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1. INTRODUCTION: MITOCHONDRIA, 
ENERGY AND CELL DEATH 

Much af thr hunng Ian th., occurs in old age. I r 
~ 'byncun l ,  isllkcly to& due ,",he lung-term detmorat,on 
ofLr  m#to~hoadr#a in Ihr. ecllr of Ihc urhlea. 

Mllmhondna are Ihc ma," energy-pmducmg EtmClUrPr Of 

cell3 1" order to coup1c as muoh rnrrgy as pn lb lc  for the 
pmdunm & A n ,  h~eh energy clalons, or~g#nally f m  L r  

" .  " "  . . 
Ovswcducban of  ROS cm among olkr acllon, damage the 
m 1 n r  and Ilpldr or the m,locho"dna. merieong Wlfh the 
r l l g a  orlheclecaon lmpon cham. nnd rhcn tndurr further 

an. m hi ."d r poliala. I, r *I a rr'. L a unrlrlr 
L,  .,rn .. 11,. p r n c r k  l n ~ranr t on pore ow- III m 
m.mchandc .I lnnrl mcmhranc Inc l m  n vrmran o m I ru  
m I2 Irr mur  4.a. rm:n d p n  hc uronulor man.- uf 

*,I1 I r . , V ~ " n l  t.,J \ d c m l  Inrlras. 0" nun hl 

nlc .me I~J IS  &a R I  .bundl a .h p-..ln.. 
Ik n w t ~  %.~IIhchort.r I ~rnlu.nnt#rrrdtr 8hr n:\lIncl 

. . 
nccum,,late to a ru,lIcim, level to tmgger the pmgramed, 
ryrrmatlr, dcrtndio" or ,he -11 and I t8 cmlmln I" this 
ray, s f  a -11 has many rick miloehondna, the whole ell v l l l  
be rsmovsd fmm Ihc organism. Put m an allematm m y ,  tbs 
whole -11 now EommlfJ Iulelde and Ih9ref~re Lh. .EX -11 is 
unable to csurr fllnhcr damns, to the o w n ~ m  [I]. 

pmnlh ,ha thnemn~umrrr  mny kavocded. howwer, st 
bath ,he mitochandn.1 and orllular Icvdl. rcp1avmmt has 
poblnnr. Mitmhandnn, lhkc Ihc bsrfcna fmm whlch Uley 
evolved, mta in  ,ha,, own wparatr genrtic system, and 
qEpmducc by dw#d#ng. The milmhondnal g e m e  a copled 



n8"m , 1, A,,,*,. ,,,,,"',,o"d,,a ," ,,,e ,,,,a >a>,", ,,,~,,, ,,lC 

mouri. rochL I rilvun D? hhluLrrrkirlrd nilmlns Thi.sma 
I S  t b  ml.,ah*lidl* b h l ,  anm< rrrrlon mcmhnne , k t  
pmaur<r r i r  I.ndRahkrr Lm,""llal and ramer Cnddymph. 
whrh mgelher p r v r l d ~  m~rS). Tor r a h l c v  Fvnil8,ln In 
lhls ntu. ,he nnr Ir S" <",ex A N v c  rnllahondnir .IT 
bnshlly sulnal, qrlnn 1 l a m  bilofbackgrwnd rlalnln& 

mc xtlvr ml~~mndnn m r e n d  chmuehnvt cllE rm. 
bul .rr rvvnd m.,n,y In a L," lay" 7" Wh. iomalondlng 
CIhC *s.lcnd,"itb. mvglnsl~~l l r  VhlEh cnnls,nmany of 

I h c m r m r y  .nryma me heml,a,>ondna Iendlobc d u n m d  
amund the cell?' """let. WhlCh are "on .,.mmg N"lC 
dlbrencc m a l e  fromPan* 

