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b. ABSTRACT

A satisfactory method is dNscribed for maintainingone ear of ke pabbit at about 30 while the opposite ear
is at about 12 C. The'animal is kept in special stocks
during the experiment. It was found necessary to removethe hair from the ears 1-2 days before the experiments,

Ear hair growth is much mere rapid in rabbits kept at 24 C
than in rabbits kept at 6'C. This is probably due to the.

difference in ear temperature in the two cases. Rabbits
kept at 6°C air temperature had ear skin temperatures
ranging from an average of 16.20C at the ear base to 12.190C
at the ear tip. Rabbits at 24.50C air temperature had ear
temperatures ranging from a mean of 34.70 at the base to
35.10C at the tip. In all the above measurements (as with
all the experiments reported in this paper) the hairs had
bean removed from tVe ear using a dorilatory compound some
days beforehand.

There is a small but significant (P = 0.05) difference
between the rates of oxygen consumption of minced ear skin,
when measured at 300C, from cold and warm adapted rabbits.
The respective means were 1.92 and 1.64 ul./mg NI hour.

Succinic dehydrogenase is present in reasonable
quantities in the ear skin of the rabbit. The activity of
this enzyme when measured under standard conditions is very
much higher in skin from cold-adapted rabbits ears as compared
with warm adapted ear skin. Furthermore, this very signifi-
cant difference becomes established within the short time of
two days at 60C. The respective means of the activity
measurements are as folljws: Cold-adapted (3 weeks at 60C)
0.466, warm-adapted (3 weeks at 240C) 0.319, warm-adapted
and then 2 days at 60C 0.442 u3. 2,3,5 triphenyl tetra-
zolium chloride reduced / mg wet weight of tissue/hour at
370C.

Arg inase is present in rabbit ear skin but in such small
quantities that its measuroment is not satisfactory. Attempts
to make accurate measurements on this enzyme were later
abandoned.

c. REPORT

All the experiments were carried out on white rabbits
obtained from a dealer. These were kept in wooden cages
at first with straw on the bottom but later these were changed
to specially constructed wire cages as the wooden cages
provided too much insulation when the rabbits were exposed
to the cold. The rabbits wore fed on a standard diet. Two
main adaptation temperatures wore used; a warm constant
temperature room at 24.500 (this was later altered to 200C)
and a cold room at 60C. In both the air was circulated
by fans.

Ear temperatures were recorded using a thermistor
thermometer. The thermistor was a 323 Stantel thermistor
and it was used in a bridge circuit with a variable arm and
a sensitive null point detector across the bridge. The
values of the resistors were calculated by the method given
by Moore and Mortimer (1953) so as to give the maximum
sensitivity over the temperets~re range used. Two ranges
were em loyed 0-20oC and 20-400 C. Skin temperatures could
with this instrument be measured to 1/20th oi a degree.

In all the experiments reported in this paper the hairs
on the rabbits ears were first removed with a depilatory agent
'Veett and were then well washed. This was done 1-2 days
prior to the experiment. This method proved very satisfactory
and appeared to have no ill effects on the skin if washed off
well. The hairs at the very edges of the ears were not
removed by this treatment. It was noticed that the rabbits
kept in the warm room after this treatment showed a much more
rapid growth of hair on the ears then those kept in the cold
room where hair growth seemed to be very slow on the ears.
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This may be due to the fact that the skin temporctures
(and hence the hair follicles) ware much lower in the
cold room rabbits. This is shown by the following table.

