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1.

Introduction; The Trigger for Hibernation: Hibernation in
mammals 1s the assumption of a state of greatly rcduced corc
temperature instead of the usual temperature of about 37°C;
meanwhile the mammal retains the capability of spontaneously
rewarming back to the normal homeothermic level without absorb-
ing heat from its environment. Therec have been some studies

on a biochemical factor which initiates this - hibernation state.
These studies, done at Loyola University, demonstrated a blood-
borne substance obtained from hibernating ground squirrels or
woodchucks which, when injected into summer-active ground
squirrels, induced hibernation. This material is referrcd to
as '"hibernation induction trigger" (HIT); it has been shown

to be of low molecular weight, is found only in the hiberna-
tion state, and can be effective between several species.

Work of Dr. Peter QOeltgen in Isolating HIT: Plasma or scrum

~from hibernating animals has Deen fractionated by Dr. Peter

Oeltgen of the University of Kentucky. When these plasma
fractions in which albumen predominates, were injected into
summer animals, all hibernated, while no control animals
hibernated. It is important to note that this hibernation-
inducing factor is closely associated with albumen. Dr.
Oeltgen has continued the isolation, purification, and
characterization of this hibernation-inducing substance. The
material is of particular interest to biomedical science
because there are very few naturally occurring metabolic-
reducing materials. There are applications for the Navy of
such metabolic-reducing materials. They might possibly be
developed as a fever-reducing agent for sick personnel on the
high seas. Or as a substance to reduce metabolic rate of
starving populations at the time of famine.

Goals: A. To obtain and study the hibernation-inducing
trigger (HIT) or factor in woodchucks. B. To maintain in
health 14 woodchucks as blood donors. C. To obtain sumnmer
control samples of blood by standardized techniques, of
woodchucks, hamsters, gerbils, and dogs. D. To obtain blood
samples from several species in deep hibernation in the

.laboratory (woodchucks, hamsters). E. To obtain blood samples

from hibernating bears in the field. F. 7To develop and usec
a new bioassay for the hibernation-inducing factor. G. To
test this factor on rats and monkeys.

The Experimental Animals:

Late Winter 1979: In November we transported from Loyola
University, 11 woodchucks which have been used in their
experiments for several years. There were alrecady three of
our own for this project at The University of Iowa, making a
total of 14 in the colony. The colony then shrank considerably.




Two animals died in hibernation at the end of the winter of
1979, presumably of old age; a young animal apparently swallowed
a piece of wire and died from intestinal perforation. After
the hibernation period which ended in April (1979) the threce
oldest woodchucks were either sacrificed or died during the
summer. These had been kept at Loyola for as long as scven
years and had been caught in the field in Pennsylvania before
that time. They stopped eating and showed variable symptoms
such as shivering. Upon necropsy, all three of these animals
showed .1iver pathology. We were then left with a relatively
young colony of eight enimals.

Summer 1979: The remaining eight animals were divided; four
were Kept indoors in small cages and four were maintained in
large outdoor cages all summer.

Technique: Before the hibernation period, each animal was put
under anesthesia with the standardized immobilizer called
Innovar. This had been used in the program at Loyola from the
start. Cardiac punctures were done and 20 ml of blood was

“taken and immediately cooled in chipped ice. It was transported

to a refrigerated centrifuge, spun, and the plasma was frozen
and maintained at -40°C. This technique was satisfactory for
providing material to Dr. Oeltgen at the University of Kentucky
and Dr. Roberts at Creighton University. Some samples, however,
were dialized and both fractions were frozen and maintained.

The technique was the same with the hibernating animals in the

winter except that Innovar was not needed. This had been the
standard procedure in all experiments at Loyola. The plasma
was then processed by Dr. Oeltgen, and some was returned to us
in powder form (see Appendix A).

Non-Hibernating Samples Obtained:

Summer 1979: Our most abundant samples for the first
part of the year were obtained from summer animals as controls.
We stockpiled or gave to Dr. Oeltgen, 20 10ml samples from
woodchucks. We also obtained control samples from hamsters and
gerbils. Every woodchuck (N=8) provided a control sample.

“Early winter 1980: All animals did not hibernate. A second
series of control samples was taken from these non-hibernating
specimens. Part of each summer or winter control sample was
then provided to Dr. Larry Lutwick to test the plasma for
woodchuck viral hepatitis. In all, 26 samples of 10 ml cach
were taken.

Hibernation Success:

Late Winter (Jan., Feb.) 1979: Because of the late start
in the hibernating season, very few of the 14 woodchucks hiber-
nated. The animals were first exposed to cold on November 11.
The first hibernation occurred soon after that date. Only 4




of the colony hibernated and it is of interest that all 4 of
these were females. We attribute the lack of hibernation to

the disturbance of being moved from Loyola to The University

of Towa. Three of the 4 woodchucks which hibernated were already
being maintained at The University of Iowa at the time the
Loyola colony was moved . ThiQQQtails of the move werce as fol-
lows: On the 27th of October, the funding of moving the colony
to The University of Towa was informally approved by the Project
Officer. Formal approval at that time was anticipated in two
months. On the basis of this information, on November 8, this
applicant drove a truck to Loyola University and moved 11
woodchucks to The University of Iowa. Formal approval of a
contract to malntain these animals and obtain hibernation
plasma from them was received on January 1, and the first money
arrived at the University on January 31, 1979. This meant a
somewhat slow start in establishing the animals in cold rooms
for their hibernation period, and we presumed that they were
somewhat disturbed by the moving process. Nevertheless, a
barely adequate amount of hibernation plasma was obtained from
them during the winter.

Early Winter (December) 1980: The second hibernation sca-
son was difterent from the first because 4 animals had been
kept 1ndoors in small cages and 4 outdoors in a large dog-run.
These outdoor animals could eat grass and enjoy considerable
exercise and freedom. The 4 outdoor animals were moved indoors
in October and all hibernated; none of the indoor animals did
except one for a brief period.

During both hibernation seasons, the procedure was the same.

The animals were weighed before and after the scason; they were
examined twice a day and fur temperatures-were taken to prove
the condition of hibernation. Cardiac blood samples were taken
only after the animal had been in deep hibernation for two days.
An example of the sequence of bouts of hibernation is shown

for one animal (Fig. 1) and all bouts are recorded in Table 1.

