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SUMMARY
| Vitémiq E (gl—qfcocophefol)'deficiéncy-in rats.increaséd the.seASiFivity"‘
of 1fVer'and mQSclé micbchondria'té'damage during'iﬁcubation»at»varidus
'temperatdres, 1rradiatioh with visible-iight, or s;eadybstate rgSpiratioQ
with substrates;_vln all cases, vitamih-Eqdeficient’mitpdhOndria exhibited
increésed iipid peroxidation, reduced trahémémbtahe potential,'decréased fj
' respirétory éohpling; and lower rates of electron tfansport, compared to
. control mitochondria. 'Muscie_mitoéhondria aiwayé showed greater negative
-innér membrane surface charge density;»and were aiso moré sensitive to
damage than were liver mitochondria. Vitamin E deficient mitochondria
also showed slightly more négétive inner membrane sﬁrface'charge deqsity
éoﬁpgred‘to controls. “The relationéhip'between greater negativé surface.
1potential and iﬁcreased sensitivity to damége pbserved, pfo?ideé for a ﬁéw
‘and sensitive method to further.prqbé ;he role of surface‘chagge in membrané"
.strucfpre and fqnétion; Implicatiéns of chese,néw'findings for tﬁé.weliv B
knowﬁ human mgScle myopathies and those experimentailyvihduced.by Vitamin

E deficiency in animals, are discussed. -



INTRODUCTION

The bidlogical role of vitamin E (dl*l—tocophetél) haé Becn‘exteqsively‘.: 
discuéséd.» Vitéhihiﬁ has bgen shqwn to actbas a po&érfui anﬁiéxidant in
‘the liﬁid matrix wheré'itnis located (1). Vitamin E also seems'té“be , “
required as a stfﬁétutal cﬁmponent and can provide stébiliCy for membranes
conCaiﬁiﬁg polyunsaturated fatty acids (2). In‘addition, vitémid E has
becen pfoposea to‘act asla catalytic or fegulato;y agent in Intermediary
metabolisﬁ (3). Howevgr;'at presenglno_dccailed hyﬁdthesis exiscé’wﬁich pﬁovides"
a'cqmbrehensive;explanatidn»for cbe mau& effects of vitamin E. Since
oxidécive damage 20 lipids add pro;eins.will naturally 1ea& to élteration
of membréne.structure and function, the characterization of such effects
may lead to‘a fuller'undérstanding of the physiqlogical role of vitamin E.

Tﬁé effect of Qitﬁmin E dgficiency onbtissue'oxidation has: been the
subject of several earliar>studies. Excessive rates of respiration'ffom
Skeiétal muscle have beenwrepéatedlyldeﬁonstrated in nutritgonal muscular
dystrophy produced by deprivation of vitahin E'(A). Al though some authors
have suggested that the increased oxygen consuhption might be due to higher
ATPase activities in musclevciésue, they were unabie to demonétrate any
d;ffe;ence iﬁ ATPase activity between muscle and liver homogénates,‘during the
early.br late sﬁageé’of.yiﬁamih E deficiéqc§ (5).f ThereAhaslbeén‘éome évidence
that vitamin E aéfic1ency uncouples-oxidatiﬁe phésphorylation in muscle |
homogenates (6). A recent review ofvthe:lttératu;e ;éporting,o# tﬁe en;Ymétic
activities ofaaninnls.deficient in or supplemenéed with'vitémin'E shqwé |
diffgren;'aﬁthors claiming contradictory results, thereby addlng to the
.overali.scgge bflconfusion’(7,8). | |
- Ve chose.to focusiopr Qttentlon on the protéctive rolevof vitamin E

against membrane damage. Previous work from ouf.laboratory (9-11) has’



clearly demonstrated the role of oxidative and photooxidative damage in
thevmechanisms of inhibition of electron transport, and uncoupling of

rat liver mitochondria: Flayinvcontaining'dehydrogenéses (e;g.,”succinate .