(L e crllr ~ 8 t h  muelel) In add~lton, m#lmhondna hare some 
DNA repar m a .  although hmltd m hlnnlon m m p a d  

the -poLr e m r  roc the e s 5 '  ,, d e a r  8cnomle 
DNA P I .  The enzyme that copla m#mhmdnrl  DNA. 
mllochdnal polymnaw-/\(pol-A) ha. mnc or*- ,#on 
capabiliw, 8ilhough w lh  a mlonvely hwh snor ratscmpwed 
rrth lhe m p m d m g  m q m c  for the el ls '  nurlcar DNA 
[31 Wnlk orldnflvc drmagc to milahondrlal DNA ean he 
efficlenlly removed In "1"" 121, other rypss of  damage, ,uch 

lhe more amp~cx the nuc~ootlde modlficatcons, 
be mwh heas sfhri8nlly rrmnved Ban mfh mwr of nvolasr 
DNA The rcpalr af rnutaad mltahondnal DNA n slvo 
dependea on the stale of  fhc ocll. a ~r less cfhmmt #n crllr 
vnfh n low m8tahondnal polmtoal. hut rmcs fhcr d l $  are 
alro mom llkely lo c n l  apaplmq b e  ceull u < h a  although 
fhnrm~lwhomdnal DNA 09 nolrrmsomnsd, sn lw  more 



explm why inhenled m u m  loads have urually been found 
to decmma wllh a s  in renwnhle t~nsues rush as rpilhellal 
crllr and hlmd [I ]  The nmoval of cells u n  therefore he 

h m ,  mualc ~sl ls.  and m y  e l l s  Npa n f  the mner car 
Hm. the ad.p(nuon Is dcfinltsly nm-aduanmsou.. and 
m~moch0ndn8lly-~ndurrrlapoptor~rumcvcnmally wmpmmlre 
the funellon of fin, the whole organ, and, #n u r m ~  cara. Ik 

fcw. mllochondnn) The mumions may not be ra rrvcm 
lo that the orpnmm k m r  non-vmhlc and d m  early m 
Id, the mulntcd mltahondnal DNA corns. to populater all 

outer ha,rollb.whlrhcon~mb,ghIwrl.orm,urhondn.. 
sm ammg the first to dcgm- lo Ibp m n  car Why 

fibres rhlch make synaptic connectcorn wcth thzm have 
nman, sparre nynnp3n. and, nr fa, a cunent '"fornu".. 
gal, do not genrntc m h,$h rnts o f  amon poteoua1r (I31 
In can- m mumnq the e m w  mu~rnm* OTSFCIC 
nainty are lhkrly to be a major mnrribvtor to arcdalwe 
sms [ Iq .  ~echarmnnduc~ton ar vather w i b l c  sncm 
demand. Howeve Ihc nxrhmoumrduro wmn, I, mainly 
=.rid by K'. ~ h i ~ h  now= p.lnvs~y thm~gb the dourn 
is d-hrmncal gradlenl M w c m  =la mrdn and scsll 
fympan,, and thmfors should no, mat. enrrgehc dsmsnds on 
thecell [IS] Sgncfioanl dcmand may bemade by CP*, whlsh 
also enlen through thu mrrh.notranducnchanneln [48], and 
whxh m vefy far fmm #la ol?clrochrm~cal equllibnum withm 
the "ell. and wh,ch t h e n f a r  "FI~J to b actluely m o v e d  
The hgh conssntmlcon ofmifoohondnarvovndtha h l a t o s l  
wallsofthsoutr halrecll%(Fig IA). Ohmugh whrhtheC.'* 
would have lo be remwcd. wggent? Ihal this mnW b the 
ms,m nu of mew &nand. Hourvcr, men IS oo &fi"i,l"< 
~ l h m s o n  Uur pol"L 

The slna wculatis is a second mmprtanf sit. for 
~ ~ W W U R I  h ~ n g  10s [so] CLIIS such lu the mamm.~ 
cell3 and b a d  cell%, whlrh arr heavily mvolved an 
,on pvmp1ng and whleh have E high concmtrstron of 
mltorhondrla and a high energy conrumpt,on, hscoms 
unahlr to gcn~rate the cndoeochlsar potensal. The lattsr 
forms the battery thal drwcr fhc opcratlon of the ham cellr 
and the organ o f  Cons, nnd when the cndocochlearpotenlml 
fallr, hssrlng loss 18 a eonrequ.n.e. 

