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The phenomenon of gr owt h, decl i ne and

deat h- agi ng- has been t he sour ce of consi der -
abl e specul at i on ( 1, 8, 10) . Thi s cycl e seems

t o be a mor e or l ess di r ect f unct i on of t he met a-

bol i c r at e and t hi s i n t ur n depends on t he

speci es ( ani mal or pl ant ) on whi ch ar e super -
i mposed t he f act or s of her edi t y and t he ef f ect s
of t he st r esses and st r ai ns of l i f e- whi ch al t er
t he met abol i c act i vi t y .

The uni ver sal i t y of t hi s phenomenon sug-
gest s t hat t he r eact i ons whi ch cause i t ar e basi c-
al l y t he same i n al l l i vi ng t hi ngs . Vi ewi ng t hi s
pr ocess i n t he l i ght of pr esent day f r ee r adi cal
and r adi at i on chemi st r y and of r adi obi ol ogy, i t
seems possi bl e t hat one f act or i n agi ng may be
r el at ed t o del et er i ous si de at t acks of f r ee r adi cal s
( whi ch ar e nor mal l y pr oduced i n t he cour se of

cel l ul ar met abol i sm) on cel l const i t uent s . '

I r r adi at i on of l i vi ng t hi ngs i nduces mut at i on,
cancer , and agi ng ( 9) . I nasmuch as t hese al so
ar i se spont aneousl y i n nat ur e, i t i s nat ur al t o
i nqui r e i f t he pr ocesses mi ght not be si mi l ar .
I t i s bel i eved t hat one mechani smof i r r adi at i on
ef f ect i s t hr ough l i ber at i on of OH and HO,
r adi cal s ( 12) . Ther e i s evi dence, al t hough i n-
di r ect , t hat t hese t wo hi ghl y act i ve f r ee r adi cal s
ar e pr oduced nor mal l y i n l i vi ng syst ems . I n t he
f i r st pl ace, f r ee r adi cal s ar e pr esent i n l i vi ng

cel l s ; t hi s was r ecent l y demonst r at ed i n vi vo by

a par amagnet i c r esonance absor pt i on met hod

( 3) . Fur t her , i t was shown t hat t he concent r a-

t i on of f r ee r adi cal s i ncr eased wi t h i ncr easi ng

met abol i c act i vi t y i n conf or mi t y wi t h t he post u-

l at es set f or t h some year s ago t hat f r ee r adi cal s

wer e i nvol ved i n bi ol ogi c oxi dat i on- r educt i on

r eact i ons ( 11, 13) . Ar e some of t hese f r ee r adi -

cal s OH and/ or HOzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA� or r adi cal s of a si mi l ar

hi gh or der of r eact i vi t y, and wher e mi ght t hey

ar i se i n t he cel l ?
The most l i kel y sour ce of OH and HO, r adi -

cal s, at l east i n t he ani mal cel l , woul d be t he
i nt er act i on of t he r espi r at or y enzymes i nvol ved
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i n t he di r ect ut i l i zat i on of mol ecul ar oxygen,
par t i cul ar l y t hose cont ai ni ng i r on, and by t he
act i on of cat al ane on hydr ogen per oxi de. Thi s
f ol l ows f r om t he f act t hat i t has been known

f or many year s t hat i r on sal t s cat al yze t he ai r

oxi dat i on of or gani c compounds ( 5, 6, 14, 15) ;
OHr adi cal s ar e bel i eved t o be i nvol ved i n t hese
r eact i ons ( 13) . I r on sal t s al so cat al yze t he de-
composi t i on of hydr ogen per oxi de t o wat er and
oxygen- a r eact i on t hat i nvol ves OH and HO,
r adi cal s ( 16) . Fur t her , r ecent st udi es i n t hi s
l abor at or y on t he i nact i vat i on of r at l i ver cat -
al ase suggest t hat t he OH r adi cal i s i nvol ved .
The cat al ane act i vi t y of t he homogenat es bot h
i n t he pr esence and absence of hydr ogen donor s
such as sodi um bi sul f i t e, sodi um hypophosphi t e,
pyr ogal l ol , and mer capt ans r emai ns r el at i vel y

const ant under an at mospher e of ni t r ogen.

However , i n t he pr esence of ai r , cat al ane act i vi t y
r api dl y decr eases and t he r at e of decr ease i s

accel er at ed i n t he pr esence of t he hydr ogen
donor s . I n addi t i on, met hanol , et hanol , and

sodi um f or mat e ( compounds ( 2) whi ch ar e

oxi di zed by hydr ogen per oxi de i n t he pr esence
of cat al ane) st abi l i ze t he enzyme i n t he pr esence

of ai r . A f r ee r adi cal mechani sm i nvol vi ng t he

OH r adi cal has" been i mpl i cat ed i n t he anal o-

gous degr adat i on of hemogl obi n and myogl obi n

( 7) .