.dehydrogehase) were shown to be the most sensitive components of inner

,mitdchondrial_membranes to photooxidétive damage, wheniincubatéd at temperatures

. of 10° C of'less._ The present. study investigates damagevto'membrane'integ:ity

and structure under conditions (temperature of 26° C, + ;llumination,

shorter times ofﬂincubatiéh) where sucgfnate dehydrogénase is only slightly'

inactivated. - Preparations of liver andvmuscle mitOChond:ia from control

'and:Vitamin E deficient animals have been used in order to elucidate the

differential sensitivity of these membranes :ofoxidative mechanisms of

damage.



. METHOQS-'
R Animalsj- Maie'"Long Evans” rats nere pdrchasedrfrom Simonsen
Laboratories (Gilroy, CA).weighing:approximately 100 gm each.

Diets - Two different diets were purchased from BioServ Inc; (French-
’town, NJ)t' Bio-Mlx #1331 had less than 1 IU of Vitamin E/Kg .and Bio-Mix
#1332 had 21 1U of Vitamin E/Kg. During a period of approximately lOO
days, a -group of 8 rats were fed Bio-Mix #1332 and were denoted control
"animals. Another group of 8 rats were fed Bio-Hix #1331, and were denoted
vitamin E deficient animals (E-). The severity of vitamin E deficiency. in
E- rats was assessed by a standard blood hemolysis test (12) The E- animals o
.exhibited 93 + BA,hemolysis, compared to 10 + 3% hemolysis for controls. |

Mitochondrial Preparations = Liver mitochondria were prepared according

" to established procedures (13) : The isolation medium used was lSO.mM'
mannitol, 75 mM sucrose, 1 mM Tris'buffer and 1 mM EDTA (pH 7;4). For the
last centrifugation the- mitochondria were washed in 0. 25 M sucrose and
finally reeuspended in this medium at a concentration of approx1matiey

70 mg protein/ml. Muscle mitochondria-were prepared by grianding, trypsin
incubation, and homogenization as-previously described (14). They were
washed twice in 0.25 M sucrose and resuspended in this medium at a. concentrationvv
of approximately 35 mg/ml. Protein concentrations were determined by a
Biuret me thod (15). |

- I1lumination Conditions --InCubation of’dark and~light samples: was as

.'previously described (lO) The. light source was a battery of 300 W quartz
lodide lamps covered by a 400 am. cut-off filter (Corning #3389) . The net
light intensity as mcasuied by a LI-COR LI-185 Radiometer was L7'mE cm~2sec”l,

For studies of light or dark incubation at 26° C, mitochondrial suspensions



.(IO mllat 10 mg/ml) were piaced,iu SO mlvErienmeyerfiasks anu siowiy.
shaken in avwster bath at é6°_C.V Dsrk sambleS'were incubated under the
same sonditiOns; but inside flasks covered uith aluminum foili.

o ABsorption spectra of the”mitochondrial suspensions_ac‘O.AImg protein/ml
;were'ueasured:inls“Duallbeamispectrophotometer beEween AQd‘nm.and.750 nm.

Electron Transport - Rates of oxygen uptake were determined in a Rank

okygen‘polarograph (Rank Bros., Cambridge,-England). Assays were perfdrmed

at 37° Crwith 1 mg protein/mi'in afmedium adapted (14) from'thatibf»Dou‘(l65,

consisting of 15 mM KCl, 0.4 mM NAD+ 45 mM sucrose, 12 mM mannitol 5 mM

MgCl,, 7 mM EDTA O 2/ bovine serum albumin, 20 mM glucose, 30 mM K* PO, and

25 mM Tris (pH 7.4){ Substrates were used at ;he fellow1ng concen;rations:}

20 mM glutamate;ilO mM pyruvate 4‘2.54mM malate, 10 uM sucdinate'+R4>uM

/ rotenoue. vsﬁste III‘and_IV rates Af dxyenuconsumption and respiratory eonﬁrol

'ratios (RCR = ‘ stste 111 rste"of 09 consumption/srate IV rate of 09 COnsumption)

‘were determined according to Chance & Williams. (17) ‘with 0.2 mMIADP.' Tue

uncqupler carbonyl cyanide p-trifluoromethoxyphenylhydrazone (FCCP) 'was

| used at 1 uM. Dicyclohe%ylcarbodiimide (DCCD,Vl uM) was emplpyed as a .

