bility that the adrenals are near to a state of maximum
stimulation,
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A New Technique for the Study of the
Effects of X-Radiation on Mammalian
Skin Maintained at Different Tem-
peratures During Exposure ?

J. P. O’Brien; J. A. Belli, D. E, Wood
and J. W. Saunders, Jr.

Department of Biology,
Marquette University, Milwaukee, Wisconsin

Evidence relevant to the problem of the radiosensi-
tivity’ of protoplasmic systems in relation to the
temperature prevailing therein during exposure to
ionizing radiations has been recently and fittingly
characterized as “equlvocal” (2). In addition to its
theoretical importance, the issue, as it relates specifi-
cally to mammalian skin, is not'without practical im-
plications (2). Mammalian skin, subjected to reduced
temperatures during exposure to x-radiation, exhibits
increased radioresistance (2, 3); conflicting observa-
tions have been reported (£). The intricacies attend-
ing the general problem have been well outlined by
Henshaw and Franeis (5). :

Heretofore, investigations on mammalian skin in
this connection have employed techniques to which
have been attached important disadvantages (3, 6);
they may be summarized as follows: («) for want of

adequate shielding the radiation passes through the

animal and affects considerably more than the skin,
with the accompanying probability of significant in-
direct effects of the radiation on the skin; (b) the
change in temperature induced by cold applications
and ligation, while directed primarily to the skin, in-
volves, in fact, a reduction in over-all metabolic level
of large parts of the animal not directly under study;
(¢) ‘such methods are chiefly effective only when ap-
plied to nmewborn mammals, which lack adequately

1This investigation was supported by the James Picker
Foundation on recommendation of the Committee on Radiol-
ogy, National Research Council.

2The invaluable technical assistance of H. J. Belli of Nash-
Kelvinator Corp., R. Wilson of General Electric X-Ray Corp.,
and Dr.’ A. G. Barkow and F. Karioris of the Department of
Physics, Marquette University, is gratefully acknowledged.
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developed temperature-regulating mechanisms (2);
(&) the study of radiosensitivity of cold and warm
areas of skin has, by and large, involved a study of
responses in respectively different individual animals
(i.e., response of cold skin in one animal and of warm
skin ip another) and, no less importantly, a spreading
of controls among different animals; such a procedure
does not reckon well with the real and vexing problem
of individual variations in response to given condi-
tions of irradiation.

It seemed of value to develop a technique calculated
to circumvent the disadvantages and limitations out-
lined above and thereby pave the way for better con-
trolled and less limited experiments. The basic fea-
tures of such a technique are herein described. The
method has been effectively proved in our laboratory;
it is practicable for almost any type of homeotherm
or larger poikilotherm. We believe that it will be inter-
esting to those engaged in similar studies.

The technique is as follows (mice and rats em-
ployed principally) : The animal is anesthetized with
sodium Nembutal. Subsequently, two parallel, antero-
posterior, skin-deep incisions are made, equidistant
from the midline, on the back of the animal (about
6 cm in length and 5 cm apart in the rat). The skin
flap between the incisions is separated from the un-
derlying skeletal muscles. Beneath this loose flap of
integument a hollow lead chamber is inserted (Figs.
1 and 3); by means of this element the cooling or
warming of a definite area of skin is accomplished.
The chamber is elevated so that its lower surface does
not contact the underlying tissues; this involves only
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FIG. 4

F1a. 1. Dorsolateral view of temperature-regulating cham-
ber. B, chamber proper; 4, O, junction of brass tubing inlet
and outlet.

F16. 2. View in longitudinal section of Fig. 1. A, C, upper
and lower walls of lead chamber; B, interior of chamber ;
D, B, points of attachment of rubber tubing.

F1g. 8. Dorsal view of chamber in place. 4, P, anterior and
posterior on the animal; B, G, inlet and outlet; O, incision ;
D, region of lower left quadrant of separated flap of back
skin ; F, lead plate with aperture allowing exposure of skin
area, E

Fic. 4. View, in longitudinal section, of final arrangement.
K, x-ray tube; 4, lead plating protecting the animal proper ;
B, corresponds to F in Fig. 8; O, thin strip of plasitc used,
optionally, to enhance contact of skin with tepmerature-

- regulating element; D, skin; B, F, G, upper wall, interior,

and lower wall, respectively, of chamber; J, H, I, wall of
brass tubing, inlet and outlet.