Hibernation Samples Obtained:

Late Winter 1979: We did not always obtain perfect samples
from hibernating woodchucks. In a few cases hemolysis occurred.
Such samples were saved for use with the bioassay. However,

8 separate vials containing 10 ml of clear woodchuck plasma
were provided to Dr. Oeltgen the first winter. He would have
preferred larger amounts than this, because 1t is essential in
this field of isolation and purification to use fresh matcrial.

Early Winter 1980: Much better success was realized the
second winter. About 200 ml of hibernation blood was taken
resulting in 80 ml of clear plasma. In March, 40 ml of this and
30 m1 of control plasma were sent to Dr. Oeltgen, and small
amounts of both were sent to Dr. Jane Roberts of Creighton
University.
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Samples from Other Species: We did not want to limit ourselves
to the woodchucks alone and obtained control blood and hiber-
nating blood from both hamsters and gerbils. We also had the
good fortune to be in collaboration with Dr. Lynn Rogers of

the U.S.D.A. Forest Service at a laboratory-in Lly, Minnesota.
He was studying the hibernation of bears in northern Minnesota
and was to place 6 animals under immobilization by Innovar.
Because this was the same immobilizing material that we were
using with woodchucks, we took the opportunity to have themn
prepare samples for us. When the blood samples were obtained
from bears, they were immediately covered with ice and taken

to a centrifuge in a cold room. The plasma obtained was
brought to the University of Minnesota and one of us went there
to transport this valuable plasma back to ocur laboratory. All
these samples (hamster, gerbil, and bear) were tested by our
hamster heart bioassay. The control was Ringer's Solution.
Hibernating hamster plasma was not tried because none of our
hamsters hibernated; also we could not obtain summer (non-hiber-
nating) bear plasma, so for a control, we compared hibernating
bear plasma with dog plasma.

The Bioassay: We decided to try hibernation-inducing factor

on newborn hamster hearts. The reason for selecting this heart
is that it 1is very thin-walled and it was not necessary to
carry out perfusion through the aorta in order to reach the

. coronary vessels., There is one disadvantage of this procedure

and that is that the hamster has not yet been shown to respond
to hibernation-inducing factor. We have obtained the factor
from the hamster but have not yet been able to facilitate winter
hibernation or produce hibernation in the summer in hamsters.
“evertheless, they are convenient hibernators which may show the
effects in the biocassay of a very dilute hibernation-inducing
factor. It is necessary to develop a convenient and standard-
ized bioassay because so far the hibernation-inducing factor has
been tested in a cumbersome way by injecting ground squirrels

in the summer and determining whether they go into hibernation.
With this hamster heart assay in pilot studies we found that

the newborn hamster heart, when exposed and partially isolated,
even without perfusion at room temperature, maintained a rate

of 51 bpm (SE 3.4) for 72 minutes (SE 2.8). VWe then used two
procedures; the first was to perfuse the outside of the heart
with Ringer's Solution. We then succeeded in cannulating the
inferior vena cava of the hearts. There was very little differ-
ence in the activity of the hearts when the two methods were
compared, presumably because the heart is so thin-walled that
perfusate reaches the sinus node from the outside, and oxygen
diffuses readily to the cells. Therefore, for this phase of
this project, we used only exterior perfusion. The method was
tested by using epinephrine in the perfusate and the heart
responded very sensitively. After the initial pilot studies,

32 hearts were prepared for formal tests of lactate solution and



the plasma of five species of animals, namely woodchuck, hamster,
gerbil, black bear, and dog. The first formal test conslsted

of using hearts of different weights. The hecart rate was slower
in the heavier and older hearts (Fig. 2). The hearts lasted
longer with one-or two-day-old newborn hamsters than they did
with older young, and therefore our test was standardized with
young hamsters which weighed 16 #0.6 mg (SE). 1In most cases
plasma which had been frozen was brought to room tcmperaturc

and compared with Ringer's Solution control. In one experiment,
purified material from woodchucks provided by Dr. Oeltgen was
used. More analysis of the effects of the plasma of five species

on these hearts needs to be done. One example will be prescnted
in detail, however.

First the method of approach should be described. 1In earlier
experiments, the method of control was to expose the hearts for
several minutes to Ringer's Solution and then to experimental
plasma for several minutes, and then back to Ringer's Solution.
Occasionally a seccond type of plasma was used after the prev-
i1ous three exposures. After experience was gained, it was
determined that the best procedure was to use only two minutes
of Ringer's Solution followed by a long exposure to a particular
plasma. This could only be compared with extended Ringer's
control experiments. Therefore a theoretical curve was designed,
based upon six experiments using Ringer's control only, for a
prolonged period. This theoretical Ringer's control is found

in Fig. 3A and Fig. 3B. Superimposed upon the Ringer's control
is the effect of black bear plasma from hibernating animals
Because we have not been able to obtain summer control black
bear plasma, we did make the comparison with another carnivore
related to the black bears, namely the domestic dog. It can be
seen in these results that there is no powerful biological

ffect of this hibernation plasma upon the newborn hamster
hearts.

Special Experiments on Rats and Monkeys: In the laboratory of
Dr. Gisolfi which adjoins the laboratory of Dr. Folk, experi-
ments were done with a small amount of the purified material
provided by Dr. Oeltgen. The hypothalamus was prepared for
perfusion in two rats and one monkey. The preparation for the
monkey was more elaborate in that the anterior, the middle
portion, and the posterior hypothalamus were all cannulated.
Experiments were done to perfuse only the anterior hypothalamus
in all three specimens. Although there was no effect from the
purified material, this experiment will be repeatcd this summer.
with the posterlor hypothalamus. We are encouraged to continue
these attempts because of the success of Dr. Myers who infused
into the third ventricle this same material. He states that

he obtained "a clear-cut metabolic action of the trigger." It
must be pointed out that it is a very different experiment to
expese this material on a part of the hypothalamus and; to

infuse it into the third ventricle. on the other hand,
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Survey for Viral Hepatitis: An intercsting spinoff from having
this colony of woodchucks has been a survey carried out with
Dr. Larry Lutwick of our Department of Internal Medicine. lle
has been working for scveral yecars on viral hepatitis in human
subjects and found, as did others, that the woodchuck is the
animal model for the study of this disease. Thercfore I have
taken blood samples from 14 woodchucks under a variety of
circumstances such as in summer, in the non-hibernating condi-
tion in the winter, and while in hibernation. He has tested
all of these samples, which were prepared as plasma in a refrig-
erated centrifuge, and he is now with a new technique repeating
the test on.all samples. I will inform the Office of Naval
Research about these results when they are obtained. At least
we have had the opportunity to compare two types of animals in
our colony, those which were obtained from Pennsylvania and
those which were obtained from Iowa,

