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AngTRacr. — Thoe offect of cold ex-
posure (4 weeks at 2 to 5°C) on the
oxidative phosphorylation and respira-
tion of liver mitochondria and liver
homaogenates in vats was studied. The
studiez  were made polarographically
neing the Clark ~ype oxvgen electrode.
Rospivation was measured with added
exogenons  substtate  (guccinate), exo-
genous substrate plus ATPE, and exo-
genous substrate plns ADP. No altera-
tiona were cobserved in mitochondria
from cold-exposed rats. The ADP:0 ratio
was significantly lower and the zucei-
nate-ADP regpiratory rate was signifi-
canily higher in  homogenates from
cold-exposed rats,

The experimental work describod
here wag designed Lo investivate in
detail the effect of eold exposure on
cerfain of the tissue metabolic para-
reters thal characterize cold aeeli-
wation. The pursuit of this sludy
was cncouraged by the conflicting
results previously reported in mea-
suring these parameters, Tor ex-
ample, Smith and Fairhurst (1958)
sugmesied that oxidative phosphory-
Tation ,that is, the conversion of
ANP (adenosine diphosphate) into
ATEP  (adenosine  triphosphate),
which 18 normally coupled to celln-
lar respiration, may become partial-
I¥ uncoupled in the mitoehondria
of  cold-exposed animals.  Several
studies of oxidative phosphoryla-
tion using liver homogenates and
unwashed liver mitochondria [rom
cold-exposed rats tend to sapport
this hypothegis (Ilannon, 1930
Panagos et al, 1958; Lianides and
Beyer, 18607, Other studies using

fiver witochondris  from  eold-ex-
posed rats have failed, however, to
demonstrate an uocoupling of oxida-
tive phosphorylation {Patkin and
Magoro, 1960; Challee of al.,, 1961
Irehn and Anthony, 1962.)

Tn an attempt to cxplain these
apparenily contradictory  resulis,
Patkin and Masoro (1960) suggesl-
o that oxidative phosplorylation,
a mitochondrial event, may be reg-
ulated by extra-mitechondrial fae-
Lors. This supgestion wag basod on
the finding of SHmith (19607 that
an unconpling of oxidative phos-
phorylation in cold-exposed rats oe.
curs only in systems where other
cell components are present in ad-
dition to the mitoehondria. Thus,
it 15 presumed that these coxtra-
mitochondrial factors may be re-
moved on preparing washed mito-
chondria (Smith, 1960},

Aldridge and Stcuer (1963) mea-
gured oxidative phosphorylation in
cold-cxposed rals, using bolh wash-
ed and onwashed [iver mitochondrial
preparations. In contrast to the
finding of Swmith and Fairharst
(19583, however, they Tound that
the liver mifochondria from thase
colil.acelimated vats did not differ
from normal rats in theiy I*:0 ratios
{number of moles of ADP phos-
phorylated per grarm atom of oxygen
consanied ) in cither the washed or
unwaghed preparations.
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In addition to the studies on ox-
idative phosphorylation, additional
investigations have suggested that
augmented rates of tissue oxygen
conswtption may coniribute Loward
inervased non-shivering thermogen-
ests during cold exposure (Ilannon,
13607, TIn support of this sugges-
tion, some invesligators using tissue
homogenaies or tissue slices (Tlan-
non, 19588 ; Clark et al, 1954, You
and Scllers, 1951 have found an
inercased rate of tissue oxygen eon-
sumption in cold-exposed rats. Oth-
ers, using mitochondrial prepara-
tions, have failed to show such an
tnercase n the rate of tissue respira-
tiort (Smith and Fairhurest, 1958,

Chaffee el al., 1961; rehn and
Anthony, 19627, Aldridge and

Stoner (1063) observed no increase
in o oxygen cousumption in o either
washed or unwaghed Tiver mitochon-
drial preparations from cold-exposed
"ats,