blocking aéent for rhe passage of prdtonsvacross the ATP'synthetase complex

" when measuring the effects of steady state respirasiou.
Succinate_dehydrogenase sctiuity'was measured‘with puenszine me thosul -

fate as intermediate electron acceptor snd»dichlorophenolindephenol,as final

: Acceptor (18)

Lipid Peroxidation - Malondialdehyde produced during lipid peroxidatlon
wassdeCermined as fpllows.ﬁ | |
, TOFO,Z‘uI of.mitochondrial'suspénsioh (equivalent to 2 mg. of protein) .
'O.S‘ml'df double~distilled water was added, followed uy 2 ml of the stock
reagent 15% (w/v) trichloroacetic-acid;_0.375% (w/v)ithiobaruiturie acid

and 0.25 thydrochloric acid. Ulastly, 15pl of a 2% (w/v) ethanolic solution of



butylated:hydroxytoluene'was added to abolish anyvmetalrcatalyzed'auto-.'
' oxidation of lipids during heatin° with the . thlobarbituric reagent. The
mixture was heated for 15 minutes in a boiling water bath and, after cooling,
A the'flocculent preeipitate.was removed by centrifugationvat 1000 x 8 for .
10 minutes;. The absorbance‘of the sample Was‘determined at 535“nm against
"a blank that contained allithe reagents'minus the mitochondria. .The malon—-
dialdehyde concentration of each sample was calculated using an extinction'
coefficient of 1.56 x 105-M‘1-cm‘1 (19)

The detection of lipids containing conjugated'dienes.was performed;
as followSt B |
One milliliter of mitochondrial suspension (equivalent to 10 mg protein)
dwas mixed thoroughly with 5 0 ml- of chloroform—methanol (2:1), followed by
centrifugation‘at 1000 x g for 5 min_to separate.the phases. Of the_lower__
-vchloroform layerv 3ml were recovered using a‘syringe and taken to dryness
in avtest tube at 45°. C under a stream of ‘nitrogen. The lipid residue was
bdissolved in 1.5 ml of.cyclohexant and the absorbance at 233 nm determined

against a cyclohexane blank. The molar extinction coefficient used was

2.52 % 10441 -cm1 (19). - | .

Surface Potentials - Changes in the.electrical surface potential of
mitochondria were determined-from changes in'oartitioningfbetween the
aqueous -and membrane environment of the positiveiy:charged paremagnetic
kamphiphile 44(decyldimethylammonium);l-oxyl-z,6,6,6—tetraneth}l piperidine
bromide (CAT10) andlthe-uncharged spin label 2,Z-dimethyl¥5,5—metnylhepty1-
N—-oxazolidinyloxyl (2N9>. Equal'volumes of mitochondrial suspensions (10
mg protein/ml) and of a'Solution of 0.25 M sucrose, lOImM KPO4 (oH 7.5)‘
lSO]JM CATlo (or 2N9) and 0.5 mM potaSSLum ftrricyanide, were mixed and allowed

to equilibrate for abOut 3 minutes. “The electron paramagnetic resonance



(EP?) specrra_of sueh'suspensions were recorded wirh‘a'Varran E—109E_
.spectrometer..f' | |

| *The particion'wasndefined as the rario of Spin 1abel eoncentration inf_fv
the aqueous medium to the concentration on the membrane. These concentra— .
tions could be readily determlned from the EPR spectra of - the spin probes
(Figure 1) (20 21) Earlier studles have demonstrated that the mitochondrial
outer membrane contrlbutes relatlvely little to- the tOCal blndlng of such
spin probes, compared to. the inner membrane (21) Changes in membrane surface
.potential were-estimated as a function of the zero time partitioniné of
‘the probes. fhe<absolute value ofwthe'surface potentiai was not determined,
since this would reduire measurement of the partition'of CAT1 9 between
the.mltochondrial membranes and the aqueous env1ronment at high and zero
1onic strenéth, both ‘of which are technically impossible due to loss of
‘ mitoehondrial integrity.