Rwove oxygen sp ies  (ROC1 are rnponsihle for mmr 
Oipll~furhloar&mge,w~~hmhttchhndnaandndm~tochondnal 
DNAamgIbpuposnblelag~U Knockout o f m  mhoxdml 
cnrynr ~alled Our-I. which m l t r  in &nrrrl levels o f  

ROS in orrua, r l ~ a l c r  avd~loly Ihrerholdr and lncwra  L s  
~ ~ ~ ~ ~ ~ c a d t t y  IO amunr muma 1161. n o s  mdural by ths 
applmurn of paraquat to thc inncr ur calua heanng 108s 
and loir o f  ha"  all^ [49]. ROS 13 LDYOIY~ ID some forms 
of ototonclfy produNon of ROS m the cochlea 1s enhanced 
by both sm~noglycosida antlhmller and by esplatm, whlls 
aoti-oxldme can pmwdo s m c  pmlccflon [c.g. 18 221 The 
m#tachondnal tmn.;ilion pox 13 mvolvrd m the apopunr 
sbr ammoglym3,do ototoiicliy r m u  hlorktng the pore 
Wth eyelorponnA ppnlally p m c U  agmlnsl the olotorinfy m 
caALwe1231 A d o r  ovcntlmulal~onralr.psoxidst~rrdam~e 

.. . 
milorhondnaauw a loss ofof imncy of elemon -on. 
a0 r b t  still more ROS am pmdurcd, wlllng off the vrlour 



4. PROTECTION FROM HEARING LOSS 
lNHlBlTlON OFTHE CELL DEATH 
PATHWAYS 

mr or hrlr dlr h a WUIX or lmlutlc 
,mum and aoto.ir,xy, With apopra,s (nherwlrp born .r 
popammed all death) lnclndcd a3 a mrhsnlsm k.a 25 - . . 
271 P m b l n ~ k m u m a r l h e c ~ p a s s a c L ~  blochemlcalnpls 
wlthlncelldealhp.thways; hore"rr,mIhcpmsmcPof~aspilrv 
mhrhfors. ha,. COII~ suwlve dosa or amlnog~ycmldc, or 
c#iplntcn thnl ur,uld o t h m m  he lelhnl [28 - 301. Momover. 
d mnnbcrs of mother f~mily o f  proteins c d l d  Bcl-2 are 
o m r o d .  crll dnlh 8s mh8blted. md ha" crllr w d  

"npn.c.l:d b) h: alir\,V..cu H.1.:. nlunnJn. I,. 
Irly..:. c d.Xnn:un a',- u;h,w.; r n l l r r  r . l , . n t  

h .runlr ~t w n m x  ~ h r  n.ua T-• MLII. ..+* hit 

and so pr~motc cdl~lar ~ u w ~ v s l  under 8tre3s I cg  401 The= 
latter results ruggcrl that m the ahscncc of such facton, the 
IPOPCOIIS that occurs afier an msull may k an rvolut~onary 
lddptabon whmh m Ihc porrmilonc e l l r  ofthe -hln, m not 
always ns.rsvlry or md& adusnllgmus. 

T k  awmrnt3 UuL apply to -st," mum. or ofnor," 
damagealso apply foagt#ng Ommmmon change mmmonly 
lbvnd ~n agslng, and v h l d  7s - to  d m L  I? what 1s horn 
arfhc 'common a g m g  d d ~ f f f f '  I t  1s s delmon of4.977 has  
palm from the m~fuehondnd genome that awn as s mult 
o f  nnomalour snnenl#np of the m#tochondr#nl DNA dunng 
nphamn or thr genome BW a .I [ I , ]  round that 14 nut 
of  17 pat~rnU wfh prerhyscum had dctrelahlc levels d t h o  
4.977~hp dclrlion m lhwr m h l u r  t l u v n  pml mom hut 
h L  the delsllon W I 3  p m n f  in mly I o f  17 prism wlth 
normal audlogramr. The 4.977-bp drlnmn ws mors common 

dipruplion of lhrlr mllochondnr Some of Olc mehanlrm. 
that the body has wolvrd to pmnct ntd r  agmnst damagsd 
mllochondna, many of whlcb reflect the baelcrial ongm of 
m,lnchondna. have negmvc wnsqumel  There lnslvds 
the progmmmcd death the V U I D ~ ~ I ~  CCIIS thc 
ear, lkadmg to hcanng lou. Howm, thm; 0s orldrnce that 
=IIS an O U ~ ~ W , ~  LC ~~~r~ or hmze at ~ h , ~ h  
the pmm& dl death pslhsqv normally klekr ~n I f  lhm 
nalhvny can be lnhlhltrd m csllr o f  the lnnrr car, lhsre m the 
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