Thus, al t hough t he evi dence i s i ndi r ect , t her e

ar e good r easons f or assumi ng t hat t he changes

pr oduced by i r r adi at i on and t hose whi ch ar i se

spont aneousl y i n t he l i vi ng cel l have a common

sour ce- t he OHand HO, r adi cal s . These ar i se

on t he one hand t hr ough t he di ssoci at i on of

wat er and on t he ot her l ar gel y by t he i nt er ac-

t i on of t he oxi dat i ve enzymes wi t h oxygen and

hydr ogen per oxi de . ( I t i s not unl i kel y t hat

ot her met al - cont ai ni ng enzymes, such as vi t a-

mi n Bl � whi ch cont ai ns cobal t , al so cont r i b-

ut e . )

The manner i n whi ch a hi ghl y r eact i ve r adi -

cal such as OH woul d exer t i t s ef f ect on a cel l

i s obscur e . However , i t woul d be expect ed t o

r eact f or t he most par t near t he ar ea wher e i t



was pr oduced and t o r eact wi t h t he mor e easi l y

oxi di zed subst ances such as DPNH, or t he r e-

duced f or m of t he f l avopr ot ei ns. They woul d

al so be expect ed t o r eact t o a cer t ai n ext ent wi t h

ot her cel l ul ar const i t uent s i ncl udi ng t he nucl eo-

pr ot ei ns and nucl ei c aci ds . The or gani c r adi cal s

f or med i n t hi s manner ( by r emoval of a hydr o-

gen at om) coul d t hen under go f ur t her r eac-

t i ons, e . g. , addi t i on of oxygen l eadi ng t o t he

f or mat i on of per oxi des and ot her oxygenat ed

compounds, degr adat i on i nt o smal l er uni t s,

di mer i zat i on, et c. , such as has been obser ved i n

si mpl er f r ee r adi cal and pol ymer syst ems ( 4) .

I n t hi s manner t he f unct i onal ef f i ci ency and r e-

pr oduct i ve abi l i t y of t he cel l coul d event ual l y

be i mpai r ed . I n addi t i on, si nce genes woul d be

expect ed t o be at t acked occasi onal l y i t woul d be

ant i ci pat ed t hat mut at i ons and cancer woul d

r esul t ever y now and t hen .

I n a mul t i cel l ul ar or gani sm such as man t he

ef f ect s of cel l s on each ot her ar e super i mposed

on t he above. Some cel l s ar e mor e i mpor t ant

t han ot her s i n mai nt ai ni ng l i f e . For exampl e,

as degener at i ve changes occur i n t he cel l s of

t he ci r cul at or y syst em, t he f l ow of oxygen and

met abol i t es t o ot her cel l s i s i nt er f er r ed wi t h,

t hus l eadi ng t o f ur t her degener at i ve changes i n

t hem.

I n addi t i on t o t he r eact i ons wi t hi n t he cel l s

t hemsel ves, one woul d expect t hat t her e woul d

be al so a sl ow oxi dat i on of t he connect i ve t i ssue

by mol ecul ar oxygen cat al yzed by met al s such

as i r on, cobal t , and manganese .

Thi s t heor y i s suggest i ve of chemi cal means

of pr ol ongi ng ef f ect i ve l i f e. For exampl e, mai n-

t enance of an i ncr eased cel l ul ar concent r at i on

of an easi l y r educed compound such as cyst ei ne,

whi ch af f or ds some r adi at i on pr ot ect i on, woul d

be expect ed t o sl ow down t he agi ng pr ocess and

t her eby put of f t he appear ance of t he di seases

associ at ed wi t h i t . As a si de ef f ect r adi at i on

r esi st ance woul d be enhanced. Fur t her st udi es

of t he ef f ect of hydr oxy and ot her r adi cal s, i n

t he pr esence and absence of oxygen and easi l y

oxi di zed subst ances, on cel l ul ar const i t uent s

such as DNA and RNA may be qui t e pr oduc-

t i ve. Some of t he i mpl i cat i ons of t hi s t heor y

bot h as i t per t ai ns t o agi ng and t o cancer ar e

now under st udy . Gr oups of mi ce of t he AKR

and C3H st r ai ns, whi ch spont aneousl y devel op

l ymphat i c l eukemi a and mammar y cancer , r e-

spect i vel y, ar e dai l y bei ng gi ven var i ous r adi a-

t i on pr ot ect i on compounds i n t hei r di et . These

ani mal s wi l l be f ol l owed t o det er mi ne i f t he
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aver age age at whi ch t hey devel op l eukemi a or

cancer i s gr eat er t han i n t he cont r ol s . Mi ce i n

each gr oup ar e al so bei ng sacr i f i ced at per i odi c

i nt er val s f or hi st ol ogi c st udy.

Consi der at i on of t he bi ochemi st r y of cancer

cel l s and of t he syst emat i c ef f ect s i n cancer f r om

t he st andpoi nt of t he t heor y pr esent ed i n t hi s

paper l ed t o t he concl usi on t hat hydr ogen

donor s, such as cyst ei ne f or exampl e, mi ght be

of benef i t i n t he f i el ds of cancer chemot her apy

and nut r i t i on . Pr el i mi nar y wor k wi t h asci t es

t umor and LCS cancer i n mi ce suppor t s t hi s

concl usi on .

SUMMARY

Agi ng f i nd t he degener at i ve . di seases associ -

at ed wi t h i t ar e at t r i but ed basi cal l y t o t he del e-

t er i ous si de at t acks of f r ee r adi cal s on cel l con-

st i t uent s and on t he connect i ve t i ssues . The f r ee

r adi cal s pr obabl y ar i se l ar gel y t hr ough r eact i ons

i nvol vi ng mol ecul ar oxygen cat al yzed i n t he cel l

by t he oxi dat i ve enzymes and i n t he connect i ve

t i ssues by t r aces of met al s such as i r on, cobal t ,

and manganese .
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