S'IN T31PERATURES OF RAH-'IT' IS ARS

Air temp. 60C 600 20 0 C 24.5 0 C
(wire cages) (wooden cages)

Ear base front 16.25 17.40 34.18 34.76
middle front 12.69 15.55 31.99 34.43
tip front 12.19 17.67 34.86 35.10
side front 13.00 16.71 30.94 35.01
mid back 13.52 16.51 31.57 35.30

Feed of rabbit 35.20 35.25 - 36.28
Back of rabbit 32.22 32.68 35.26 35.59
i4o. of ears
measured 10 16 4 12

it will be seen froe, this table thct the wooden cages
used had an appreciable insulating effect in the cold. All
the later experiments (which are the ones reported primarily
in this paper) were carried out in wire cages. It will also
be noted that in the cold the temnoercturo falls towards the
tip of the ear, there bcing nbout a 40 difference in the wire
cages rabbits. In the ooe of the warm room rabbits there
was little difference betveen the tip end the base of the ear.
The measurements on the hoed :znr the back were týkci under the
fur and of course show the ns.leting effect of this. From
the above tablc one cO:.n san tl:ct the difference in oer skin
temperatures between the 6 -rabits (wire cagos) ond the 24.50
rabbits wcs approximately 220C.

A method has been developed for maintaining a temperature
differential betweoo the two cars of an individual rabbit.
Although no experiments have yet been carried out using this
P;ethod it will be described si as to avoid describing it in
later reports. The rc'obit is first trained to sit in stocks.
The conventional stocks are not satisfactory as eventually the
rabbit kicks with its hind lces and does itself serious injury
end usually has to b2 destroyed. It was found to be essential
for the rabbits to be able to live for several days in the
stocks. A box well padded with spongy rubber with numerous
holes for air circulation was constructed through which the
rabbit's head protruded. The sponge rubber is ecsential
because otherwise the robbit will eventually kick and break
its beck. It is necessary to subject the rabbit to a course
of training lasting several days to get them used to the box
before the experiment. When this has been completed the
rabbit is pliced in the box with a supply of food and water
available. A narrow can with a vertical partition soldered
up it was now placed over one ear. Some cotton wool was
placed betwoen the wall of the can and the ear. A 15 Watt
electric bulb was located in tiho other half of the can. This
bulb was separated from the ecr b7 an air space and the metal
partition. Whore the c-n touched the head of the rabbit
it was well padded. It was olced in such a position that
the rabbit could make a limitAd emount of moveriont of its head.
The whole apparatus was now placed in the 60 room and it was
found that after a short ti',o there was a differential of
nearly 200 between the two oars. The rabbit once it got used
to the cen could remain like this for suversl days. Detailed
results using this method will be presented in later reports.

The. experiments reported below were carricd out on 'warm
adapted., and 'cold adapted' rabbits. In view of the finding
by Heroux (1959) thet mitotic activity in the oars of rats
kept a't 60 is almost iompletely blocked for the first 3 weeks

and th en recovers, it w:s th:"nt advisable to keep the
presen-t rabbits for at least 3 weeks at the adaptation

aemper.atures before carryinz out experiments on them. The
warm allepted ones were kept in a constant temperature room
at 24.#5o (in the oxyGon consumption experiments) and the cold-
edapteid ones in a constant temperature room at 60C. The



rabbits In the oxygen consumption experiments were kept In wooden boxes so the

difference In ear temperatures between the es0 and 24.50 rabbits was somewhat lessS~than In the succinic dehydroenense experiments which will be described later.

A number of exp~rlments wore carried out to dtermine whether there wes a

difference In the oxynen consumption of minced skin from cold and warm adapted rabbits.

the rabbits were killed by a blow on the head, The ears were taken o'f.ant' the skin

was stripped off the centraf.piece of fibrous tissue of the ear, It was cut Into

small pieces wvlth a scissors, a portion of tissue beinn kept for a later nitroren

determination. The chopped skin w"as then scraped k-lth a sharp scalpel through a

juard of a Ronson electric razor. This method, described in GraInqer (1960), proved

very satisfactory and 'diced' thn skin i to small pelces about 0.5 mm s~uare.

Weighed amounts of minced tissu9 were placed in Warburq flasks containlnm ? ml.