: Transmembrane Electrlcal Potentials - Changes in transmembrane potential

establlshed 'by substrate energized, mitochondria, were calculated using a

| tetraphenyl phosphbniumvelectrode (22). Calculations of transmembrane

poCentials assumed that tetraphenyl phosphonium distribution between mitochondria
: and medium followed the Nernst‘equation and‘tnat the mass‘conserration law'
applied. Mitochondrial Qoiumeawas asSUmed ro ‘be l;il/mg protein and final

volume nas'3 ml.. Mitoehondrial:concentration wasbl,mg/ml- tetraphenyl -
phosphonium concentration of the medium was 5 UM and tetraphenyl phOsphonlum

concentratlon in the electrode was lO M.



RESULTS

Inactivation §f Electron Transport:

All mitoch§ndrial_samples_showed ﬁo change in succinate dehydtogenaseb
| act;vity after 3 hours of incubation in the dark, and even the activitjvéf
illuminafed samples had degreased by.at most 30% (éompared_to zero time
yaiqes), in'agfeenent with earlier results (10). ASignificant differences
.betwéeﬁ control ;nd E- samples, and liver and‘husclé samples, could not be
ascribed £o differénceé in.light absortion, since aerobicvsuspensions 6f.
liver and mﬁscle mitochondria diéblayed éimilar absorption épectra. Muscie
mitochoqdrial.sus%enéions ébéorbed about 107 less light than'liQer miCOchdndria
“in the whole visible fange from 430—760'nm, Between 400 and 430 nm, where
flavins absofb strbhgly,.bo;h suspensidns absorbedvcomparable'émpuﬁts of
light. - Whether différénceé.between livgr,énd muscle mitochondria reflect
the in vivo state,‘or'werg‘éaused by,isolation procedﬁres.was not‘aSCertained;

| For'the,live; mitochondria, in both dark and illuminated samples,

state -1V rates of respirétion reméined fairly constaﬂt during the firsﬁ
two hours of‘incubation degreasiﬁg.shafply after that. 1In the case of
muscle miCOChoﬂdfia,.for both dark and illuminated samples, state IV rates
of respiration increased quicé éubstaﬁtially du;ing the first hour of
‘induﬁation, decreasing dramatiéally thereafter (data not shoyn)..'Similaf
Tates of sﬁate III respiration wérelobtained by the addition of ADP or FCCP. 
At zero time, st;te III rates of fe;piration were simila; fqr,éontral and
E- iiver mitochdndfia but’ were 1owér’in E~ muscle mitochondria than control
muséie»mitochondria. All sampies showed a steady décrease in staté I1I
rates of respiration during incubation (data not shown).

ResPiiatOry contfol_;atios during incubatioﬁ (i‘illumination) Qe;e

always significantly lower in the E-'sahples‘compared to controls, except



in the case of livef mitochoﬁdrié_kebt.in‘the'dark (Figu?e 2).

ThegleQélé of malondiaidéﬁyde‘producéd during incubation (Figure 3).A'>
reveaitthéc zér§ time»leQels wefe.alway; gréater'in'mUSéle mitochondria |
thén}iq liver»mitochoﬁdr;av(fo: both control and E- samples). Initial réﬁes'

of formation and .the final concentrations of malondialdehyde pfesent, were'.

always larger in illuminated samples.  Throughout the incubation, the

levels of malondialdehyde were consistently higher in E- samples; furthermore,

diffefencés betwcen the concentrations of malondialdehyde found in E-
and cbh;r01~samples increased with time of intuacioq.‘ In geﬁeraL,Awhen -
maiOndiaidehydé'lgvelé iﬁcreaééd above about 4-3 nmdléé/mgfprotein; mitochondria
were uﬁéoupied. ~The measuyement of lipids contéining conjugated‘dienes
(Table I) indicated tﬁat éonjugateé‘diehe 1evelé incré?sed with time of incu-
bation and were.higher:in the E—.éaﬁples. | |

When iﬁcubated on ice in'tﬁe dafk, oﬁly E-~- muscle mitochOndria éhowed a
la?ge decrease in RCR, duriﬁé a'3 hour period (Figure 4). The decrease in_
RCR could be almost totally agéribéd to increases in state IV rates of
respiréﬁiou, indicafivevof uncoupling. State III rétes qf respiration

did not change significantly during the incubation for either control or

- E- samples. Attempts were made to alter thié»pattern of respiratory

, uncbupling‘in E- samples by addition of the antioxidant buty}aCed'

hydroxytoluene (BHT) or the sulfydryl agent (reduced) glutathione (Figure

5). During three hours -of incubation, BHT slowed somewhat the rates at

"which the RCR decreased due t0'uncodplihg of state IV respiration. Both

réagénts, hoWevef; lowered somewhat the levels of malondialdehyde produced.

