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The Ear Lobes of Rabbits as a Site of Body
Temperature Regulation
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THE roL® of the ear lobes on body lemperature regulation was.
| demonstrated by covering the ear lobes by either polyethylene
plastic, bags, felt pad, vaseline or also by cutting (he ear lobes
totally. Body temperature increased till the end of the experiment
due to ear lobe cut, also skin and hair temperatures increased by
the same {reatment. Polyethylene plastic, felt pad and vaseline
coating also caused an increase in the same previous physiological
hody reactions followed by the control group respectively. Also
respiration and pulse rate increased significantly according to
previous treatments. This showed that the ear lobes play an
important role in body temperature regulation in the rabbits.

The size of the whole animal and its appendages are physical factors which
affect heat dissipation from its body. The rabbits reared at 28.3° C. have larger
ears to provide them with a wide surface practically hairless, for non-evapora-
tive cooling as well as evaporative cooling, Rabbits in warmer zones have
larger ears than in the arotic (Johnsen ef al., 1957). These findings agree
with  Allen’s rule (1977). This rule relates the size of appendages to the
climate (Brody, 1945). Harrison ef al. (1959) and Chevillard e al, (1962}
agreed uypon this phenomenon.

As evaporative cooling is the principal channel of heat loss at high envir-
omental temperatures, pulse rate may also, indirectly, reflect a homothermic
attempt to dissipate the body heat by increasing more blood in the periphery
(Johnson et al., 1957; Davson, 1960; Konradi, 1960 and Schmidt-Nielson,
1964). Horoux and Plerre (1957) stated that short exposure to cold (6°C.
for two hr) had no effect on the wvascularization of any organ of the 30°C.
acclimated white rats. Meanwhile, the cold acclimated animals (6°C) prody-
ced 12 folds increase in number of opened capillaries indicating a higher meta-
bolism. Gilson (1950) reported that acclimatization of albino rats to cold
air (4°-6°C) produced some circulatory and endocrine variations. Protra-
cted exposure resulted in systolic hypertension and peripheral vascylar deren-
gments. Jacobson (1958) stated that peripheral vasoconstriction indicated
by conductance measurements was induced by constant low body temperature
and the degree being a function of the level of temperature. Johansen ('1962)
found that subjecting muskrats to a positive heat blood by general body
heating or following exercise, raised the tail skin temperature to 35°-37°C,
Tail blood flow increased concomitantly by a factor more than 400 times. The
vasodialation and subsequent incresse in tail blood flow prevented heat ace
cumulated and incerased rectal temperature. The blocking of the tail nerve
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‘at maximum blood flow led to a prompt decrease in {ail temperature and a
rapid increased in rectal temperature. The authors alse concluded that the
muskrat tail is an indispensible heat exchanger, and that the consicoys changes
in the tail blood flow are mediated through a sympathetic vasodialator mech-
anism. Rats acclimated indoor to 18°C. and5°C for 3 months show the same
increase in the number of opened capillaries of the ears to that acclimated to 30
°C. and to controls acclimated to Summer and winter cutdoor rats (Horous,
1959). Grant (1950) showed that rabbits restrained in normal postureby
enclosure in a loosely fitting wire mesh cage showéd hypothelmic features.
The effect was due to pardoxical activation of heat loss mechanisms which
‘was polypnea and ear vasodialation. Meanwhile, Grant (1963) observed
that the vessels of the rat’s ear lobe did not dilate in response to body warming
or to sympathetic nerve actino, Honda et al. (1963), Suggested an equation
for the relation between skin temperature and blood flow in the rabbit ear
as foollows :

. FTy + Ky T,

Fy = K; — K,¢ — aF or L= K, - F

where Ty is skin temperature ;

f is peripheral blood flow

Tk is rectal temperature ;

T, is room temperature, and

K;, K, K, and a are constants,
The constants vary with ambient temperature.

Material and Methods i

This work has been carired out in the Poultry Research Station, Faculty
of Asticulture, Cairo University, Giza, Fgypt, at August. Egyptian native
White “Giza® rabbits weight 3 to 4 kg on the average lor males and females
respectively were used. Animals were housed individyally in a brick battery
concrete building and were fed on concentrate ration composed of wheat
bran and barley. Egyptian clover during winter, and shopped green maize
leaves during summer were supplied.

