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ABSTRACT

The in t r o d u c t io n  t o  t h i s  t h e s i s  c o n s i s t s  o f  a rev iew  of 

c u r r e n t  co n ce p ts  r e g a rd in g  th e  e f f e c t s  o f  u l t r a v i o l e t  r a d i a t i o n  on 

l i v i n g  c e l l s .  Einphasis i s  p la c e d  on n e a r - u l t r a v i o l e t  r a d i a t i o n  

p r o p e r t i e s  and th e  m arked in f lu e n c e  o f oxygen on i t s  e f f e c t s .  In

p a r t i c u l a r ,  th e  p o s s ib le  g e n e ra tio n  o f  r e a c t iv e  oxygen s p e c ie s

to g e th e r  w ith  t h e i r  t o x i c i t y  i s  d is c u s s e d . T h is  i s  fo llo w ed  by a 

b r i e f  rev iew  of c e l l u l a r  a n t io x id a n t  sy stem s to  defend  th e  damage 

and a  d e t a i l e d  d e s c r ip t io n  o f  th e  p r o p e r t i e s  and a c t io n s  o f  v i ta m in  

E. A c tin ic  r e t i c u l o i d ,  a d is e a s e  c o n d i t io n  f o r  w hich a

n e a r - u l t r a v i o l e t  r a d i a t i o n  c e l l u l a r  s e n s i t i v i t y  has been proposed  a s  

an  u n d e r ly in g  c au se , i s  d e s c r ib e d . '

C hap ter 2 l i s t s  th e  m a te r i a l s  and m ethods b a s ic  to  c e l l

c u l tu r e  p ro ced u re s  and th e  i r r a d i a t i o n  p ro c e d u re s  used  i n  su cceed in g  

c h a p te r s .

The ex p e rim en ta l w ork, th e  broad aim of w hich i s  to  expand 

e x i s t i n g  knowledge o f th e  e f f e c t s  o f  n e a r - u l t r a v i o l e t  r a d i a t i o n  t h a t  

may le a d  to  c e l l  l e t h a l i t y  has c e n tre d  upon th e  i r r a d i a t i o n  o f  a 

normal human s k in  f i b r o b l a s t  s t r a i n ,  GM730, and a  s t r a i n  d e r iv e d  

from an a c t i n i c  r e t i c u l o i d  p a t i e n t ,  AR6L0. I t  i s  p re s e n te d  i n  f i v e  

p a r t s .

P a r t  1 exam ines th e  e f f e c t  o f th e  i r r a d i a t i o n  te m p e ra tu re  on 

th e  normal human f i b r o b l a s t  s e n s i t i v i t y  to  s p e c i f i c  u l t r a v i o l e t  

w av e le n g th s . P a r t  2 d e s c r ib e s  th e  s e n s i t i v i t y  o f a c t i n i c  r e t i c u l o i d  

f i b r o b l a s t s  t o  a ran g e  o f  u l t r a v i o l e t  w av e le n g th s  under c o n t ro l le d



c o n d i t io n s  o f  i r r a d i a t i o n .  The n ex t two s e c t io n s  in c lu d e  

o b s e rv a tio n s  on th e  p r o te c t iv e  e f f e c t  o f T ro lox-C , a  v i ta m in  E 

analogue and  th e  s e n s i t i z a t i o n  r e s u l t i n g  by th e  rep la cem e n t o f th e  

i r r a d i a t i o n  medium by a  d e u te ra te d  one, u s in g  b o th  normal and 

a c t i n i c  r e t i c u l o i d  f i b r o b l a s t s .  The f i n a l  p a r t  exam ines b road -band  

n e a r -  and f a r - u l t r a v i o l e t  r a d ia t io n - in d u c e d  membrane damage by th e  

use o f r a d io a c t iv e ly  l a b e l l e d  rub id ium  a s  a po tassium  ana lo g u e .