Uncéupling During Steady State Respiration
The effect of prd1onged steady state respiration on the coupling of

mitééhond;ié was also_studied.' Mitochondria (1 mg/ml) were incubated in

“an open Rank Oxygen PolarOgraph at 22° C for various lengths of time in the



preégngevoftpyfuvate.+ malate and DCCD.lfThese suspensions ‘were not illuminated. .
‘The 0 concentration in.the medium remaipéd approximately 200 M. At Qarioﬁs
tiMes during inégbatioq, the oxygen pdlarograph was éapped to enable ﬁeasurément ‘
»of'basallrates of.réspiration. Makimal rates of respir#tiod were‘genefatedr' o
by the addition éf FCCP and thevrespiratory tontrol‘index (RCi = uncoupled

rate of 09, consgmptioﬁ/baéal-rate of 09 cohsumption) calculacea. It is

clear tﬁat fhe control Samples always exhibited higher.RCI thanldid g~
samplesI(Figu:e-ej,' Furthermore, after 30 minutes of iﬁcubation, the only sample
that was almost cpmpietely dncoupled (RCI = 1.2) waé»the E- muscle. ALYl Ehe
others still showed a_RCI.of'Z Qf h;ghef. Compared- to conﬁrpl.sampleé, the

E; samﬁlés of'musqle ﬁitochondria_lbsﬁ their RCI fgster than'qid E- livéf;
mitochondria. |

Surface Potentials

"Differences in_éurféée potential ariéing from the outer surface of the
Inner membrane; of muscle and liver mitochondria were obse;ved‘at zero.time,
and during incubation (+ illumination)'at 26° C (Figure 7). Differences in
partitionipg.of‘the 2N9 probé betWeeﬁ the various samplés was negligible,
implyingAthat hydrophob;c interactions with amphipathic'probeé were not altered.

Sﬁrface potential measurements révealed that -the surface poten;ial‘of
muscle.mitochondria was.always sﬁbsﬁantiallyﬁmore negative than ;hat‘of li?er
mitochondria. 'We élso observed that L—- samples exhibited slightly more négati?e
surféce p@tentials thaﬁ did control samples, both for;muscle.and iLver'
mitochondria; these differenées wete, however, n&t always significant.

Transmembrane Potentials

Changes in transmembrane potential generated during respiration, as a
function of incubation time (+ illumination) at 26° C are shown in Figure 8.

For. muscle mitochondria, pyruvaterﬁalate was employed as substrate.

10



In the casq'bf liver:miﬁéchondria, transmembréne botentialé generated by -
this'gubstraté wére small énd succinaté.was used ;nstéad, ,The.resulté
'-consiéﬁeﬁtiy'shéwe& tﬁat Cpqtrollmitochéndria deyelobed a larger trans-.
.membrahe po?ential.than did E- ﬁitoéhondria, thét muéclé mitochondrig
were more réadily»;ngcpivated thaniwé(é‘liQer mitochondria, tﬁat when
samples were illuminaﬁed ﬁheir capacity to generate ;ransmembrane'pbtentials,'
de@ré;éad more readily than‘thac‘qf_dark sambles, aﬁd'thaﬁ when E- sémples
were.illuminated léss of transmembrane potential waélmore.raﬁid than fbr

controls.

11



.DISCUSsION

Vitamin B defiqiency hqs beén clinicglly.implicated ;n muscular and .
neuromusguiar diseases an& in ﬁhe sehsifivity of Lung, liVer,_red'blodd cells,
and ﬁlateiéts'to.dam;gé; Animal models of vitamin ﬁ deficiency:have'provédA'
e#tremely useful in the study of many of these phenomena. | |

a) ﬁuécie‘versus liver mitochondria suscepéibility‘to damage .

