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15 Suppleme~ntary Notes

This research was conducted under Task AM-A-74-VH--l and AM-E-75-VM-1.

Whe. dbogso of h e by air transport1 they can encounter environmental temperatureE

as ighas 30.1ýqduring the summer months.--Normally, little concern is given to
theeffctsofhyperthermia on animals; however, *Vat-induced hyperthermia can be a
mjrproblem in dogs. To assess some aspects o the heat stress problem, 20 dogs

,Posed to an ambient temperature p 3.OFfr3 ints-Odg tiq
-percena7 relative humidity and 10 at 35/FerceatO-relative humidity. Transient and
permanent changes were seen; however, no dogs died from exposure. All dogs exhibite4
increases in heart rate, rectal temperature, blood.pH, hemoglobin, packed cell
volume, and red blood cell count while bodyeweight and blood carbon dioxide
decreased. There were also differences between the two groups for blood p11, blood
carbon dioxide, rectal temperature, and weight loss. The major histological tissue
changes attributed to hyperthermia were fragmentation of the myocardium, acute
cortical necrosis in the kidneys, and marked degenerative changes in the cerebellum
and cerebral cortex that were considered severe and permanent.

Hyperthermia Hsoahlg oueti vial otepbi
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Iii " A STUDY OF EFFECTS OF HYPERTHERMIA ON LARGE, SHORT-HAIRED

•[MALE DOGS: A SIMULATED AIR TRNPR
S : ENVIRONMENTAL STRESS

4 M.

1N • . Introduction. In the past decade. little lprogress has been Al
•;•'••" :... . . . , ... .... made in studying. the biochemical and histopath-

S• , ~~~In the early 1970's, the general publnet ie t, be k ..-- - . . .
S•" ' - ... . , olowlcal effects of h~ypel'tlerinla on animlals. Itr

• : ~~known that they were concerned about the safe, ....
i•.••l• ;. • .. , . . . ., , is a question, so fai- unanswered., ei what teg-'ee

i•!t ~~~~effcient, ant inuumane trleatmentel of animals (dur- •" ."., . .. , ."•[I;. ," . . . , • •,.., • . , and~ dturation of hVpelrtnerniia will dlamage ut e
-• t:[; . l~ng shipnments by ali" freight. .In 1973 the Special .,•: . . . .,

[• •.• , ,•,• . . ... .. central nervous syvstemn.,, I1 1927, Hlall antd

•:•+• .. . ... . Wakefield1 studied nvyperth~erjui in female (ogp s
Govenmen Oprtos Hos of .ersna ill an environmlent in which the dry-bulb teni-"•'tives, conducted hearings on problems in ail 1- al Ibten 3.'ad110 n
sh p m n o d o e t c a i ls" T e t m n b e- th e . w et-b u ll) tem pera tu re ran ged b etw een 9 5 .0 'f

• .fore tlis com mittee made quite evident that of and 115.,o F. A tr 20,7., mn ue o..;.....f ....... ure,-
S•tie environmental stresses animals call be, exposed tie dIogs' -eta] temlperature.- ranged betweenV
"•3C-•.to during shipment, heat is the miost serious. It 106.01 and 113.40 F. They noted increases in
• has been rep~orted that in anl air carrier onl the blood urea nitrogen (BU.N). sugar. chlorides.

-_I round in the summer. temperature.- may reach lactic acidl, creatinie, and calcium (Ca) and de-
•" "130.00 F or higrher in the cargo compartment.' 17• creases in plasmia carb~on dioxide (CO.-,) conibin-

When .... ... ... ameepsdt abettr- g power. inorganic lphosphate. and .serum pH.