Assistance of Co-Investigators: We wish to acknowledge the
contributions of members of this team to this projcct. Dr.
Paul Cooper was responsible for the health of this large colony
and many problems did appear which he succeeded in solving.
Most importantly, on three important occasions when animals

in hibernation needed to be exsanguinated, he succceded in
obtaining large quantities of plasma. It is more difficult to
do cardiac punctures on these animals when they are in hiber-

‘nation. The responsible investigator took blood samples of

all animals, winter and summer, both for the hibernation factor
experiments and for the wviral hepatitis study. Dr. Rogers
provided the plasma from six black bears in hibernation. We
have used only a portion of this material and will continue
studying it. Vincent Morinello was responsible for carc of the
woodchucks when they were out of the formal University animal
colony, and conscientiously recorded the degree of dormancy

of each animal each day throughout two winters., He has also
been most helpful in the reduction of the data.

Expenditures: It should be pointed out that there was an
extension on this contract. Originally it was to end on the
first of November, 1979. An extension was provided without
additional funds until January 1, 1980. To clarify our
expenditure report, I have been in constant communication with
our Business Office. It is my understanding that they are
forwarding a separate expenditure report to your office.

Summary: The purpose of this contract was to provide abundant
hibernation and control plasma to Dr. Peter Ocltgen for separa-
tion and isolation studies. A second function was to devise

a bioassay for detecting hibernation-induction trigger. DBoth

of these goals were met. During the contract period, therc

were two other accomplishments. A review synthesis of the

field was written by the investigator and his student, to relate



lood-borne trigger with brain peptides. This has been a very
popular review with about 215 requests for reprints (Appendix
B). Also the opportunity finally developed to rccord carlier
data collected under an ONR contract. Several ycars ago, the
responsible investigator traveled to the Naval Arctic Research
Laboratory, fasted the two polar bears there for 48 hours
(twice) and took blood samples. There were time-consuming
analyses done which remained in notebooks, but now with Terry
Kaduce and Arthur Spector, we have sent this manuscript to

the Journal of Comparative Biochemistry and Physiology (Appendix

An overview of hibernation-inducing trigger is now in order.
The laboratories which have been supported by the Office of
Naval Research should feel grateful for and satisficd by the
support provided for this reason: the molecule under study 1is
elusive and delicate and does not have an casily determined
powerful biological effect. We did not know this. We have
been fortunate in having adequate financial support from the
Office of Naval Research to make sure of this. Now it should
be the task of agencies of other types (perhaps pharmaceutical
houses) to support the difficult experiments of a very subtle
type which lie ahead.

C).
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Table

I.

Hibernation in Woodchuck Colony

at The University of Iowa During Winter of

1978-1979 (1) and 1979-1980 (II).
I II
Number of Animals 14 8
Number which Hibermated 4 5 (1 briefly)
Tetal Number of Days H 153 150
(for "animals which hibernated) s 60 129
A 156 121
Total Days in Cold 106 105
Range Mean Mean  Range
" Av. Length of Bout: Patches (1-3) 1.6 Bathsheba 3.4 (1-12)
Martha (1-6) 3.3 Max 4.0 (1-9)
Whistler (1-8) 4.3 Whistler 4.0 (1-11)
Spike (1-15) 6.3  Sue™ 3.8 (1-11)
Isabella 5.4%  (1-13)

% Jgsabella entered cold 9/27/7%

Other animals entered cold 11/29/79

H: in hibernation

[92]

semi~hibernation (slight movement)

A: active and alert
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APPENDIX A.

Procedure used by Dr. Oeltgen for separating

and isolating hibernation-inducing trigger.



THE OBLTCEN TECHNIQUE

Plasma from hibernating woodchucks was desalted utili
a hollow fibexr device having a molecular exclusion limit o
5,000, Such a device completely removes small molecules st
as the catecholamines and unbound steroid hormones énd vari
ions such as calcium gnd magnesiwm, all of_which have at va
times been implicated for theiy ability to induce hibernati
This thermolabile preparation was then further fractionated
4°C by isoelectric.focusing (1IEF), isotachophéresis and by
passage through an affinity chromatography colummn. Thehlati
précédpfe épécifi@aily sépargt§$ é1bumiﬁ fromvthcvfcmaiﬁder
the plasna fractiqns. The IEF fyractionation in a pl gradicn
extending from 3.5-10.0 indicated that the HIT activity resi.
with the albumin fr&ctibﬁ of thc plasma. This still hetecro-
genous prep&raﬁion‘ﬁaving a pH'fange;of 4,5 to 5.2 iﬂduced
hibernatioﬂ within 2-06 days when injected at a concentration
of 3mg/ml in 8_ouf‘pf 10 sumﬁereéétive‘ground squirrels. All
other plasma fractions werce inactive at similar concentration

re

i

his albumin fraction has been further separated by IEF in
a narrvowey pH gradient extending from 4.0 to 6.0 and by isotac
phoresis. These resolved fractions will be assayed for HIT
activity in gfdund squirrels during midsumner as will the
purified albumin fraction from the affintty cﬂromatography

colwman.



APPENDIX B.

Reprint of review article on hibernation
trigger written during the period of this

contract.
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HUMORAL INDUCTION OF MAMMALIAN HIBERNATION

Vaverie G, KaLtir and G. Encar FoLk, Jr

Departinent of Physiology and Biophysics, University of Towa, Towa City, TA 52241, U.SA,

(Received 6 July 1978)

Abstract— 1. The terminology and physiology of hibernation are bricfly reviewed.
2. Entrance into hibernation and possible blood-borne “trigger™ substances are discussed.
3. Recent studies on “antabalone™ and “hibernation trigger™ are reviewed.
4. The role of naturally eccurring substances capable of inducing hypotiicrmia is discussed and

refated to the study of hibernation.

INTRODUCTION

Aithough the phenomenon of natural mammalian
hibernation has been extensively investicated during
the past century, the actnal causes for the onset of
this depressed metabolic and  physiological  state
remain unknown. Through the efforts of many inves-
tigators it has been shown that the entrance into
hibernation is under precise physivlogical control
resulting in the dramatic lowering of heart rate, res-
piratory rate and oxygen censuinption, followed by
a decline in body temperature. In this state the hiber-
aating animal conserves cnergy and is able to live
this way for up to 9 months at temperatures just
above freezing, depending on the species. Nonhiber-
nators are unable to survive these dormant conditions
for very long. But why doecs a mammal capable of
hibernation that is not hibernating also die in the
state of hypothermia, despite the fact that it can sur-
vive longer and at lower ambicnt temperatures than
a nonhibernator? It has been suggested that the nor-
mal “physiological thermostat™ is reset during hiber-
nation, allowing the animal to be cooled in a con-
trolled manner; but how this “resetting”™ is accom-
plished is little known (Lyman, 1961); possibly the
dual neurochemical theory of Myers & Sharpe (1968}
and Myers & Yaksh (1972) may prove to be the
explanation.