Body temperature was measured by inserting the clinical thermometer
tectally for one minute.  Skin, hair and ear lobe temperatures were measured
by a thermocouple of pointed probe while respiration and pulse rates were
estimated by a manual counter.

Five grouns of male adult white “Giza’® rabbits were used for this
experiment during August (1963.) The ear lobes of the first three groups were
covered tightly with polyethylene plasiic bagun felt pad and vaseline respec-
tively. The fourth group ear lobes were cut without anaesthesia avoiding
severe bleeding by sealing the main ear lobe blood vessels and using
'collodion solution. The animals of the fifth groups were kept normal as
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control group. Air temperatue, body temperatue. skin and hair temperatures.
of the back, respiration rate and pulse rate were taken, once before
experiment and directly after treatment every ten minutes, from 7 a m. til §
p.mi. for every individual,

Besulés and Discussion

Many authors (Brody, 1945; Dulkes, 1953, Johnson et ol 1957-1958;
Davson, 1960 and Konradi,1 960) have emphasized the role of the rabbit’s eqr-
lobes in the regulation of body temperature. Studies have revealed the special
arrangement and structure of the vascular bed and the vasomotion control
of blood supply (o the ear lobe.

The present experiment was carried oyt to demonstrate the part played
by the ear lobe in heat dissipation and the different channels of heat
loss. Several techniques were experimented to hinder the car lobe action
(vaseline, polyethylene plastic and felt pad of the ear pinnae), or (o abolish
it totally (ear lobe cutting). The reactions of the animals under these different
conditions were recorded at successive hour intervals of ten hr. Body
temperature did not vary form normal (control) by covering ear lobe with
vaseline (Table 1). Cutting ear love induced the greater imcrease in body
temperature followed by felt coating at the first two hr of the experiment
and polyethylene plastic coating in the last hr of experiment (Table 1).
These results indicate obviously the assessment of both channels of heat
dissipation by ear lobe, that is water evaporaion and both radiation and
convection. Cutting ear lobe whicsh abolishes these two channels increased
body temperature by 0.7°-0.9°C,  Felt coating seems to affect radiation and
convection more than evaporation which can be observed from Table (1) as
the great increase in body temperature at the beginning of the experiment was
0.3°. while it was only 0.1° at the end of experiment. QOp the contrary,
polyethylene plastic coating seems to affect greatly water evaporation which
Is the major channel of heat dissipation at the end of the experiment,
Accordingly, the increase in body temperature was 0.2°C. at the first period,
while it was 0.5°C. at the terminal period (Iig. 1).

Skin and hair temperatures increased slightly in control group by
time sequence and air temperature incregse along the day. Also, rapid and
higher increase occurred in all treated groups (Table 1). The rate of this increg-
se was the lowest in vaseline group followed by flet, polyethylene plastic and
ear lobe-ectomized groups respectively,

