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Apdrract. — Jtndies were wade of the
effect of cold exposure and hibernation
{1-3 months at 5°C) an succinate res-
piration of liver mitochondria in ham-
aters  and  chipmunks.  Measurements
which were made included; 1) nilo-
chondrial respiration with cxecess exogen-
ous substrate, 2) milochondrial respira-
tion with exces2 cxogenons substrate plus
ATYP, 3} respirafory stimulation caused
by ADD addilion, and 4) efficiency of
oxidative phogphorylation., Snuceinate-
ADP respivation was increased in mito-
chonrdria from hibernating chipmunks
and decreased (both with and without
added ADP)Y in hiboroatlng hamstors.
Respiration and phosphorylation were
unalecied in chipmunks which Jdid not
hibernate during cold exposure but suc-
vinate respiration was deercased and Lhe
P:0 ratio increased in nonhibernatfing
cold-exposed hamstory,

The purpose of this investization
was to study the effeet of cold ex-
posure and hihernation on oxidative
activity of liver mitochondria iso-
lated from various species of hibep-
nators, A wealth of data has ae-
enmilated over the voars on natural
mammalian hibernation (Tiyman and
Chatfield, 1955} and these studies
have demonstrated that the phenome.-
non of hibernation is not precisely
the sawme among all mammals and
differs even among various familics
of rodents (Lyman, 1954), Rela-
tively few studies have heen carried
out, however, investigaling possible
differences between hihernators at

the eellular and cuzymatic level, As
a result, our knowledge of the eelln-
lar clhanges effeeted by hibernation
is limited, The greatly decreased
general metabolism observed in dor-
mant animals, however, makes the
cellular metabolic events which oe-
cur during hibernation of special in-
terest.

A limited number of studics have
been carried out measuring the oxy-
gen consumption of various tissues
of hibernators, such as ihe liver, nius-
cle, kiduey, brain, and brown fat.
Some of these studles have reported
& slight reduetion in the oxyeen con-
gumption of brain and kidney slices
in the hibernating hamster and the
hibernating ground squirrel (Hook
and Barrou, 1941; Kayser, 1954;
South, 1998; and Mever, 1959).
Meyver also reported, however, that
the respiratory activity of cardiac
and skeletal muscele fissue increases
by 60-1209 during hibernation in
the ground squirrel. Chaffee et al.
(1966) staled thaf liver mitochon-
dria from hibernating ground squir-
rely were H0% higher in the oxida-
tivn of speeinate than were control
milochondria.,

In muny of thoese studieg, it has
been woted that certain hibernators,
particularly the hamster, show an in-
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constaney wher entering hibernation
whike they are expused to cold in the
laboratory ([Pchl, 1963} sneh thal
somde of the animals may never hiber-
nate. Comparisons of cellnlar metah-
ghism between hibermating animals
ahd eold-exposed anlmalg which have
failed to hibernate bave been made
by measuring oxidative activity of
the tissues of both gronps of antmals.
Daonyes and Hasset (1960Y observed
that in the golden hamster the res-
piration of liver slices acinally in-
creases dfter cold exposure or hiboer-
nation. Himilarly, nereased suceinic
oxidase activity of liver mitochen-
dria was found in both eold-exposced
and hiberuating lamsters at 37°0
{Challee, 1057 ; Chatfee et al., 19617,
Tnasmuch as & similar increase oc-
curred in both hibornating and co'd-
exposed bamsters which did not be-
come dormant {Chaffee, 19571, Chat-
fue stated that the inereased meila-
boiic capacity refleels a response to
eold exposure and ig not a result of
hibernation itsell. A study by
Molaaseh et al. (1960), howevsr,
tailed to confirm thig view; they re-
ported no sionifieant alteration from
the control level in the rate of oxy-
ven consumplion by liver mitochon-
dria of hibernating hamsters.

I'ne pregent study was undertaken,
thercfore, to learn more about the
cellulay retabolic changes which
take place during hibernation by
studying liver mitochondral activ'ty
in animals exposed o eold. The spe-
cific objectives were: 1) 10 compare
the cffects of cold exposure in two
apecies of hiborpators, Hesocrtcetus
auratus, the golden hamster, and
Pawvias shegtus, the castern chip-
munle, to sgee IF any differences in
cellular aetivity during hibernation
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are apparent in these fwo species,
and 2V to compare the results ob-
tained on hibernating animals with
those obtained on animals, also ex-
posed to eold, but whieh lail to hiber-
nate.