There are three theories describing the causes and
control of hibernation. These are: (a) hibernation is
indicative of poor thermoregulation and is a primitive
state in which the animal plysiologically rescmbles
the poikilothermic lower vertebrates—unable to resist
the drop in temperature the animal becomes cold and
so hibernates; (b) hibernation is triggered by a change
in the levels of some substance or substances nor-
mally present in the mammalian body; and (¢} the
central nervous system is the site of the “physiological
thermostat”™ and is the basic controlling mechanism
{(Lyman & Chatfield, 1955). The first theory has
largely been rejected, for reusons discussed fater. Evi-
dence has been accumulating for the past 10 years
that seems to indicate that either one or both of the
Jatter two theories may be correct. In a series of excit-
ing experimentst Dawe & Spurrier (1969, 1972,
1974b): Dawe ¢ al. {1970) and Spurrier et al. (1976)

have succeeded in isolating a substance called “hiber-
nation trigger” from the bloods of hibernating
13-lincd ground squirrels and woodchucks that acts
witerspecifically and will induce summer hibernation
in these species. Recently, Swan et af (1977) have pre-
pared an extract called “antabalene™ from the brains
of hibernating 13-lined ground sguirrels that de-
creases the metabolism and body temperature of rats
for as long as 0 hr. Additional substances that are
possibly related to the induction of hibernation or
to inducing hypothermia include  bombesin aud
related peptides isolated from the skin of various
anuian species (Brown cor al, 1976, 1977a.b). opiates
and endorphins (Bioom et «l., 1976; Tseng et al,

1977). sleep peptides {(Espamer & Meclchie 1975:
Pappenlieimer et al, 1975; Schoenenberger e al,

1977, Schoenenberger & Monnier, 1977; Uchizono
et al, 1975) and as yei unidentificd trausmitier factors
released from the brain during thermoregulution
(Myers & Sharpe, 1968), to nwme just @ fow of the
suspected substances.

What 1s the relutionship, if any, beiween hiberna-
tion trigger and antabalone? Do bombesin, opiaies
and any of the other related substances discussed
above play a role in the mduction of hibernation?
These questions shall be examined here in the hipght
of the research results to date.

Before discussing the literature dealing with the
many substances suspected of being the “trigger™ or
stimulus for hibernation it witl be helplul to review
the physiology of hibernation. The next fow para-
graphs Will also serve to distinguish hibernation fram
sleep. bypothermia and aestivation.

TERMINOLOGY OF BIBERNATION

Aristotle was the fust to recognize that animals and
birds “concealed themsclves” (Mrosovsky, 1971) to
avoid harsh  environmeuntal conditions  either by
escape in space (migration) or by cscape in tine
(hibernation). Hibernation is a torpid staie whers tor-
por is defined as partial or total foss of sensibility
or the power of motion (Rayser, 1965) associuted with
the onsat, progression and maintenance of a markedly
diminished metabolic rate and a profound state of
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central nervous system depression resembling coma
(Swan ¢t al., 1969). Thus, hibernators in torpor exhibit
a general depression of their metabolism such that
there is a preofound decrease in heart rate, oxygen
consumption, respiratory rate and corc body tem-
perature, as well as a loss of locomotor activity and
decreased response to external stimuli. Aestivation is
qualitatively the samc as hibernation with the excep-
tion that the former occurs in responsc to a hostile
environment that is hot und/or dry at body tempera-
tures greater than 20°C while hibernation occurs in
response to cold. Swan et al. (1969) in their work
with the African lungfish. Protopterus aethiopicus con-
- sider the two phenomena to be different manifes-
tations of a single basic process they describe as torpi-
dation. There are indications that a torporous state
can be induced autopharmacologically and out of sca-
son (Dawe, 1973). The phenomenon of hibernation
can be subdivided into two types, poikilothermic and
homeothermic. Poikilothermic hibernation is charuc-
teristic of the lower animals (invertebrates, lungfish,
amphibians, reptiles) which at low air temperatures
take on the temperature of their surroundings. They
are forced into a cold torpor and cannot rewarm
themselves until their environmental temperature in-
creases. In homeothermic hibernators, mammals or
birds which normally maintain their body tempcra-
tures near 37°C assume a state of greatly reduced
core temperature while retaining the ability to spon-
tancously rewarm themselves back to their normal
homeothermic temperatures without the absorption
of heat from the eavironment (Folk, 1974).

HIBERNATION AND HYPOTHERMIA

Only hibernating mammals in dormancy can ther-
morcgulate at ncar-freezing temperatures. Non-hiber-
nating mamunals in hypothermia behave like the
poikilothermic lower vertebrates as will non-hibernat-
ing mammalian hibernators under the same condi-
tions, although they can survive for longer pcriods
at temperatures below 207C that would be fatal to
their non-hibernating rclatives. Hibernation is a con-
trotled and finely regulated condition, whereas artifi-
cial hypothermia results in a breakdown of tempera-
ture regulation causing a weakening or collapse of
other homeostatic mechanisins (Lyman, 1961). Arou-
sal of a mammal from artificial hypothermia requires
the reintroduction of externul heat but the arousal
from natural hibernation depends upon some intrinsic
heat-genetating mechanisms for which the hibernator
does not require external heating (Dawe & Spurrier.
19744). It is interesting that hibernating mammals are
poikilothermic at ambient temperatures between +35
to +20°C. but il the temperature goes below this
range, then homeostatic thermoregulation occurs,
which may or may not arousc the animal (Kayser,
1965).

HIBERNATION AND SLEEP

Is hibernation entered from a state of sleep or is
it an extension of sleep? This diflicult question has
plagued hibernation rescarchers for many years. Sleep
and hibernation can be said to share at least one
similar function and that is the conservation of energy

reserves due to a Jowered metabolic rate, thus de-
creasing encrgy expenditure for the animal (Walker
et al, 1977). Animals in hibernation usually maintain
their normal sleeping positions (Lymun, 1963).

