure,
the dogs’ rectal temperatures ranged between
106.0° and 113.4° F. They noted increases in
blood urea nitrogen (BUN), sugar, chlorides,
lactic acid, creatinine, and calcium (Ca) and de-
creases in plasma carbon dioxide (CO,) combin-
ing power, inorganic phosphate, and serum pH.
Histopathology showed cellular degeneration in
the lung, kidney, liver, heart, and brain.

Jacobsen and Hosoi® used radiothermy on dogs.
Eleven dogs received single exposures ranging
from 37 minutes to 12 hours with resultant maxi-
mum rectal temperatures of 108.0° to 111.0° T.
Of the 11 dogs exposed, 6 died within 40 minutes
after heating. Histopathology showed changes
in the heart, lung, spleen, gastrointestinal tract,
kidney, and brain. Knudson and Schaible*
studied canine physiological and biochemical
changes resulting from exposure to an ultrahigh
frequency field. Exposure times ranging from
30 minutes to 5 hours 15 minutes resulted in
rectal temperatures ranging from 104.0° to 109.9°
F. Weight loss ranged from 1.9 percent to 11.1
percent in dogs that were given no water during
treatment. Most dogs were exposed more than
once. The biochemical changes in the blood
were similar to those reported by Hall and
Wakefield. Hartman and Major® reported path-
ological changes in female dogs resulting from
5 to 7 hours of exposure at 150.0° to 157.0° F
and humidities of 30 percent to 40 percent. The
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were suggestive of early cortical necrosis, In
the tissues showing tubular necrosis, the changes
were present as early as 28 h and as late as 100 h
postexposure. In one dog necropsied at 28 h,
the changes were so profound that, in our ex-
perience, if the dog had been allowed to live it
would probably have experienced renal failure.

The lung from all the exposed dogs showed
some degree of pathology. Those necropsied at
4, 28, and 52 h revealed more lung changes than
those sacrificed at 100 and 196 h. The predomi-
nant histopathological findings were thickening
and congestion of the alveoli septi, hemorrhage
and/or edema in the alveolar spaces, and engorge-
ment of the blood vessels. Occasionally, a speci-
men had hemorrhage or debris in a few of the
bronchi.

IV. Discussion.

The results of this study showed significant
(<0.01) changes in heart rate, rectal tempera-
ture, Pveo, blood pH, Hb, RBC, PCV*, and

weight that can be related to the exposure en-
vironment. The effects of humidity produced
significant differences between the 15-percent-RH
and 35-percent-RH groups for PVCOZ, blood pH,

rectal temperature, and weight loss. Peak heart
rate increase occurred in 5 of the 10 dogs of the
15-percent-RH group before the end of the 30-
min exposure whereas 7 of the 10 in the 35-
percent-RH  group peaked before the end of
exposure. Although no significant change was
found in BUN, 2 of 10 dogs showed a decrease
i BUN at the 15-percent-RH exposure whereas
7 of 10 at the 35-percent-RH exposure showed a
decrease. Some of the remaining parameters
showed changes that were not significant.

Hemolysis was also noted in samples from a
few of the dogs exposed to the 35-percent humid-
ity, but the quantity was not measurable.
Tampietro et al.” showed that hemolysis occurred
in dogs exposed to temperatures ranging from
70.0° to 120.0° F at 50-percent RH for up to 60
min. He states that hemolysis might have been
the result of extremely low blood CO, and/or
high pH brought about by hyperventilation
and/or high body temperature.

Throughout the available literature, we found
few reports that histology had been performed
on surviving victims of hyperthermia. Hartman
and Major® reported histological changes in
anesthetized dogs exposed to temperatures of
from 150.0° to 175.0° at 30- to 40-percent RII.
Histological changes in animal tissues have been
reported by Jacobsen and Hosoi® and by Morti-
mer*® in studies of experimental hyperthermia
induced by ultrahigh frequency oscillators or
high frequency current. Hall and Wakefield*
showed that degenerative changes occurred in
the brain, heart, kidney, and lung of dogs that
died from experimental heatstroke. Malamud
et al* studied 125 fatal cases of heatstroke in
military personnel who had undergone strenuous
muscular exercise at high temperatures. Ac-
cording to their description, the histopathological
changes of the brain and viscera in these cases
closely parallel the changes found in our dogs.
Freeman and Dumoff,® in their report on cere-
bellar syndrome following heatstroke in man,
state that periods of exposure must be brief
because at high temperatures the pathological
alterations in the body cells rapidly become ir-
reversible.

In our study, the histopathological changes in
the brain, heart, kidney, and lung examined pro-
vided the most interesting and valuable informa-
tion. It is our opinion that most of the changes
in the cerebellum and cerebral cortex are consid-
ered severe and permanent and that the neuronal
changes developed during the period of hyper-
thermia. We believe the fragmentation of the
myocardium, loss of myofibrillar striations, and
pyknotic nuclei are attributable to hyperthermia.
In those dogs whose kidneys showed acute corti-
cal necrosis, this was, we believe, related to hyper-
thermia in that none of the dogs experienced any
clinical signs of shock. In general, the changes
observed in the lungs were minimal to moderate
with those necropsied at 100 and 196 hours show-
ing signs of recovery. We were unable to detect
any qualitative or quantitative relationship in
tissue changes between the two humidity groups.
Although all dogs survived acute hyperthermia
with no signs of illness, there were histological
changes in the tissues examined.



V. Conclusions.

In view of the results obtained from this lim-
ited study, we should remember that 130.0° F is
on the high side of the ambient temperature
scale to which dogs could be exposed during air
transport. With a dog’s average rectal tempera-
ture being 101.5° T, the question remains: At
what ambient temperature will a dog sustain
permanent damage from hyperthermia? We
should not assume that all dogs will respond to
a given temperature in the same manner. Aside
from health problems that can influence a dog’s
ability to withstand various temperatures, there

are at least three anatomical characteristics that
should be considered. First, there is a wide range
of size in breeds weighing from 8 to 175 pounds
and, therefore, considerable variation in the area
of body surface exposed. Second, the hair coats
of various breeds differ in density, length, and
texture. Third, the brachycephalic breeds of
dogs have short, narrow nasal passages, pen-
dulous soft palates, and heavily muscled throats—
characteristics that increase the effort of ac-
celerated breathing during panting. These fac-
tors should be studied further before the FAA
can recommend thermal limits for the air trans-
portation of dogs.
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