MarErIang anDp Meritons

Hstern chipmunks were irapped on
the campus of The Zennaylvania Stute
University. Mighteen of these c¢hip-
munks, both males and femules, were
exposed to 5°C for -3 months, Six of
the chipmunks eonzcred hibernation
while & others died during exposure to
cold. The remaining 6 chipmunks ox-
posed to cold remained active and showed
no signs ol Lecoming forpid. These
cold-exposed aclive and hibernating chip-
munks (plus 6 controls maintained at
an ambient temperalure of 247 £ 1°C)
were used to siudy Lhe effcet of cold on
liver mitochondrial regpiration.

In addition, twenty adult male ham-
store, (purchuased from the Con Olwon
Company, Madigon, Wisconsin) were ex-
posed to the sume cold temperature for
1-3 months and ten otherz were main-
tuined at amhient temperature, Six of the
cold-expoged animals hibernated while 3
died during exposure. The remaining
cold-cxposcd  animals remained active.
The cffect of cold on liver mitochondrial
oxidative metabolism was then studied
on 6 cold-exposed, 6 hibernating, and 6
control hamsters. ALl animalg  (both
chipmunks and hamsters) were fed
Purina Laboratory Chow and water wd
TiBdtainn,

"he entire procedure for the isolation
of the mitochondria was carried out in
a cold room (1 to 2°C). Animals were
killed with a sharp blowion the heoad,
aud the Jiver wag gquickly removed and
maced into an ice-cold isolation medium.
The izolation medium contained 225 mN
maniitol, 75 mbM sverose, and 01 mb
WIYPA, Tlemogenization of the tissne
wag carried out hy foreing a rotating
Teflon pestle to the hottom of the grind-
ing tube. Wazhed mitochondria were
then prepared Ly diterential cenlrifuga-
tion in a refrigerated contrifuge ac-
cording 1o the wmethod deseribed by
Schncider (10848}, The nitrogen content
of 1the mitochendrial preparation was
delertmined by the micro-Kieldahl meth-
od described by Ma and Zuazaga (19423,

Measuremenis of respiration and phos-
pherylalion wore made polarographicaliy
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at 26°(C using the rotating oxygen elec
irade as originally described by Chance
and Williamg (1955) and the Oxygen
Monitor Bystent manufactured by Yellow
Springs Ingtrument Company., The 1e-
getion medinm used has been deseribed
elgewhere (Frohin and Anthony, 1965).
Mitovhondrial substrate respiration was
measured by udding 0.15 m) of the mito-
chondrial suspension to 2.0 ml of the
reaction medinm containing substrate.
Alter measuving mitochondrial respira-
tion on exogenons subgirate lor approxi-
mately 34 minutes, 0.01 ml of .05 ™

©ADI was added to the reaction mixture
in order to measure the substrate-ADP
respiration rate.

Resurrms axp CoNoLUSIONS

Table 1 sumimarizes the results ob-
tained on the mitochondria of con-
trol, cold-exposed, and hibernating
chipmunls., Two typos of measure-
ments were made. These wera: 1)
the efficieney of oxidative phosphory-
lation as reflected by the P:() ratios;
and 2} exogenous substrate [(snc-
cinate) and cxogenous gubstrate-
ADP rates of respiration. Respira-
tion walues repreosent X =8I, in
uM O, see/mg of nitrogen. The R,
value vepresents the respiratory
stimulation caused by the addition
of ADP. It is evident from these
data that the I':0 ratios remain un-
altered in svashed mitochondria in

ante 1.
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cold-cxposed and hibernating chip-
munks. Likewise, snccinate respira-
tion iz unatfeeted in mitochondria
from both groups. The R, values
gshown in Table 1, however, indicate
that ADP stimulated substrate res-
pleation more in hibernating animals
than in either control or cold exposed
chipmunks. Further examination of
the data indicates that 1hiz elevaled
R, valne is due o a significantly in-
creascd substrate-ADD rate of res-
piration in mitochoudria from hiber-
nating chipmonls.