Sleep spindles characteristic of Stage 11 sleep (slow
wave sleep or SWS) appear during the entry into
hibernation in EEG recordings. The occurrence of
rapid eye movement (RIEM) sleep varics. depending
on the specics being studiced (Mrosovsky., 14713 Dur-
ing SWS there is a shght drop in body temyperature,
a slowing of the heart rate, a decrease in oxypen con-
sumption and greatly reduced muscular activity. The
decrease in body temperature appears to be regulated
in that it is rcadjusted downward during SWS
{Demerit, 1966), as it is during hibernation. Iixisting
evidence supports the view that sleep and hibernation
arc physiologically homologous, although it is not
conclusive. Recent results by Walker o ol (1977),
using EEG activity and clectromyovpraphic recording
(EMG) of muscle potentials as criteria in two species
of ground squirrels. indicate that these speoies enter
hibernation predominantly through sleep. In contrast
to the findings of other workers, they found that
below brain temperatures of 27°C there is hittle or
no REM sleep as determined by EEG activity find
that below 25°C it is primarily SWS, alithough it is
difficult to interpret the recordings at these fow lem-
peratures.

It is clear that the hypothalumus contains centers
for the control of both sleep and wakefuloess and
for temperature regulation; whether or not these
centers are associated is not known. Neuroscoretary
cells in the supraoptic nucleus appear to increase in
size as hibernation progresses (Suomakunen. 1960),
but the significance of this ncurosceretion and its rela-
tion to sleep is not presently understood.

In summary, the present evidence indicates that the
entrance into hibernation occurs through slow wave
sleep. at least in the two species of ground syuirrels
studied by Heller’s group.

PHYSIOLOGY OF HIBERNATION

Mammalian hibernation occurs primarily within
three orders: Chiroptera (bats), Inscctivora (hedge-
hogs). and Rodentia (ground squirrels, woadchucks,
hamsters), though there s evidence  that  some
members of the marsupial and primate orders hiber-
nate (Holfman, 1964). Ounly in certain specics within
the first three orders cited does hibernation occur.
The “winter lothargy of carnivores™ such as bears and
the hibernation of bats are special cases (Folk. 1974)
and will not be considered here. The remainder of
this discussion will be confined to members of the
rodent order, with particular emphasis placed upon
the 13-Iined ground squirrel (Citelus tridecemiinearus)
and the woodchuck {Marmota monax).

A common misconception about hibernation in
these small animals is that it is 2 continuous state
and the animal, upon entering this state in the fall,
does not awaken until spring. Actually, hibernation
occurs in cycles or bouts in which the animal period-
ically awakens or arouses, cats stored food i avail-
able, voids and returns to a state of metabolic torpor
within 24 hir (Lyman, 1963). I'ar example, the hiberna-
tion cycles of the woodchuck and the 13-lined ground
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squirrel can be deseribed us consisting of four phases:
activity, induction, hibernation and arousal. The fol-
lowing deseription of the phases of hibernation is
from Dawe & Spurrier (1972): (1) activity is the condi-
tion of an animal from spring to full wherein it doces
not naturally hibernate: (2) induction represents the
change which ovcurs (generally within a few hours)
from the active or arousal state to the hibernation
state; (3) hibernation is the condition of an animal
scen periodically from full to spring in which body
temperature is lowered to within a degree or two of
the environment (as low as 0'C), respiration and heart
are slowed profoundly, the animal is balled up, hair
is erect; bouts of hbernation {cach scveral days or
weeks long) recur throughout the fall and winter sca-
son; and (4) arousal is the condition of an animal
in which it looks like an active animal in all respects
but is between two bouts of hibernation. It may last
for a few hours or a few days and is vsually followed
by another bout of hibernation. .

The cyclical manifestations of hibernation suggest
that hibernators, like many other animals, keep their
behavior and physiology in time with the changing
environment i1 one of three ways: (I) a direct re-
sponse to changes in the environment, usually photo-
periodic; (2) an endogenous “clock” programmed to
respond at a specific time regardless of any external
stimuli; and (3) combined responses to the first two
listed (Spurrier & Dawe, 1977} In accordance with
this, Haffman {1964) has listed three types of hiberna-
tors: (1) “permissive” hibernators like the golden
hamster (Mesacricetus auraius) store and use food
prior to hibernation and during periods of arousal.
and hibernation s optional even in the winter; (2)
“obligate” hibernators become hypothermic or are
forced te hibernate under conditions of food depriva-
tion or cold temperatures [the pocket mouse (Perog-
nathus longimembris) is representative of this group],
and (3) the vast majority of hibernators are classified
as “seasonal” n that cach year they experience a
rhythm of preparation for the coming of winter and
a period of hibernation, followed by a season of
breeding and activity, as in the 13-lined ground squir-
rel and the weoodchuck. Pengelley ¢oined the term
“circannual thythm” for this predictable cyclic behav-
ior {Folk, 1974

What are the physiological characteristics of a
hibernator in tworpor? It has already been mentioned
that the animad shows a decreased heart rate, respira-
tory rate, oxygen consumption and a decline in body
temperature. The heart rate undergoes a decline of
90-95%. eg. 100 to around 5 beats/min. The respira-
tory rate and @, consumption drop in a similar man-
ner. Al three parameters are subject to fluctuation
during a bout of hibernation (Folk, 1974). Core body
temperature i decreased such that in most hiberna-
tors it is maindained at only 1 or 2°C above ambient
temperatures. The respiratory quotient is very close
to 0.7, which indicates that the small amount of
energy required for maintenance is derived from the
_ oxidation of fat which has been stored in the animal’s
tissues before hibernation. There scems to be a gen-
eral involutiem of all endocrine glands during this
time; thus, they all present a nonscerctory appearance
(Benedict & Lwree, 1938; Folk, 1974; Kayser, 1961,
1965; Mrosovsky, 1971). Mctabolism and heat pro-

duction may dechine to 1730 17100 of the normal
basal values for awake animals. Large oscllations in
these values may precede entry into hibernation.
Hoffman (1964) states that “by a complex interplay
of muscular activity, shivering and vasodilution, par-
ticularly an the dorsal skin surface which is exposed
to the cold, heat oss and heat production are coor-
cdinated so that the rate of temperature dechne and
the critical levels are always under rather precise con-
trol™.