Krebs-.rinqer Phosphate (pH 7.,4), I ml. 0.1 M glucose. The centre Well contained 0.2

ml. 31A KOH. Experiments were carried out at 30.00 C. The means for each rabbit are

niven in the following table.

0 consumption (Ltl./mg.N/hour)
2

0° adapted 24.50 adapted

1.721 1.458
1.774 1.803
2.104 1.381
2.130 1.618
I .680 I .869

3-4 readings viere normally made on each rabbit. The overall means were 6*- 1.924,
24.5?- 1.6,1.. A statistical analysis nave t = 2.383 for 8 degrees of freedom

(P = 0.05). There was no sionificant difference between the variances of the two

groups -e4.-. + Iee.(F value). Thus one can say that the skin from the cold adapted

rabbits shows a significantly hifhpr rate of oxynen consumption than the skin from

the worm adapted ones although the difference is not a dramatic one.

In view of the difference in oxygen consumption described above It was decided

to invistinate succinic dehydronenase activity. In these experiments the warm-

adapted rabbits were kept at 20.00 C. and the cold adapted at 60 C. All were kept

in wire cages. The activity of succinic dehylromenase was measured on thin strips

of skin usinq the methiod described by Kun & Abood (19A9) as modified by Desmarlas

(1955). On4y skin from the front of the rabbits ears was used. Some measurements

were made on rkin from the back of the ear and these Indicate that the activity of

this enzyme is lov.,er there. Some strips %-ere kept for nlitroaen determination. All

the nitrogen determinations are not ket avallablp so thy' results given below are

blven In terms of wet %-'elnht of tissue.

Succlnic Dehy'rogenase Activity uLLg.*triphenyl tetrazollum reduced/mg wet wt. tissue/
hour at 370)

e a pfe 200 adapte 200 adapted and then 2
0.466 0.261 days at 60 C.
0.589 0.309 0.155
0.All 0.303 0.540
0.361 0,394 0.361
O.i54 0.387 0.411
O. 91 0.292
O.A84 0.310
0.544 0.298
o."36
0.363 Overall means 0.466, 0.319, 0.422
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The flnures In the table are the means for each rabbit. Nornally 8-10 estimation$

were made on each rabbit. The overall means are calculated on the Individual

est Ima t Ions. A statistical treatment of the results nave the followinq results.

There Is a hlahly sinnifican't difference between th- means of the cold and warm

adapted rabbits (~10.77 for 16 deorees of freedom, P 40.0i). There Is no

significant difference between the cold adapted nroup and the -arm adapted MAich

had been at 6 for 2 days (t=0.556 for 12 denrees of freedom, P>0.!5). There io

a ver", sirIn'ficant difference between thý ...arm adapted ant' the warm adapted vhich

had then been placed for 2 days in the cold (t=n3.496 for 10 denreos of freedom, P4.

0.01), Thus It aprears that the inc~rease of about 46ýin succinic dehylrorlenase
activity between th- vzrm an'l cold adapted groups largely takis nlace "Urin.' the

first two days at 6 0C. The number of rabbits In the 2-dýý" mroup is low. It Is

planned to do some more nxp:ýriments in this nroup. The~se results are similar to

those obtained by Desmarias (1955) on the abdomer skin of rats. The soccinic

dehydronenase rosulIts f it i n wel II- t h the oxynlen consum~pt Ion resulIts i n i-h Ich there

is also en increase in the cold, althouch it should be '-borne in mind that there Is

not necessarily a connection betwieen the rise in both.

Some experiments wiere cirried out on arqinase activit%" since lt had b'en

reportod that this '-nz-mP was confirrned to the epidermis lmardashcv & Semina, l9t81.