The d a ta  o b ta in e d  i n  each  s e c t io n  have been d is c u s s e d  i n  th e  

c o n te x t o f c u r r e n t  p u b lish e d  c o n c e p ts  r e g a rd in g  n e a r - u l t r a v i o l e t  

r a d ia t io n - in d u c e d  m echanism s o f  l e t h a l i t y .
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I N T R O D U C T I O N



1 . ORIGINS OF PRESENT WORE

L iv in g  c e l l s  a r e  exposed to  numerous p h y s ic a l and chem ica l 

s t r e s s e s  th ro u g h o u t t h e i r  l i f e  and s u n l ig h t  h a s  lo n g  been  re c o g n iz e d  

a s  one o f them. In  o rd e r  to  r e t a i n  t h e i r  i n t e g r i t y ,  c e l l s  have 

ev o lv ed  m ethods o f  p re v e n tin g  o r com bating p o t e n t i a l l y  damaging 

e f f e c t s  o c c u r r in g  a s  a  r e s u l t  o f exposu re  to  s u n l ig h t .  These 

in c lu d e  p h y s ic a l s c re e n in g  o f  th e  r a d i a t i o n  by a  c e l l  w a ll  or 

membrane, quench ing  o f  d e le te r io u s  p h o to p ro d u c ts  and means o f  

r e p a i r in g  e s s e n t i a l  c e l l u l a r  com ponents such a s  DNA.

I n i t i a l  s tu d ie s  to  e lu c id a t e  th e  dam aging e f f e c t s  o f  s u n l ig h t  

and  th e  c e l l u l a r  p r o te c t iv e  mechanism s o r i g i n a l l y  used  a r t i f i c i a l  

so u rc e s  e m it t in g  p r in c i p a l l y  254 nm w aveleng th  and s im p le  c e l l s  such 

a s  b a c t e r i a .  The ch o ice  o f w ave len g th  was due to  th e  f a c t  t h a t  i t  

p roduced  marked b io lo g ic a l  e f f e c t s  and c o u ld  be e a s i l y  g e n e ra te d  a s  

a  s tro n g  e m iss io n  l i n e  o f low p re s s u re  m ercury  vapour lam ps. The 

ch o ice  o f c e l l  type s tu d ie d  was due to  i t s  u n co m p lica ted  s t r u c t u r e  

and th e  ease  o f i t s  m a n ip u la tio n . Much was l e a r n t  ab o u t th e  n a tu re  

o f damage c l e a r ly  im p l ic a t in g  DNA a s  th e  p rim ary  t a r g e t .  Enzym atic 

r e p a i r  system s w ere i d e n t i f i e d  w hich a c te d  on n o n -re  p l i c a  t i n g  DNA, 

such a s  p h o to r e a c t iv a t io n  and e x c is io n  r e p a i r ,  o r on r e p l i c a t i n g  

DNA, such a s  p o s t r e p l i c a t i o n  r e p a i r .  The use o f b a c t e r i a l  m u tan ts  

la c k in g  i n  one or more r e p a i r  p ro c e s s e s  g r e a t ly  advanced th e  

e lu c id a t io n  o f  mechanism s le a d in g  to  l e t h a l i t y  and th e  

i d e n t i f i c a t i o n  o f  l e t h a l  l e s i o n s  form ed by 254 n n - i r r a d i a t i o n .



L a te r  w ork expanded to  in c lu d e  lo n g e r  w av e le n g th s  (290-400 nm) 

which a re  more r e l e v a n t  b io lo g ic a l ly  s in c e  a la y e r  o f ozone i n  th e  

upper a tm osphere  s h ie ld s  th e  e a r th  from w av e le n g th s  s h o r te r  th a n  290 

nm. I t  was r e a l i z e d  t h a t  th e  mechanism s o f  damage i n i t i a t e d  by 

m onochrom atic o r  p o ly c h ro m a tic  bands o f lo n g e r  w av e le n g th s  w ere 

d i f f e r e n t  to  th o s e  r e s u l t i n g  from  254 nn i r r a d i a t i o n .  In  

p a r t i c u l a r ,  th e  im p o rtan ce  o f oxygen became a p p a re n t and c e l l u l a r  

com ponents i n  a d d i t io n  t o  DNA w ere exam ined a s  p o te n t ia l  t a r g e t s  o f  

th e  r a d i a t i o n .

The u n c e r t a in t i e s  a r i s i n g  a s  a  r e s u l t  o f th e  new p ro p o sa ls  

w ere more pronounced i n  th e  case  o f th e  more advanced c e l l  ty p e s  

s tu d ie d ,  such a s  mammalian c e l l s .  S tu d ie s  w ith  mammalian c e l l s  

co u ld  b e n e f i t  from  th e  use o f c e l l  s t r a i n s  s p e c i f i c a l l y  s e n s i t i v e  to  

i r r a d i a t i o n  i n  a  manner analogous to  th e  use o f b a c t e r i a l  m u tan ts . 