•_: | " . , . ., . , ,. riStOpahllOIgV shlowedt cellular (le~eneration inlSt ~~peratures that exceed t hleir nornmal bdO(y tellipel- r,, ,••" , '" I• Illsth lung, klidney. liver, hleart. an(d Dbrain.
l~i Jacobsen and Hosois used radiothermy on dlogs.Ttul'egreehey experiec yetheraial ninia. de-

in ereo yeterfai naim e Elev'en dogs received single exp~osures ranging
pnds on such factors as humidity. ventilation. from1 37 minutes to 12 hours with resultant nuaxi-

and the aniiimals muscular exertion, hair coat, mum1i~ rectal temperatures of 108.01 t- 111.0o 'F.
Sand physical condition. During~ anl episode Of Of the 11 dog's exposed. 6 died within 40 minutes
•'"hypertherinia, an animial may sht(,w little clinical -after heating. Histopathologry showed changes
•':evidence of hiarin; however, transient and pernia- in tie heart. lung. spleen, grastrointestinal tract.

i nent changes call occur. Because of public con- kidney, and brain. Knudson and Schaible-:

-•" * ern more attention has been gien to the dlog studied Canine physiologrical and biochemical
!•'andi its well-being than to other domestic small changes resulting from exposure to an ultrahigh

anmas frequency fiehld. Exlposure times ranging from
•i ~~~~The dogr, unlike mail, produces little sweat but 30miutsto5 o rs 1mntelsltdi

rectal temp~eratures rangin fro11 104.0" to 109.9' :
, Iromteshea los trouh pntig. y lantng. F. W11eight loss ranged froin 1.9 lpercent to 11.1 .

•tie (log is able to evaporate moisture f romn its lpercent in dlogs. tlat were given no water during
S 'ton.gue and upper respiratory tract. H~owever. treatmenpt. Mlost dog~s were exposed more than
•1"as the relative humidity (RH) increases or when once. The biochemical changes in the blood
S fventilation is inadequ'ate, thifs process b~ecomes were similar to those reported by Hall and

! less effective in dissipating beat. Prolonged ex- WVakefiehld. Hlartman and 'Major,• reported path- .•
M W posure to these factors can tax a dog's ability to ologi Cal changes in feniale dloe, resulting from =

Smaintain a normal body temp~erature, and hecat 5 to 7i hours of exposure -.n 150.00 to 157.0' F ••
•i - [ ~ ~hylerpyrexia or hecatstroke can result.:' and humidities" of 30 ,,r.',•ent to 40 lpercent. The ['

"4' 
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inaxi~num rectal temperatures varied from 106.20 Since we were also studying two humidity
"to 110.4' F. Kanter.' 0 11 in his studies, reported levels (15 percent and 35 percent), there were
exposing unanesthetized female dogs to 120.0' F two groups of 10 dogs. At the time of exposure.
and a hmnidity lower than 20 percent for 4 hours, the 15-percent. group weighed from 44.1 to 54.5
His results, showed hypoglycemia, a fall in plasma lb while the 35-percent groul) weighed from 47.1
phosphate mnd potassium (K) levels, an increase to 69.2 lb. To prevent drug influence, no (log
in plasma sdium and chloride, and an increase received any medication for at least 14 days
in arterial 1)J-I. H-imrinsc exp~osed (logs weighing prior to exposure. and all were in very good
19.8 to 37.4 1P" -o temperature of 100.00, 110.0*. condition at the time of exposure. All were
and 120.00 F and 30-percent humidity until rectal studied individually and unanesthetized. Food
temperatures reached 107.6' F. At each temper- was withheld for 24 hours prior to exl)osure but
ature his results showed increases in blood pH. water was available.
packed cell volume (PCV), oxygen (O), Ca, The (logs were exposed to heat and humidity
and chlorides and decreases in blood CO.. Blood in the Civil Aeromedical Institute environmental
sodium (Na) decreased at 100.00 and 120.00 F chamber. Before each exposure, the proper temr-
but increased at 110.00 F whereas K showed a l)erature and humidity were established in the

decline at 100.00 F, increased slightly and leveled chamber and maintained throughout the expo-
off at 110.00 F, and increased at 120.00 F. sure. One group experienced a. temperature of
Nemoto and Frankello exposed anesthetized dogs 130.00 F at. 15-percent. RH for 30 minutes. The
to temperatures of between 110.00 and 115.00 F second group) was exposed to 130.00 F at 35-
and rectal temperatures reached 104.00, 107.60. percent RH for 30 minutes. The (logs were,
and 109.40 F. Results indicated that blood phl lightly restrained in a sling-type device secured
and O increased and CO decreased at 104.00 to a movable laboratory cart. Heart, rate and
and 107.60 F while pH at 109.40 F decreased to rectal temperatures were monitored and recorded -.z
control levels, at 5-rain intervals. Venous blood samples (10 ml