A method was developed based on Rob-rts ( 1948) except th~t the orea formed -as

deter-mined usin- uroase and trappin-' tho atrronia prodlucsd in standard acid olaced

in the centre %,"ells of Con-ay units an' +lien bncktitr-'tinri. This showed that the

arginase act~vlty -as extremely lo,,. At 38 0C the a-ý+lvity was 1.7 - 4.4. Lw'.

arginaee attackod/mg wet velilht tissue/hour. In view of this forth-r work onI

The nitrogen estimations in all th-ý experiments w~ere done by diriestino a weinhed

amount of skin in KXjeldahl flasks in tl'e usual way and then fol lowine, dilution the

ammonia w~as measured by liessler's solution In a colourimeter.

lo iPLQSt~oLALI.c s behbo

The first objective of the original contract has now boen attained, namely that

a concrete d&fference has been cstablIished bptweoen the skin of cold Aod warm-adapted

rabbits. The next starie is see %whethe-r this can be brouohit about In one individual

in w-hich one ear is cooled and t' e otlier warmcd. This is the first rtep in

deoid~nq whether the d&fferences describod above are central effects brought about

by neural or hurnoral means or ''hather t'.ey are purely local effects due to the

tissue itself beint.i at different tempe-atures in thi two~ cases. The m-thoel for

carrying out this cxpeririont is efascrib~d ah-ove ard1 that is the next obectivo of

the work.

The increase in the oxyrien consumption of isolated skin in cold adapbdýc animonl. I

is very similtr to ',he cla-es vuhich hanve b-on observed in mrany c'ld-bloodid animals.

In fact In this respect the rabbit r~ar is behavin-' rather l ike a tissueI fro.m a

cold-bilooded animal. Th(bs it is not surprisinn to find that channes in activt.ty

of some enzymes (e.g. succinlc dehyrfroeuenaso) take place with chancoem in adaptAo",o

templ~rature. Simi lar channoes are vioelI known iii cold-blooded animals (Precht et al.,

1955). Other authors (e.o. Hannon, 1960) have reported increases In succinic

dehydrogonase activity In various organs other thnn skI n fol loydna exposure of rate

and mice to the cold. This mi,,ht su'on-st that there is somae qenroraI huaaoral effect

cousiir, this. Ho'vovr future n-.erircntsvay~-j
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i 1. PERSONNEL:

From 1st April, 1962, to 30th September, 1962,
Mrs. P.M.C.Davies, B.Sc., was my assistant. She then
resigned due to marriage commitments and was replaced
by Miss C. 3oyce, B.Sc., who started work on 1st October,
1962, and is still with me.

RESEARCH:

There has jeei no major change in research policy
since the contract started and none is now envisaged.
The first basic object has been to establish whether a
difference was to be found in the activities of an enzyme
in the ear skin of warm adapted as compared with cold
adapted rabbits. Such a difference was found and has been
thoroughly established in the case of succinic dehydrogenase.
This work has necessarily been slow owing to the necessity
for keeping the rabbits long enough in the cold to ensure
that they were without any doubt fully adapted to the cold.
It was decided that a minimum period of 3 weeks was necessary
for this. Because of the very limited cold room accommo-
dation this slowed down the work very much. This problem
has now been largely overcome by increased cold room accommo-
dation and the fact that we now know that it is not necessary
to keep the rabbits for such a long period in the cold for a
marked change in succinic dehydrogenase to take place.
Another factor which retarded the work at the beginning was
that hair on the ears was not removed before exposing the
rabbit to the cold or warm environment, with the result that
there was a much smaller difference in ear skin temperature
between the cold and warm groups than there has been in
recent experiments. In view of this many of the earliest
experiments were discarded.

2. MANHOUPS AND COST:

Manhours worked during, thc. year 1st April, 1962,
to 31st March, 1963, were:

Principal investigator 360
Assistant 1980

234 manhours.

The main expense in materials has been on rabbits.
The cost of these is increasing but the contract should
be enough to cover this during the current year since
the expenditure on chemicals and glassware will be less
this year. A cost breakdown of the year's expenditure
(excluding salaries) is:-

Rabbits 72
Glassware 125
Chemicals and
other consumablesjIM

Overheads 80
Salaries 480
TOTAL

- .