135



a slight stretching of the skin. The upper-and lewer

walls of the chamber provide a thickness of lead suffi-
cient to preclude penetration of x-rays below the
chamber; thus the radiation is confined execlusively to
the skin (Figs. 2 and 4). To the chamber are attached
brass tubes, serving as inlet and outlet, for the circu-
lation of water; the temperature of the water deter-
mines the temperature of the chamber. The circula-
tion is effected by a simple siphoning arrangement.
The chamber, with brass tubing attachments, is sup-
ported by clamps, and the animal is slipped into posi-
tion; rubber tubing is then_ attached to the inlet and
outlet, and the circulation of water is begun. A piece

of lead plating with a small cireular aperture is then.

placed immediately upon the skin area overlying the
chamber (Fig. 3). The skin is thus brought into fixed
apposition with the surface -of the temperature-regu-
lating- device ;. the aperture leaves a definitely circum-
seribed area of the skin to be exposed to the radiation.
The skin is conditioned to the temperature prevailing
inthe system for a period of 10-15 min before irradi-

ation. We have ascertained that the temperature of-
the skin very closely approximates the temperature

of the lead surface upon which it rests. The cooling
of 'skin is enhanced by the ligating effect of the lead
plate upon the cutaneous blood vessels. The entire
animal, with the exception of the small circular area
of skin to be irradiated (Fig. 3, E), is shielded by a
large lead plate. ’

In our early experiments the irradiation of warm
and cold areas of skin was effected in respectively
different animals; similarly the controls. However,
we have adapted the technique of a tandem arrange-
ment of two pairs of chambers to make it possible to

produce, simultaneously, on one and the same experi- '

mental animal, in symmetrical pattern, two cold -skin
areas (approx. 5° C) and two warm skin areas (ap-
prox. 40° C); one of each pair serves as an experi-
mental area and the other as the control. At tempera-
tures we have employed, we have never encountered
any untoward responses of control areas. After ir-
radiation the incisions are closed with nickel silver
wound elips.

The advantages of this technique may be summar-

ized as follows: (a) the radiation is strictly confined
to a definitely localized region of the skin; (b) the
regulation of temperature is similarly localized; (c)
the warming and cooling of skin areas can be simul-
taneously effected in one and the same experimental
animal, with, in addition, the appropriate controls on
the same animal; (d) the use of the basic features
of the method are desirable even when there is no
concern with the experimental regulation of the tem-
perature of the skin; (¢) one need not, with this tech-
nique, be confined to the use of newborn mammals;
(f) the technique can profitably be PmpIOyed in the
study of elements other than mammalian integument
and, it would seem, could be adapted to subserve

profitably the analysis of a variety of radiobiological’

problems.
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Details regarding the use of this technique, and evi-
dence deriving from our studies on the radiosensi-
tivity of mammalian skin in relation to temperature,

- will be published elsewhere.
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Centrifugal Preparation of Rat Liver
Mitochondria Free of Microsomes*

Kenneth L. Jackson, Elaine L. Walker,
and Nello Pace

Office of Naval Research and Department of Physiology,
University of California, Berkeley

The isolation in bulk quantities of eytoplasmic par-
ticulates from rat liver cells by the differential cen-
trifugation technique, originally described by Claude
and further developed by Hogeboom et al. (1), is be-
ing widely applied in the study of cell physiology. In
the preparation of the mitochondrial fraction, several
investigators have called attention to the occurrence
of a loosely packed material which sediments over the
more compact mitochondrial pellet at one stage of the
fractionation. Thus Muntwyler et al. (2) emphasized
the need for removal of this material from the mito-
chondria. They reached the conclusion that it was
more -properly a part of the microsomal fraction,
largely on its microscopie appearance and on the rela-
tive nitrogen and pentose nucleic acid content of the
mitochondrial and microsomal fractions with various
partitionings of the intermediate material. Schneider
and Hogeboom (3) reaffirmed their original mention
of the errors introduced by not removing this mate-
rial from the mitochondria, i.e., too much nitrogen
and pentose nucleic acid in the latter and too little in
the microsomes. Most recently, Potter et al. (£) stated
the likelihood that the loose material is probably mi-
crosomal rather than mitochrondrial in nature, based
on its staining properties.

The present study was made to devise a procedure

for a more complete separation of the intermediate

fraction from the mitochondria. Also, additional evi-
dence has been obtained that this fraction is part
of the presently accepted microsomal fraction, and
should be incorporated with it.

When centrifugation of the mitochondrial fraction
is earried out at 15,000 X gravity by the usual method
(1) in a large, e.g., 2.5-em diameter tube it is difficult

"to see the boundary between the loose upper layer and

1 Work performed as part of Contract N7onr-29504 between
the Office of Naval Research and University of California.
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