T 38 becoming inereasingly evi-
denrt that the @n witre deternmination
of the metabolie responses ol anld-
exposed animals is markedly in-
fluenced by the wmethod of tissue
proparation, The present study was,
thercfore, underlaken with the alin
of attempiing fo help clarily the
conflicting reports by Turther in-
vestignting the differences belween
Tiver mitochondrial and  homogen-
ate respiration durving eold exposure
morais,

MAaTERIATS AND Mrrirond

Ten adult female strain CFE (Car-
worth Farms) rats were exposed w a
conlinuous cold environment of 2 to
5°C for 3 io 5 weeks, Thesge animalg
{plus 10 eomtrols maintained at an am-
‘bient temperature of 24 —+ 1°C) were
used to study the eifect of cold on liver
mitochnndrial  respiration. A second
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group of six rats was cxposed to cold
for 1 weeks to siudy the efteet of cold
on liver homogenate respiration. Again,
six controls were maintained at ambient
temperature.

Waushed mitochondria were preparcd
according to the method deseribed by
de Duve et al., (1855). The eniire pro-
cedure lor the isplation of the mitochon-
dria was carried out Jn a eold room {1
to 2°(). Animals were killed with a
sharp blow on the head, and the liver
quickly removed and placed into an
ice-cold igolation medinm, The {solation
medinm eontained 226mM mannitol, 75
mil  sueroge, and .1 mbkl EDTA.
Homogenization of the tizsue was ecar-
ricd out hy forcing a rotating Teflon
nestle to the bottom of the grinding
tuhe.

The tissue used lur the study on rat
liver homogenate respiration was pre-
parcd by subjecting the homogenized
tigsue suspension Lo slow speed ceniri-
fugation (B00 x g for 8 minutes) in or-
der Lo remove erythrocytes, nuclei and
ntthroken eclls. Measurcments of res-
piration and phosphorylation were
made polarographically, vsing the ro-
leling oxygen electrode as originally de-
seribed hy Chance and Williams (1935)
as well ag the Clark oxygen eleclrode
28 deacribed by Strickland et al., (19607,
The reaction mediwmn contained 45mbd
mannitol, 15 m¥ soerose, 40 mhl K01,
20mM MgCl, 20 M phosphate bufier.
pH 7.2, and 10 mBl =uccinate. Ten
microliters of 0,05 M ADP were sdded
to determine the ADP plas substrate
regpiration rate and efliciency of oxida-
tive phosphorylation. In addition, 20
maieroliters of 0.1 M ATP were udded 1o
ihe homogenates during the reaction
to determine the subatrate plug ATP
rate ol reapiration.

Rresvrrs ann CONCGLTRIONS

The results of the study of the
effeet of cold exposure on respiration
and P00 ralles in washed liver
mitochondria are shown in Tahle 1.
Respiration values represent X —:
S5E. in xM O, second/me. of nitro-
gen. The R, wvalue represents the
regpiratory stimulation with ADP.
Suceinate was used ag a substrate.
It is cvident from these data that
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TarLe - Effect of cold (3-5b weeks at 2-5°C) on exogenous substrate respirva-
tion and phosphorylation in 1at liver mitochondria.

Suceinate
Rarts N Buceinate plus ADP R, P:Q
Control 14 0383 = .01 11 = 20 7.4 167 = .64
Cold-exposed 1M nTe = 03 505 + .20 7.8 1.62 = 03
the B0 ratio remaing unaltered in that  ATP stimulates homogenate

washed mitochondria from cold-ex-
posed rats. Likewise, it appoars that
the exposure of rats to cold has no
cffect on the sueeinate respiration
of lTrver milochendria, o addition,
the R, values shown in Table 1 in-
licate that ADI stimulales respira-
tion in the colid-exposed group to
The same cextent as in the controls.

To determine whether a supres-
wion of 70O ratiox in cold-cxposed
ratg oceurs whin other cell compon-
ehis are present in addition to the
mitochondria, studies were also made
o homegenales,  Thege data are
summarized in Table 2, Tn contrast
to the results obtained with washed
liver  mitochondria, it was found
that the T:0 ratios are gienificantly
decreased in Hver homogenates from
wold-exposed rais.