After reviewing the literature on hyperthernia each) were obtained from a cephalic vein,. using

in clogs, we felt there was a need for further a steile vacuum tube and needle, just prior to
study on biochemical and histological changes in exposure and at 15 and 30 riii of exposure. The
hyperthermia dogs. Our approach was to use a 141, 0.,, and total content of CO were deter-
Shigh environmental temperature, one that could mined wvith an IL Ultra-Micro piH and Blood
Spossibly develop during transport. Since humid- Gas Analyzer. White blood cell counts (WBC).
ity also plays an important role in hyperthermia. PCV, and differentials were determined man-
we used two humidities (one high, one low) that ually. Blood glucose. BUN, Ca, total protein.
iwould be reasonable to expect at such a tenipera- globulins, albumin, cholesterol, serum ghlmatic
ture. The length of exposure was one that could oxalacetic transaminaise (SGOT), total lipids.
reasonably be expected to occur when an animal alkaline phosphatase, hemoglobin (HIb). and red
is at a terminal awaiting transport or between cell counts (RBC) were determinied with a Bio-
flights. dynamics Unimeter 300. Blood determinations

were made as soon as possible after withdrawal.
II. Materials and Methods. A different clog was used for each exposure.

For this study we chose to use large male clogs Each experiment consisted of a 30-main control

lbetween 2 and 7 years of age, short haired, of the period and a 30-mm heat/humidity exposure.
hound/pointer/bird-clog type and body confor- Each clog was weighed at the beginning of the

mation. This size of clog allowed us to withdraw control period. After the control period (am-
volumes of blood without ill effects. All (logs bient 7.2.00 to 76.00 F), each clog was moved

u into the chamber. The chamber was lighted and
were maintained on a dry-food diet plus a vita- well ventilated, and noise was kept to a mini-
minm-mineral supplement. During the condition- nium. Following exposure, the cog was removed
ing period the dogs were immunized against from the chamber, the third blood sample was

canine distemper, canine infectious hepatitis. taken, nmonitoring leads were removed, and the
leptospirosis, and rabies. Internal and external clog was reweighed and ret.,rned to its living
parasites were eliminated, quarters.

2
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Four dogs (two from each humidity group) Tile most consistent and remarkable changes
were sacrificed at 4, 28, 52. 100. and 196 hi after were in the cerebellum, where Purkinje cells
exposure. Immediately after sacrifice they were showed marked degenerative changes ranging
necropsied and brain, heart, kidney, and lung from cell deformity. hyperchromatic cytoplasm,
issues were preserved and later p)repared for and loss of nuclear definition to cytolysis. Many

microscopic examination. specimens showed separation of the glial layer
of Bergmann, oligodendroglial hydropic changes

III. Results. in the deep cerebellar white matter, and frag-

During the control period, -Ml dogs remained mentation of the neuropil in the molecular layer.
calm. About midway of the exposure period. Micriohemorrhages were often seen in the white
most dogs became restless find panted heavily, matter, particularly in the dogs exposed to 35-
Oral mucous membranes became hyperemic. the percent. RI. Some specimens showed slight
sclera became injected, and salivation became conglutination of the internal granular layer and
excessive. Following removal from the chamber, Congestion in the deep cerebellar white matter.
the dogs appeared exhausted, seemed thirsty. and The neurons of the cerebral cortex generally

wanted to lie on the cool cement floor. However, showed deformity. hyperchromatic cytoplasm,
within an hour they appeared to have rec-wered and loss of nuclear definition. In some instances
fully. the neurons retained a degree of cellular integrity