That these changes occur on the tissue level has
been shown by Spurrier & Dawe (1977) for the iso-
lated hibernating heart. The ability of the hibernator’s
cardiovascudar and nervous systems to function at
temperatures just above 0°C is striking. Nerve con-
duction in hypothermic nonhibernators ceases at
around 9°C or above, whereas the nerves of hiberna-

_tors will conduct down to 3°C. It has been shown

that certain biochemical adjustments or a process of
acclimatization take place in the central nervous sys-
tem of the prepared hibernator (Hoftman, 1964).

ENTRANCE INTO HIBERNATION

The entry into hibernation may be characterized
by a series of “test drops” where the brain tempera-
ture, as measured in the classic experiments of Strum-
wasser (1959). does not decline all at once. but in
@ series of steps occurring over several days for the
California ground squirrel (Citellus beecheyi). Entry
may happen in just a few hours, as in the case of
the woodchuck. Simultancous measurements of heart
rate. O, consumption and body temperatuie per-
formed by Lyman (1958) show that in the woodchuck
entering into hibernation, heart rate drops first, fol-
lowed by O, consumption and then temperature de-
clines. Respiratory rate is the first to drop in some
ground squirrels (Landau & Dawe, 1958).

Climatic factors thought to:be involved in the in-

duction of hibernation include a low ambient tem-

perature, shortening of the photoperiod, season (fall
or winter). and the “confined air™ present in the ani-
mal's burrow (Kayser, 1961).

Possible trigger substances

Many different blood-borne substances have been
implicated in the induction of hibernation; these may
be referred to as “triggers” and include adrenal corti-
cal hormones, nsulin, an extract from brown fat (the
“hibernating gland™), electrolytes (Mg?'. Ca? 'L K¥),
brain extracts, "antabolone” and “hibernation trigger™.
The adrenal cortex involutes during  hibernation
(although the zona glomerulosa may be active) while
the medulla does not and the fatter almost cortainly
plays a role in the awakening process. The exovrine
pancreas involutes but the endocrine pancreas does
not; the role of insulin in induction remains unclear
(Kayser, 1965; Mrosovsky, 1971). Brown fat. ulso
Kknown as the “hibernating glind,” has been shown
to contain an arousal substance, but there is no evi-
dence that it produces a hibernation-inducing sub-
stance {(Dawe & Spurrier, 1974a). Of the serum elee-
trolytes magnesium has reccived the most study and
is present in higher levels during hibernation than
in hypothermia (FFolk, 1974). Of the possible factors
listed above, only “hibernation trigger™ and “antaba-
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tone” (brain extracts) shall receive further consider-
ation in this paper.

CURRENT THEORIES OF HIBERNATION INDUCTION

Although Swan (1963) first proposed that the Jung-
fish’s brown fat might be the source of an antimetabo-
lic hormone, it is the brain that produces “antaba-
lone™. The extract from acstivating lungfish brains
produced lethargy, a 35Y%; drop in metabolic rate and
a fall of 5°C in body temperature for at least 6hr
(Swan et al, 1968, 1969), while the control rats
showed no such cfiects. Nearly 10 years later, an anti-
metabolic extract was obtained from the brains of
hiberpating  13-lined ground squirrels by Swun’s
group (1977) that in rats induced almost identical
effects as the lingfish extract. O, consumption de-
creased to 65%, of control values within 30 min, the
effect lasting from 90 min to 30 hr. The average de-
crease in body temperature was 5.25°C. This extract,
dubbed “antabalone™, can be cryogenically stored
without losing its potency for several months. Similar
results obtained from brain extracts of members of
two different vertchrate classes support the concept
that aestivation and hibernation are qualitatively the
same and suggest that the same molecule, probably
a small molecular weight polypeptide, is involved in
both responses. Apparently, Kroll in 1952 (Swan et

1969) has described an extract from the brains
of hibernating animals which induced a state of
stumber lasting 2-40 days, and resembling hypother-
mic sleep when injected inte dogs or cats. Swan’s
extracts have not exhibited this degree of potency,
but there are probably differences in the methods of
preparation and cxperimentation involved. It is clear
from the data that antabalone suppresses both meta-
bolic rate and body temperature when given to non-
hibernators. How antabalone affects hibernators has
not yet been tested. -

A blood-borne substance that actuallv “triggers”
hibernation in 13-lined ground squirrels and wood-
chucks in the summer and is found only in the blood
of hibernating animals has been described in a series
of clegant experiments by Dawe & Spurrier (1968,
1969, 1971, 1972, 1974ab, 1975), Dawe et al. (1970)
and Spurrier ef al. (1976). Their major findings can
be summarized as follows:

(1) The “trigger” for hibernation is present in whole
blood, washed cells and serum of 13-lined ground
squirrels and woodchucks only in the hibernating
state.

(2) It is not present in the blood of active or
aroused animals or in blood of nonhibernators
under hypothermic conditions.

(3) Trigger acts interspecifically between  these
squirrels and woodchucks with no immune responses.

(4) Hibernation trigger activity can be cryogenically
preserved for up to 6 months.

(5) The trigger is effective as a serum or when it
is dialysed; the non-dialysable residue is not eflective
as a trigger and evidence indjcates that it may contain
an antitrigger, as does the blood of active and aroused
animals.

(6) The tiler of trigger increases with the length
of a bout of hibernation; trigger from a donor in

a long bout of hibernation will induce hibernation
more rapidly than from a donor in a short bout.

(7) Trigger is not effective when injected into cold-
adapted animals.

®) Female animals are more cffective recipients
than males whereas both are equal donors.

©) The togger will manifest its effect in winter
whether a recipient animal is placed in 4 cold-dark
or a warm window-lit room. (Sometimes hibernators
will enter a state of torpor at 4 room temperature
of around 25 C and will maintain their body tempera-
ture at 26°C. This acstivation-like state can be in-
duced by hibernation trigger.)

(10) Hibernation induced artifically by a trigger in
sununer will not end the following winter; these ani-
mals continue to hibernate, sporadically. until death.

(11) Woodchuck hibernation serum is more potent
than 13-lined ground squirrel serum.

Dawe & Spurricr (1972, 19744) have advanced an
interesting theory to cxplain their results. There are
two factors of different molecular size invelved: the
dialysable small moleeule (SM) that is the “trigger™
and the non- di'llysnblc larger molecule (1.M) that is
the “antitrigger™.  The binding of SM to LM forms
a complex molecule (CM) which inactivitics the trig-
ger. This circannual “trigger-antitrigger™ theory is
discussed in terms of relative amounts of SM and
LM present at different times of the year. Both SM
and LM are absent in the young-of-the-year and
“trigger” may decrease in concentration with age,
explaining the weakening capability for hibernation
as the animal gets older, although this is unclear. [For
more details see Pivoran (1977).]