The respiration rates and PO ra-
tios obtained on hamsier liver mito-
chondria are lound in Table 2. Awin
the results obtained on hibernating
chipinunks, these data show that the
PO ratio remaims unchanged from
the control level in hibernating ham-
sters. ln contrast to hibernating
chipmunks, however, respiration
rates are slionificantly reduged in
mitochondria from hibernating ham-
sters,  Buecinate respiration is re-
duced by 33% and suceinate-ADID
respivation is reduced by 26%. The
R, value s the same, however, for
the hibernators as for the controls.
Also in vontrast to the chipmunks,
the results in Table 2 show that the

Efect of Cold (1-3 monthy at 5°C) and Hihernation on léixogencus

RBubstrate Respiration and Phosphorylation in Chipmunk Liver Mitochondria.

‘ Succinate K ]

Chlipmunks N | Buccinate plus ADP N P:0

Control, ... .. . oL, 6 077 = 04| 494 & 29 64 & 2| L6005

Hibernating., .. .......... .. 6] 085 = 03 ‘ 6.52 £ 43 7.9+ 3| 1.57 & .02

Coldxposed. . ...\ . ... AT .o?‘ 5.07 4+ 45| 6.3 4 4163 + .04
TP 0

TP 0L
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greatest response to ADIDP addition
veenrred in mitochondria from ham-
sters which failed fo hibernate, Tix-
aminationn of these data indicates
that the clevated 13, value observed
in cold-exposed hamsters is due to
a lowered rate of snbstrate respiva-
tion and is not due to an elevated
substrate-ADD rate of vespiralion.

Thus, there appears to be rather
significant differences at the cellular
level between hibernating ehipmunks
and hibernating hamsters, The muast
obvions difference is in mitochondrial
suzeinate-ADP respiration. In sub-
strate-ADP rewplration, substrete
andl ADP are present in execss,
Therefore, the main rate-limiting
factor of respiration s the concen-
tration of funetional respiratory
uunits present in the mitochondria.
Thus, the clevated R, value observed
in hibernating chipmunks appareat-
1y reflects an inereased eoncentration
of funetional respiratory units in
liver tiggue of hibernating chip-
mmnks. Tu contrast, the reduced res-
pivatory rates observed in mitochon-
dria from hibernating hamsters in-
dicates a decreased concentration of
funetional respiratory units in the
liver tissué of these animals
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Although suceinate-ADDP rospiva-
tion remaing unaltered, there docs
appear to bo sienifizant differences in
mitochondrial aclivity belween ham-
sters and elipmunks which were ex-
posed to cold but which failed to
tiibernate. Suceinate respiration, un-
altered in eold-exposed chipmunks, is
slightly reduced in cold-exposed
hamsters, Substrale rate of respira-
tion may be influenced cither hy the
availability of endogenous ADT or
by the voneentration of functional
respiratory units, Since the coneen-
tration  of funetional respivatory
unils appears to be unchanged dur-
ing eold exposnure, it would appear
that there is a lower availability of
enclogenous ADD in mitochondria of
cold-exposed hamsters, This might
oeeur i mitochondria in which phos-
phorylation and respiration become
more tightly coupled. This conelu-
gion is substantiated by the clevated
P:0) ratio fouund In mitochondria
from cold-exposed hamsters {(zee Ta-
bie 23,

Thus, differcnees in cellular meta-
bolic activity were noled between
hamsters and chiprnunks in both the
cold-cxpoged and hibernating groups.
Thiwe results sigeest, therefore, that

Tapre 2, Efiect of Cold-.(1-2 months at 5°C!) and llibernation on Exzogonous
Bubsirale Respiralion and Phosphorylation in Hamster Liver Mitachoniria.

o |
Suecinate R )
Hansters N Succinate plius ADP & P:0O
Control. oo 61034 1002|217 013 40+ 1134 =003
Hiberaating. ..... . ... .. 6036 2000 151+ 003 43 + .2 1,40 + 0.05,
Cold-exposed. . ... ........0 6 0.47 + 0.0l 2,18 = pos| +.7 + .11i'|.'453 + (.03

P 001
tE o 05
SR 62
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differences between hibernators do
axist at the cellular and enzymatic
level. Tpasmuch as nitochondria
from eold-exposed animalg showed a
different respiratory activity than
mitochondria from hibernating ani-
mwals, the results do mot appear to
agree with carlier reports (Chatffee,
1957} that the altered motabolic ca-
pacity observed in hibernating ani-
walg merely refleets a response to
sold exposure and is not a result of
hibernalion, itsell. Tt should be
noted, however, that the study by
Chaffec was carried out at 37°C
wherens in the present study, mito-
chondrial activity was measured at
25 Thus, it would appear desie-
able thai additional sindies be per-
Formed at various temperatures.
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