As indicated in Table 1, both the 15-percent- but exhibited satellitosis, glial activity, and early
RH and 35-percent-RH groups showed signifi- signs of degencration. In those specimens show-
cant increases in blood pH, lIi). PCV, and RBC ing more advanced degenerative changes, the
and a decrease in Pvco . The changes for both glial activity appeared to be minimal. All speci-

mnens except one from each group showed evi-
blood Pvco and pH were significantly greater (dence of edema as indicated by a clear zone

M in the 35-percent-RH group than in the 15- around the neurons. sel)aration of neuropil.
percent-RH group. hydropic changes of the oligodendroglia. and

Table 2 presents the temperature and heart. distention of the perivascular spaces. Half the
rate data. There were significant increases in specimens from the 35-percent-RII group showed
rectal temperature in both the 15-percent-RH microlemnorrhages in the cortex and white matter.
and 35-percent-RH groups. In the 15-percent- Following exposure. 9 of the 10 dogs in each
RH group. the rectal temperature of only 1 of group showed degenerative changes in the heart
the 10 dogs was higher than 105.00 F following muscle. Histological examination revealed frag-
exposure. Five of the ten (logs in the 35-percent- mentation of the mvocardiumn in many speci-
RH group had rectal temperatures higher than mens. The myofibrillar striations were poorly
105.00 F and one dog s temperature reached defined and/or al)sent to some degree in all speci-
107.40 F by the end of the 30-min exposure. The . mens except for one from each group. Some
temperature increase was significantly greater in degree of pyknosis of the nuclei was evident in

Sthe 35-percent-RH group than in the 15-percent- more than half the specimens. Microhemorrhages

RIRH group. The heart rate increase(] significantly were often seen in the fissues, but there was no
in both the 15-percent-RH and 35-percent-RIt inflammatory reaction. Fraying and separation

Sgroups. of muscle fibers were frequently seen.
During exposure the mean weight loss for the More than half the dogs showed kidney

15-percent-Rh group was 0.3 lb, or 0.6 percent changes following exposure, and those varied inI of the initial body weight. The 35-percent-RH degree of involvement. In many specimens the
Sgroup lost 0.6 lb, or 1.1 percent of the initial glomeruli were hypercellular. Occasionally,
weight. The weight loss of dogs in the 35- there were congested glomneruli. Bowman's cap-
p percent-RH grouI was significantly rreater sules were dilated to some degree in about halfsru sgiicn tly5-ecetI (p_<0.01) than that of (logs in the 1.-percent- the specimens, and occasionally there was blood
RH group, in Bowman's spaces. In 5 of 10 dogs in the

In order of significance, the following organs 15-1)ercent.-RH group) and 6 of 10 in the 35-
"showed histopathological changes: cerebellum, l)ercent-RH g-oup, the epithelium of the co;,-
cerebral cortex, heart, kidney, and lung. voluted tubules showed degenerative changes that

_N 353
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were suggestive of early cortical necrosis. In Throughout the available literature, we found
the tissues showing tubular necrosis, the clhnges few reports that, histology had been performed
were present as etcrly as 2h' h and as late as 100 h on surviving victims of hyperthermia. Hartman
I)ostexposure. t' ,ne dog necropsied at 28 Ih. and Majors reported histological changes in
the changes we. k. so profound that, in our ex- anesthetized (logs exposed to temperatures of
lperien.3 if the dog had been allowed to live it from 150.00 to 175.00 at 30- to 40-percent RH.
would probably have experienced renal failure. Histological changes in animal tissues have been