Unfortunately, the chemical nature of hibernation
trigger is still unknown. Ocltgen o al. (1978a,b) are
currently working on this problem and have deter-
mined that the trigger molecule is bound to or closely
associated with albumin and that its physiological
role may be dependent upon changing aibumin con-
centrations. Earlier microscopic examination of the
bloods taken from a 13-lincd ground squirrel in the
summer and from one hibernating in the winter
revealed that small (1 gM) particles adhere to the red
blood cells in the winter and are found in the plasma.
Larger {10-30 uM) particles are scen in the plasma
in the spring and summer and in nonhibernating
13-ined ground squirrels in the winter. These | and
10-30 M particles might represent agaregates of SM
and LM, respectively. The same (presumably) 1 M
particles (SM aggregates?) were found in high concen-
trations in vessels in the brain (Dawe & Spurrier,
1968). which suggests that there may be sonmic connec-
tion between “antabalone™ derived from the brain and
hibernation trigger, if these particles turn out to be
the same molecule(s). Confirmation of this must await
specific chemical characterization of the two mol-
ecules.

OTHER SUBSTANCES RELATED TO
HYPOTHERMIATHBERNATION?

Now let us consider the relationship of some other
interesting substances, which have been the subjects
of intensive study in recent years, to the induction
of hibernation and/or production of hypothermia.
Recall that hibernation differs from hypothermia in



Humora! induction of mammalian hibernation il

that it is a controlled state where the animal can ther-
morcgulate, while hypothermia is not. Nevertheless,
substances that produce hypothermia in nonhiberna-
tors may prove to be natural induction substances
in hibernators. Compounds to be discussed include
bombesin and related pcptides, OpiillCS and endor-
phins, the sleep peptides, and neurotransmitter factors
released from the brain during thermoregulation.
Structure -activity relationships will certainly be of in-
terest in this discussion.

Bombesin, xcnopsin, physalacmin and litorin arc
vasoactive peptides that have been isolated from the
skin of several anuran specics that are related struc-
turally to cither neurotensin (N'T) or substance P (SP).
Neurotensin, isolated from the bovine hypothalamus,
when given intracisternally but not intravenously,
Jowers the basal body temperature of mice by 4°C.
SP shares several of the other functions of NT such
as the lowering of blood pressuie, but has not been
found to lower body temperature (Brown et al., 1976),
while the other related peptides have Jess activity.
Because both bombesin, reseiubling SP, and NT are
active in this assay and yet have different structures,
it has been proposed that they act at different recep-
tor sites (Brown ef al, 1977a). Bombesin-like im-
munorcictivity has recently been found in the gastro-
intenstinal tracts of frogs, dogs, and even in humans
{(Espamer & Melchiorri, 1975; Walsh & Holmaquist,
1970) and more recently, in the mammalian hypo-
thalimus by Villarreal e¢ al. {1978). Like somatostatin,
vasoactive intestinal peptide, gastrin, NT and SP,
{found i both gut and brain and presumably of neural
crest origin) (Pearse. 1976), bombesin is also
found in the central nervous system and may have
somc neurotropic role. The anuran skin glands that
produce bombesin arc of neural crest origin (Brown
et al. 1977a) und this lends credence to this idea.
Although metabolic mcasurements have not been
reported. 1t is worthy of notice that bombesin
depresses core body temperature in the same way that
antabalone does. It is possible that the structure of
antabalone, once it is ferreted out, may be found to
be similar to bombesin or onc of the other peptides
derived {rom anuran skin; perhaps bombesin is anta-
balone. Note, however, that Villarreal er al (1978)
have found that mammalian bombesin is chemically
and immunclogically different from frog skin bombe-
sifi.

Recently, it has been demonstrated that the hypoth-
ermic cffects of bombesin in cold-exposed rats can
be blocked by the administration of naloxone, an
opiate antagonist {Brown et al. 1977b). This suggests
that there is an opiate-dependent step involved in the
mechanism of action of bombesin. Opiates alone will
lower core body temperature in rats by as much as
4°C. fi-endorphin is the the most potent opiate in
this respect, and like the other effects of opiates and
endorphins, this is saloxonc-reversible (Bloom et al,
1976). Tseng er al. (1977) were able to show that toler-
ance develops to the hypothermic eflects of f-endor-
phin or morphine sulfate. Perhaps f-endorphin or
some other endogenous opiate mediates the action
of bombesin and related peptides in the induction of
hypothermia. There is no apparent structural simi-
larity between the groups of compounds.

Because of the seeming connection between sleep

and hibernation, we shall now consider the sleep pep-
tides as candidates for the induction of hibernution,
At least three different rescarch groups have purified
preparations that induce sleep in experimental ani-
mals. These are from the brains of sleep-deprived rats
(Uchizono ¢t al, 1975), sleep-deprived goats (Factor
S) (Fencl et al, 1971; Pappenheimer et al,, 1975), and
from rabbits receiving constant stimulation of the in-
tralaminal thalamic arca (Factor Delta or delta sleep-
inducing peptide, DSIP) (Schoenenberger et al., 1977,
Schoenenberger & Monunier, 1977). Only the structure
of DSIP is known; it is a nonapeptide and does not
resemble any of the members of the bombesin family
or any of the members of the f-lipotrophin family.
All of the sleep peptides have been found to reduce
tocomotor activity in rats, but no assessment of their
effects on body temperature or metabelic rates have
been performed as yet. All are dialysable, small mol-
ecular weight compounds, which suggests some simi-
larity to hibernation trigger. It does not seem too
far-fetched to suppose that an overdose of sleep pep-
tide could induce a hibernation-like state.

Finally, Myers & Sharpe (1968) and Myers &
Yaksh (1972) showed that ncurotransmitter sub-
stances are direcly involved in thermorcgulation. Per-
fusate collected from the anterior hypothalamus of
a cooled donor monkey induced fever in a recipient
while perfusate from a heated donor monkey induced
hypothermia in the recipient. This supports the dual
neurochemical theory of thermoregulation where in-
tracisternal injection of serotonin is associated with
hiyperthermia and catecholamines with hypothermia.
These neurotransmitters may change the ratio of
Ca?" to Na®, which has also been shown to be in-
volved in temperature regulation (Myers & Yaksh,
1972). A ncurotropic peptide such as neurotensin or
bombesin (or antabaleone?) could easily be-involved
at the anterior hypothalamic level in the induction
of hypothermia. It has already beén stated thut an
opiate dependent step may exist in the mechanism
of action of bombesin; perhaps a catecholamine is
also mvolved.