Respiration rate increased greatly in all treated groups by the same rate
after one hr treatment and the rise continued until ten hr in the same:
trend, except for the vaseline group which decreased slightly (Table 1). This
increase in respiration rate is the major physiological reaction for controlling
body temperatur to be constant (Brody, 1945 ; Johnson er al,, 1957-1958
and Davson, 1960). The increase in skin and hair temperatures and respira-
tion rate of the treated groups in comparison to that of the control group was
greater at the start of the experiment in the morning than atthe end of the
experiment at the evening. This means that the treatments of the ear lobe
were more effective at low air temperature (26°C) than at high temperatyre:
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TABLE 1, Effect of ear lobe temperature on body reaction of rabbits
during the diffierent howrs of the day
Polyeihy- Ear
items Treatment results Contrel |Vaseline | Pad lene loke
Plastic cut
Change after 1 hr treat-
Body temp. ment . . . o. - ... 0.0 0.0 0.3 0.2 0.7
Change after 10 hr treat-
ment & - 6 e e = v . 0.0 0.0 0.1 0.5 0.9
Change after 1 hr treat-
ST & W g e | 0.1 0.5 0.7 0.7 0.9
Change after 10 hr treat- |
Skin temp. ment « . .0 e s e 0.3 0.3 0.7 0.9 1.0
Change in treated/conirol
LEE & o o e ou e — 5.0 7.0 7.0 9.0
Change in treated/control )
TOUEE 10y oy m bt w onese g8 ik 1.0 2.3 3.0 3.3
Change after 1 hr treat- )
ment .+ « o« o+ o= e o« o= . 0.5 0.9 T.6 1.7 1.9
Change after 10 hr treat-
Hair temp. Mt o 5o = 0 & w0 1.8 3.2 = Wy 3 4.0
Change in treagted/control
1 BE . o 2R i [— 1.8 %) 35 3.8
Change in {reated/control
10y v 5ol @ s s ; —_ 1.8 1.5 21 2.k
Change after 1 hr treat-
menE: 5 5 s & w0 s 8.0 98.0 79.0 100.0 95.0
Change after 10 hr treat-
Respiration 11151 1 17.0 83.0 95.0 97.0 92.0
rate Change in treated/conlrol
Thet v v on soaie 0w w — 12.3 12.1 12.5 12.0
Change in treated/control
0B o 0w s e — 4.9 5.6 5.7 5.4
Change after 1 hr treat-
ment . o« o4 ... .. . 2.0 48.0 60.0 52.0 27.0
Change after 10 hr trea-
Pulse rate ment . .- e e s os o s 2.0 53.0 65.0 61.0 31.0
Cha{lge in Treated/control o 24.0 30.0 26.0 135
1 hr 2
Change in treated/control- —_ 26.5 32,5 30.5 15.5
IR s o o omew e
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¢4, C) and this result may indicate that the ear lobes are the primary
site ofrheat regulation in rabbits. They shear the major part in body tempe-
-rature egulation at the fairly low temperature and so saving a good partof the
activity of the other participants, skin, hair and respiratory system. However,
.at high temperature all systems are at full work in heat regulation especially
‘that concerned with water evaporation from the respiratory system. The perce-
ntage of heat loss due to ear lobe participation at different-environmnental
temperatures, and the critical high temperature at which ear lobes come to
the lowest effect need further study (Table 2, 3, 4, 5 and 6}.

Pulse rate also increased in all treated groups and the rate of increase was
-greater after ten hr than after one hr (Table 1). The increase in pulse
rate of ear lobe-cctomized rabbits was about half of the other treated groups
due to the lack of great peripheral vasodialatation in the ear lobe-ectomized
rabbits.

In conclusion it could be stated due to this experiment that the ear lobes
.are not so important in body temperature regulation the ear lobes are not so
important in body temperature regulation at high environmental air tempera-
ture. This is against the general idea of the high importance of ear lobe
in heat regulation.

By F test, all physiological body reactions showed highly significant diff-
.erences according to ear lobe treatment and time sequence except body tempe-
rature differences which were significant at 5%, level of probability for ear
dobe and not significant for lime sequence(Table 2).