The measurements which  were
made on liver homogienate resplra-
tion are also shown in Table 2 and
nelude: (a) anbstrate  (sueeinate}
regpiration, {b} substrate plus ADIP
regpiration, and (¢} respiration in
the presence of execess substrale
s AT, Previous work hay shown

respiralion in Lhe presence ol excess
exoeenons substrate (Zieglery et al,

19633, Thiz stimulation probably
is due 10 an inereased ADD con-

centration regulting from the de-
phosphoryvlation of the added ATT.
The ratio of the substrato-ATD rate
ol respiration to the subsirate rate
of respiration provides a measure
of the ATPase activity of the cells.

The results suggest that homoe-
genate respiration in the presenec
of excess substrate (suceinate) s
unatfected by cold exposure. Tike-
wise, exposure to cold does not ap-
pear to caase any alteration in the
APase activity of the liver tissue.
This ix indicated Dy the lact thai
homogenates from coutrol rals are
stimmlared by addition of ATP 1o
the same cxtent as are the cold-ex-
posed rats.  These rosults are In
agreement  with  previous  reporis
that  ATPuse activity does pob
¢hange during cold exposure (Han-
non, 1859).

The data in Table 2 also show
that the addition of ADP to the
tissne homogenates stlinulates sub-

TavLe 2—Eftzet of cold {4 weeks at 2.5 on exogenous subhstrate regpiration
and phosphorylation in rat Hver homogenates.

Buccinate Succinate
Rate N Succinate plusg ATP plus AP R, P:0
Control o & .28 += .0 .33 =01 85 = 03 ) 202 = .02
Cold-exposed 6  0.28 = .01  0.34 =01 104 * .03% 1% 1.74 =+

Rl

P < 0L
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strate respiration to a greater ex-
tent In the cold-exposed animalg
than it does in the controls. Thus,
the maximum rate of tissne homo-
genate regpiration (Le., respiration
in the presence of exeess exogenous
substrate and ADI") is significantly
greater in the cold-exposed ruts.
This increase ix in confrast to the
unaltered sucecinate-ADI respira-
tion observed with washed mitochon-
dria.

Thus, the finding in the present
gstudy thati the I':0 rpatios are do-
creased only in liver hoemopenates
from cold-exposed rats and not in
washed mitochondria supports the
finding of Smith (18607 that sueh
4 suppression of 0 ratiog oceurs
only in systems where olher cell
componenly are present in addizion
to the mitochondria. The vesnlts
also aprcee with earlier reports that
an increaged rate of respiration can
be observed n liver slices and homo-
genates  from eold-exposed rats
{(Ilannon, 1960; Clark et al., 19543,
but that no increase oceurs when
the measuremenis are made using
mitochondria (Patkin and Masorn,
1960 ; Chaffee el al, T961%, These
data indicate that there 1z an in-
creased concentration of funciional
respiralory units in liver tissue of
eold-exposed rats. They also indi-
vate that respivation, like oxidafive
phosphorylation, s influsnced by
gsome  extra-mitochondrial  faclors
which may bhe washed omt in ore-
paring purified mitochondria.

It is of inferest to compare these
results with those obtained by Al-
dridee and Stoner (1963) who fonnd
o change In P:0 ratios or rates of
regpiration in either washed or mm-
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washed mitochondria from eold-ex-
posed  animais. One  explanation
would be that the extra-mitochon-
drial factors, which need to be pres-
ent in order to demonsirate these
changes in cold-cxposed rats, may
he lost cven in the preparation of
anwashed mitochondria.

Deupite the lack of change in suh-
strate respiration and ATPase ac-
tivity, il would appear that adap-
five changes at the cellular level do
oceur in the ral during cold expo-
sure which vesult in an accelerated
rate of cellular respivation and a
decrease 1 the cfficlency of oxida-
tive phosphorylation. Tt iy further
suggested that thege resully are most
cagily  demonstrated  when  whole
tisue homogenaies rather than wash-
ad mitochondria are uvsed, These
adaptions presnmably aid the rat
by inereasing its capacity to produce
heut and thns maintain its normal
body temperature in the eold.
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