It appears that thevefféCCS of vitamin E défi;iency in rats:include
marked increases in hitqchondfial sensitiviﬁy to.dﬁmage; This 1is pérticularly
conspicuousfin.the c#selof'ﬁuscle_mltochondpia and may well pfovidé a cluei
aé'ﬁo why vitawin E deficiéncy causes nutritiouai muscular dystrophy (24,25)
and why, in human clinical studies, it ﬁas been implicated in neuromuscular
myopathies (see articles by M.A. Guggenheim et‘al} and DaPrRe Muller et al.
An this VOluﬁe).: The direct'éffects‘of vitaﬁin E on membrane s;fucture
havevalways_beeﬁ hard'to assess oging to its iow molar ratio.in relatioﬁ
to phospholipids (about 1:200 for the inner mltéchondnial membtané). The
important physiongiéal role of dl-0-tocopherol #ﬁ protecting inner mito=-
~ chondrial membranes, may'atisevﬁartially through its antioxidant properties,
al;hough its Strudtural stabilizing propé?ties may also be'imporéént, Siﬁce
1ipid peroxidation may strongly affect structure and perunability, these
two aépect§ may bé-closciy related. :

: b). Surface potentialé; | | ‘

The observation of‘inc;eﬁsed sensittyit; of mitochondria witﬁ greater
negative surface potentiai to damage, and of small changes in membrane
,sprface'chafge‘density.accoméanyingIQitaﬁin E déficiéncy, prévides a new
aﬁd scﬁsitive method with which ‘to further investigate the effec£ of Qitamin ,
E deficiéﬁcy and- surface chérgé on membrane structure and function.

In~aqc6fdeith pfeQioué results from ourvlabofatory (9-lL), the inacci-
Qacion effects.are.enhanced by‘visibﬁe light irradiation. These alterations

12



are always hofc pronounced in thé mitochondrial samplgs with more négactve
surfacé poceﬁcials (L.e., mbscle.vs. liver and E- vs. control).

.The‘inter-relaﬁionship be tween more negativé surface potentials and

greater sensitiﬁi;y to démagg Aay arise'ffom differences in'ﬁhe.ioniér
nature oE‘bLnding of extrinsic proteins to memﬁranes (sce nrcléle by S§.8.
.Shapiro et g1.~ih this Qplpme) and from changes in ﬁhe'inceraccion betuwecen
’int:iné#c éombongntsvin membraﬁes;(see grtche by . Sayare et él. in

this volume). 'The effect ié partichlarly cleér'invthe‘éase of muscle

V8. tivef mitochonJrid,.but is also found for E- mitochondria gompared to.
coatrols. Tﬁese.gifferences are maintained during‘thé course of {ncubation
+ i;lumination and Although émall,:are consistent.,' -

'Whécher lipid peroxidafion causes the loss of mémbrahé functional
“integrity (réépiratory controi, transmembrane pptenciél) or whether functional>
loéses;facilitate Lipid ﬁerqxidation; is'nof known at érésen;; It i§
founakthat;'undef cértﬁin'conditions, Antioxidants.slow down éach pquess; ‘f

) _Tempernture'effects; |

The effect of temperatﬁre in the overall inaccivattdn also éppears to
be important. Earlief experiments performed with liver mi;ochondria at 10° C
showed that the-respifatory contr§1 ratio was still high after 12 hours pf
incubation in'the dark, and that loss of state III respiration followed
sucéinaCe;dehydrogenase inaécivation d@ring illumination (10Y. In. the present
study, we sth'thac_when 1nc§bated at 26° C, both iiver and muscle mitochondria
(+ illuminétibn),léése théir‘resﬁiratory cont:ol,.andAstate III rates of
resbiration‘aecrease.by 75% within 3'ﬁoufs. Since succinate dehydrogenase
is onl;‘BOZ inactivated even in the light,»dectedsed-faCes of substrate
dehydrogenation cannot'expiaih tﬁe loss of overéll’eleCCron trﬁnsporﬁ. It
appears possible that decreased state III rates.are precipitated by diminished