TABLE 2. Mean values of body temp. of the different treatments of ear lobe,

-—TTE%T Control Vasline | Feit paa | © O Jpinriene Bar lobe

Before exp, 39.7 39.8 39.8 39.7 39-7
1 39.7 39.8 40.1 39.9 40.4
2 39.6 39.7 40.1 39.9 40.1
3 39.7 39.6 39.9 40.1 40.1
4 39.7 39.6 392.8 40.2 40.3
3 39.8 39.7 39.9 40.2 40.5
L] 39.7 39.6 39.8 40.2 40.5
7 39.8 39.7 39.9 40.1 40.5
8 39.7 39.8 39.9 40.1 40.6
9 39.7 39.8 39.9 40.1 40.6
10 | 39.7 39.8 399 40.2 40.6
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TABLE 3. Mean valus of body temps of skin of back
__'E‘reat. Control Vasline Felt pad Polyethelene| Ear Iobe
Time hr Plastic -
before exp. 39.0 39.0 39.0 38.9 38.9
1 39.1 39.5 39.7 39.6 39.8
2 39.2 39.3 39.8 39.6 39.7
3 39.1 39.2 39.8 39.6 39.7
4 39.2 39.1 39.6 397 39.7
5 39.3 39.3 39.5 39.7 39.8
6 I 39.3 39.2 39.4 39.6 40.0
7 39.3 39.2 39.6 39.7 40.0
g 9.4 39.2 39.5 39.8 40.0
9 39.4 39.3 39.8 39.8 40.0
10 39.3 39.3 39.7 39.8 39.9
TABLE 4., Mean valués of bedy temp. of Bair temperature
Before | 33.8 32-8 32.7 32.5 32.5.
1 34.3 33.7 4.3 34.2 34.4.
2 35.5 34.2 34.7 34.0 34.4
3 35.3 34.2 35.1 34.8 4.7
4 35.6 34.2 35.1 35.1 35,2
5 35.2 35.0 35.0 35.3 35.0.
8 35.3 35.2 35.3 35.6 35.9
7 35.8 35.4 35.2 35.5 36.2.
2 35.9 -36.0 35.5 36.1 36.3
5 35.6 36.1 35.5 36.0 36.6
10 35.6 36.0 35.4 36.2 35§
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TABLE 5. Means values of body temp. of respiration rate

____'I’reat. Control Vasline Felt pad Pogrgt:}gieene Em;:ll;:] =

Time hr

Before. 227 224 224 221 219

i 235 322 321 300 314

2 235 320 326 310 285

3 236 205 319 319 283

4 233 286 304 321 290

5 232 286 308 312 306

6 232 286 313 312 295

7 245 298 303 316 292

8 247 304 306 324 288

9 235 300 296 313 207

10 244 307 319 318 31

TABLE .6 Mean values of body temp. of pulse rate

Before 245 264 248 252 263

2417 312 308 304 295

2 246 31 313 300 284

3 245 295 311 320 289

4 238 284 302 319 297

= 245 251 300 302 206

6 249 287 300 309 294

7 253 286 285 317 292

8 251 304 285 315 294

9 247 315 206 311 302

10 247 317 313 313 299
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TABLE 7. Analysis of variance for white male ““Giza® rabbits as influenced by
ear lobe treatment, time sequence and air temperatore classes,

Source of varistion D.F. Sum of Mean 13
Items squares squares value
Ear lobe treat. . . . . . 4 147.46 36-87 | 2.25%
Body | Time Sequence - - . - . . 9 127 0.81 0.05
temp. | Air temp, ciasses . . . . 10 54.89 5.49 0.34
BITOE w o om menis o @ % & v 1236| 20045.16 16.22 —
Ear lobe freat . . . . . 4 §7.23 21.81 1g-17%%
Skin | Time sequence. . . . . . 9 36.73 4.08 3.03%+
temp. | Air temp. classes . . . . 10 13.79 1.38 1.02
Erfor « . « . . . .. . . 1236 1670.33 1.35 —
Ear lobe treat. . . . . . 4 96.06 24.02 56.24%*
Hair | Time sequence . . . . . . 9 109.04 12:12 2R, 33w
temp. | Air temp. classes . . . . 10 530.94 53.09 124.39%
BIfos « v o o soa o 5w g 1236 527.49 0.43 -
Ear lobe treat, 2 A 4 | 909279.67 | 224819.92 403, 47%%
Resp. | Time sequence . . . . . . 9 30781.00 3420.11 6.12%%
rate Air temp. classes . . . . 10 366050.49 36605.05 65.69%%
EBrrof = e 5 b e a6 5 om 1236 688800.59 557.28 -_—
Pulse | Ear lobe freat. . . . . . 4 | 719683.82 | 179920.96 501.40%**
rate Time sequence . . . , . ) 11771.45 1307.45 303, 63%*
Air temp, classes . . . . 10 | 212894.13 21289.41 59 .33
BIESY o w5 o0 cenme w0 w3 0 1236 440522.85 35884 —

Significant at 1% leve] of probability,

* Significant at 5%, leve] of probability.
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