SUMMARY AND CONCLUSIONS

The terminology and physiology of hibernation
were presented, followed by a discussion of the
entrance into hibernation and the current theories of
hibernation induction. A blood-borne hibernation
“trigger” and a brain extract called “antabalone™ seem
to be the best contenders at present for hibernation-
inducing factors. The group of substances consisting
of bombesin and related peptides, opiates and endor-
phins, sleep peptides and neurotransmitters may or
may not be mvolved with the hypothermic response
that is part of the hibernation induction process. They
play a role in the thermoregulatory response or in
the control of the level of an animal's activity, but
the connection to hibernation is unclear. Obviously,
much more experimental work in the area of hypo-
thermia and hibernation induction is required.
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Manuscript concerning polar bear blood.




CHARACTERIZATION OF 7THE PLASMA LIPIDS AND
LIPOPROTEINS OF THE POLAR BLAR

Because elevated plasma 1ipid concentrations appear to prodispose Lo the
promature development of atherosclerosis, there is a great deal of interest
concerning the composition and Strﬁcture of the macromolecules fin which
Tipids are transporthAin the circulatory system. These macromolecular
comp1exes,.the serum lipoproteins, are coﬁéose& primarily of a hetero-
genous mixture of proteihs,'triglycerides, cholesterol, cholesteryl esters,
phospholipids, and carbohydrates in the form of glycoproteins. Because
of the re ady availability of human b]ood the human lipoproteins have beeg
extensive]y character1zed ( ). ReL@ﬂt?y ‘increased emphasis has
bzen placed on obtaining similar data in a wide variety of animals.. Such
information should provide a more com;rehensive'undefstanding of the Tipid
transport system in mammals. Moreover, it may indicate certain Jipo-
.proéein propertiés that are found oﬁ]y ﬁn“specfes suscéﬁtibTe to athero-

sclerosis, thereby providing important clues as to ﬁhe rejationship between

lipoprotein SLXU ture and the d“v 1ovm“nt of atherosclerosis. The present
n VA
Vo a,.‘ Q) oy {()

study of polar bears }!V+PQ«.“)L”uIF native habitat contributes addtixonal
and previously unavailable information to the comparative aspects of

lipoprotein structure in animals.



TABLE ]

Lipid Composition of Polar Bear 8100u

1
“Serum

Phospholipid Triglyceride -
Bear Day (mg/d1) {mg/d1) Free

Choies{LrOYV .

Ester rea/total
_(mg/d1) (uig/d1) |
Mo 7 180 105 165 0.39
o5 304 166 98 148 0240
F o 405 218 130 211 0.38
F o5 405 233 131 204 0.37
]

b*ew at " Tive day xntnrvals

s

Blood s&mpTes were obtained from a ;astvng mm]o (1) and female (F) polar
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TABLE 2

Fatty Acyl Composition.of Serum Lipids ‘ L

. C s N
Composition ¢

Fatty Phospholipids  Triglycerides  Cholesteryl esters
oy > Irigiycerides - tholeste
'Indiyidual
__acids
a6:0° 0.6 + .1 24 1.4 + 0.1
16:0°  11.6 + .3 A 7.8 % 0:2
18:0  37.7 + 0.8 746 1.6 + 001
16:1 5.5+ 0.4 10.9 + 1.6 14.6 + 0.2
18:1  27.2 % .1 33.8 + 2.8 25.7 + 0.9
18:2 2.5 + .2 3.1+ .4 0+ 0.4
18:3 3.4 % .6 4.6 1 1.0 0.¢ + 0.2
20:4 3.4+ .2 2,3+ 0.1 M4 0.7
20:5 4.4 + .1 2.7 .9 0 29.3%1.4
22:5  0.8% . 3.6 + 0.4 L+ 0.3
22:6 0.4 + .3 13.7 + 3.2 8+ 0.1
Others 2.5 + 0.4 3.1 + 0.6 0+ 0.2
Fatty acid classes B »
Saturated 49.9 12.3 0.8
Monoenoic - 32.7 <. 447 .. 40.3
Polyenoic 4.9 £0.0 . 47.8

Yeach values is the mean + SE of 4 samples

ZY@ta] fatty acids containing less than 16 carbon atoms



TABLE 3

Lipid Composition of Plasma and Isolated Lipoprotein Fractions

Chotesterol

Serum Phospholinids Triglycerides Total
Fraction Amg/dr) (mg/d1) ~ (mg/dl)  Esterified (%)

385 + 14 . 199 + 15
30+ 7

167 113

P19 5

298 + 24
9+ 2"
121 + 19

Intact Plasmé i . )
VLDL 7+

LDL 70 £ 5
HDL 30

™

170 + 6 -

61 + 0.4
0

51 +
78 +

3
.].
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Figure 1
Column Chromatography of Isolated Polar Bear
“Serum Lipoproteins.

After pre pgrative ultracentrifug:
lvooprot in fractions were furth
using agarose column chromatography. Tﬁ
cm 1.D. x 40 cm column packed with onq“1

50 M from ‘Bio-Rad Industries was employed.
2.5 ml of the lipoprotein samp}e vas supplied
to the colwmn and 0.154 M Nall containing
0.1 mg/ml of EDTA was used to develop the
colum. The flow rate was 50 cm/hr, and
3.9 ml fractions (80 dr ;;) viere collected.
Absorbance was measured at 280 nm.  The
solid Tine represents the elution ;;of le

f the isolated LDL fraction and the dashed
Tine represents the profile o7 the isolated
HOL fra caion

tion, the
er pﬂx?fiLJ



Figure 2. .

SDS-Disc Gel Electrophoresis of Isolated Polar Bear Aﬁo HOL

Apo HDL samples were prepared by adding SDS to a final con-
centration of 1%.  Fiftyul of polar bear apo HDL in 107
glycerol were layered in 12.5% gels. 2-Mercaptoethanol was
‘not added in the electrophoresis system in g2l {(a), but it
was present in gel (b). Electrophoresis was carried out at
8 whAmps per gel for 8 hr wusing a 0.01 ¥ phosphate buffer
containing 0.1% SDS, pH 7, according to the method of leber
et al. ( ). Staining with Coomasie blue and destaining

was done according to the method of Fairbanks et al.(