‘electron' transport between respiratory components in the disrupted lnner

13



membranes. Clearly, at higher tempcratures (26° C), modifications of the
electron transport chain and/or the structural integrity of ‘the membrane
are more severe than at 10° C. The lack of protectlve effect of reduced

glutathione suggests that sulfhydryl groups are probably not involved in

" the mechanisms of inactivation. The increased perturbatlons to membrane

integrity at higher temperatures could‘afford an explanatlon to some of
theAdamage we observe in muscle following exercise (26), elnce it is well-
known.that dhring”physical activityjthe temperature of muscle tlssue
. increases significantly‘ (27). Moreover, the eecreased levels of latency’
fo; cellulnr enzymes and in resplratory ‘control of-mltochondrla and the
. increased levels of 1ipid peroxidatton and stable tlSSUG radicals, which
‘accompany vitamin E deficiency in rats (26), may account for the 1ower exercise
enduranee caoacity of these animals.

d) vSteady-Stateerespiration; E

Tne effect of steedy'state respiration onfuneoopling of mitochondria
(28) may be related<to the.well known superoxide anion generation dnring
state IV respiration (29). This possibility is especially interesting
since E- mitochondria are eubstantielly more sensitive to damage-during:”
steady'state respiration than are’conttol mitocnondria; Such findings are
consistent with‘an antioxidant role fon vitamin E in tne mitodhondriel membrane.'
Annabsttact'of-some_ofnthe.studiesnrenorted in this work hnS'already appeared

(30).

14
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' TABLE I

MITOCUONDRIAL CONCENTRATIONS OF CONJUGATED DIENES

- BEFORE AND AFTER ILLUMINATION ‘AT 26° C

. o - Conjugated
Mitochondria_ o L Diene Concentration
(nmoles/mg protein)

0 Time 2 h light
" Control - 0.9 0.28
Liver . : : ‘ ‘ '
E Deficient 0.41 0.50
Control - S 0.19 0.56
" Muscle - ' : :
E Deficient’ B - 0.49 ‘ . 0.99
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FIGURE ‘1.

. FIGURE 2.

FIGURE 3.

FIGURE 4,‘

FIGURE 5.

FIGURE 6.

FIGURE 7.

FIGURE 8.

FIGURE LEGENDS -

'Ele¢tron paramagnetic resonance spectrum and partition of

a CAT probe in the preéence of membranes.

Effé@ts of light and dafk incubation at 26° C on mitochondrial .

respiratory control ratios. Standard deviation for.réspiratory ,

contr61 ratios was + Oli.’

Effécts:of light and dark incubatioh‘at 26° C on mitocﬁondrial
malondigldehydebéoncentfations; Stanaard deviacion for'maldndif |
aldehyde cbncénprations was + 0.2 nmoles/ﬁg; |
Effécﬁs'of dafk‘indubation at15° C on muscle mitdchondrial stéte'
I1I aﬁa.IViregpiration; ana respiratory'cﬁntrql‘rétiOS} Standafd

devLationAfor'respiration-rates was + 5 nmoles Oz/mgfmin and

- for respiration contrbl ratios was + O.1l.
'Effects of dark incubation'at_5° C with antioxidants oun ‘muscle

'mitochondrial r¢9piratory'cOntroL ratios, and'malondialdehyde

condeﬁtra;ioﬁs. Butylatéd‘ﬁydroxytoluené was used_ét.211n and>
gluta#hione (feddéed) cdnééntration:was 1 mMi"Standard deviation
as in Figures 1 and 2.

Effects of sﬁeady staté reséira;ion at 22° C on muscle mito-
chondria; feépiraCOfy contrbl indiceé, Mitochondria were in-

cubated with pyruvate—malate and DCCD for varying periods.

‘Uncoupled rates were_dbtaingd following“the addition of FCCP.

Standard deviation in respiratory control index was + 0.2.

’

' Effects of light and dark incubation at 26° C on mitochondrial

" surface charge density (surface potential). Standard deviation in

surface charge density was + 6%.

Effects of light and dark incubation at 26° on mitochondrial -
‘transmembrane electrical poténtial. Standard deviation in trans-

‘membrane electrical potential was + 5%.
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