The lung from all the exposed (logs s•howed reported by Jacobsen and Hosoi8 and by Morti-
some degree of pathology. Those necropsied at iner" in studies of experimental hyperthermia
i, 28, and 52 Ih revealed more 1u, - changes than induced by ultrahigh frequency oscillators or
these sacrificed at 1-)0 and 196 h. The predomi- high frequency current. Hall and IVakefield'

nai: hi-'rpathologic..l findings were thickening showed that degenerative changes occurred in
a•d cong:t'-11 of the alveoli s.-pti, hemorrhage the brain, heart, kidney, and lung of dogs that 0
and 'or edk to,. *he al.,.,Nlar spaces, , .id engorge- (lied from experimental heatstroke. Malamud
mea.: of v , essels. )ccasionally, a speci- et al." studied 125 fatal cases of heatstroke in
men hao , ia -e or debris _t a few of the military 1)esonnel who had undergone strenuous
1'ronchi. muscular exercise at high temperatures. Ac-

cording to their description, the histopathological
TV. Discussion. changes of the brain and viscera in these cases

kc results of this study showed significant closely l)arallel the changes found in our clogs.
(p__O.01) changes in heart rate, rectal tempera- Freeman and Dumoff.' in their report on cere-
ture, Pvco , blood pH, Hb, RBC. PCV*, and be'lar syndrome following heatstroke in man.

sta. that periods of exposure must be brief
weight that can be related to the exposure en- because at. high temperatures the pathologicalvironment. The effects of humidity produced alterations in the body cells rapidly become Jr-

significant differences between the 15-percent-RII reversible.
and 35-pereent-RH groups for Pvco:, blood pH, In our study, the histopathologicalchangeshi

rectal temperature, and weight loss. Peak ,ieart the brain, heart, kidn V, and lung examined pro-
rate increase occurred in 5 of the 10 clogs of the vided the most interesting and valuable inforna-
15-percent-RH group before the end of the 30- tion. It is our opinion that most of the changes
min exposure whereas 7 of tie 10 in the 35- in tile cerebellum and cerebral cortex are consid-
percent-RH group peaked before the end( of ered s,•'"'gre and permanent and that hlie neuronal
exposure. Although no significant change was changes developed during the period of hyper-
found in BUN, 2 of 10 dogs showed a decrease thermnia. IN v believe the fragmentation of the
in BUN at the 15-percent-RH exposure whereas muyocardium. loss of mnyofibrillar striations, and
7 of 10 at the 35-percent-RH exiposure showed a pkyknotie nuclei are attrilbatable to hylpertherniia.

decrease. Some of the remaining l)arameters In those (lop~s whose kidneys showed acute corti-
showed changes that were not significant. cal necrosis. this was, we believe, related to hyper-

Hezmolysis was also noed in samples from it theria in that none of the (logs experienced any

S few of the (logs exposed to the 35-percent humid- clinical signs of shock. In general. the changes

ity, but the quantity was not. measurable. observed in the hugs were minimal to moderate
lampietro et al.- showed that hemolysis occurred with those necropsied at 100 and 196 hours show-
in dogs exposed to temperatures ranging from ing signs of recovery. We were unable to detect
70.0' to 120.00 F at 50-percent RH for up to 60 any qualitative or quantitative relationship in
min. He states that hemolysis might have been tissue changes between the two humidity groups.
the result of extremely low blood CO_ and/or Although all (logs survived acute hyperthernia
high pH brought about by hyperventilation with no signs of illness, there were histologicalJ and/or high body temperature, changes in the tissues examined.4 6
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V. Conclusions. are at least three anatomical characteristics that
Snshould be considered. First. there is a wide rangeSIn view of the results obtained from this lim-

ited study, we should remember that 130.00 F is of size in breeds weighing from 3 to 175 pounds
on the high side of the ambient temperature and, therefore, considerable variation in the area

scale to which dogs could be exposed during air of body surface exposed. Second, the hair coatsof various breeds dliffer in density, length, and
transport. With a dog's average rectal tempera- ole

remains At texture. Third, the brachycephalic breeds of
tu being 10.5 F, the question sutains: A dogs have short, wi'rrow nasal passages, pen-

what ambient temperature will a dog sust dulous soft palates, and heavily muscled throats-
permanent characteristics that increase the effort of ac-
should not assume that all dogs will respond to celerated breathing during panting. These fac-
a given temperature in the same manner. Aside tors should be studied further before the FAA 3:
from health problems that can influence a dog's can recommend thermal limits for the air trans-
ability to withstand various temperatures, there portation of dogs.44
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