Indeed , r e s e a rc h  i n t o  th e  g e n e t ic  c o n d i t io n  xeroderm a pigm entosum, 

c h a ra c te r iz e d  by a  m arked p r e d is p o s i t io n  o f  p a t i e n t s  t o  d ev e lo p  s k in  

c a n c e rs  a f t e r  ex p o su re  to  s u n l ig h t ,  su p p o rted  a  l i n k  betw een an  

in c re a s e  i n  DNA l e s i o n s  and tu m o u r ig e n ic i ty .  The m ost e f f e c t i v e  

w aveleng th  to  b r in g  ab o u t th e s e  p a r t i c u l a r  DNA le s i o n s  was found  to  

be 254 nm.

An an a lo g o u s model to  s e rv e  a s  a probe i n  th e  dam aging e f f e c t s  

o f lo n g e r  w av e len g th  r a d i a t i o n  w ould be o f v a lu e , and t h i s  s tu d y  was 

d es ig n ed  to  i n v e s t i g a t e  n e a r - u l t r a v io le t - in d u c e d  damage u s in g  a 

mamma l i a n  c e l l  l i n e  w ith  su sp e c te d  s e n s i t i v i t y  s p e c i f i c a l l y  a t  th e se  

w av e len g th s . B efo re  d e s c r ib in g  d e t a i l s  o f  th e  o r ig i n  o f  t h i s  c e l l  

l i n e ,  th e  n a tu re  o f u l t r a v i o l e t  r a d i a t i o n  and oxygen t o x i c i t y  a s  two 

m ajor en v iro n m en ta l s t r e s s e s  w i l l  be d is c u s se d . T h e ir  im pact upon 

th e  l i v i n g  c e l l  and th e  c e l l u l a r  d e fen se  sy stem s d e v ise d  t o  p ro te c t



a g a in s t  t h e i r  damaging e f f e c t s  w i l l  be exam ined i n  d e t a i l ,  w ith  

em phasis on th e  lo n g e r  u l t r a v i o l e t  r a d i a t i o n s  w hich a re  p re s e n t i n  

our env ironm ent. S ince th e  c e l l  ty p e  s tu d ie d  i n  th e  ex p erim en ta l 

s e c t io n  w i l l  be th e  s k in  f i b r o b l a s t ,  an e f f o r t  w i l l  be made to  view 

i t  i n  r e l a t i o n  to  i t s  f u n c t io n  a s  p a r t  o f th e  human p h y s ic a l sc re e n  

to  u l t r a v i o l e t  r a d i a t i o n  i . e .  th e  human s k in .  . F in a l ly ,  a c t i n i c  

r e t i c u l o i d ,  a d is e a s e  c o n d i t io n  c h a r a c te r iz e d  by s k in  s e n s i t i v i t y  of 

p a t i e n t s  to  s o l a r - u l t r a v i o l e t  r a d i a t i o n s ,  w i l l  be d e s c r ib e d , s in c e  

in v e s t ig a t io n s  i n t o  th e  s e n s i t i v i t y  o f s k in  f i b r o b l a s t s  from such a 

p a t i e n t  w i l l  be p re s e n te d  i n  th e  e x p e rim en ta l s e c t io n .

2 .  UV RADIATION EFFECTS ON CELLS

2 .1 .1  E le c tro m a g n e tic  Spectrum

The r a d ia n t  en erg y  which o r ig i n a t e s  from  co n tin u o u s 

th e rm o n u c lea r r e a c t io n s  i n  th e  sun*s c o re  i s  c a l le d  e le c tro m a g n e tic  

because  i t  i s  i n  th e  form  of o s c i l l a t i n g  e l e c t r i c  and m ag n e tic  

f i e l d s .  I t  e x h i b i t s  bo th  w a v e - lik e  ( o s c i l l a t i n g  f i e l d )  and 

p a r t i c l e - l i k e  ( d i s c r e t e  p a c k e t)  p r o p e r t i e s .  These d i s c r e t e  p a c k e ts  

o r q u a n ta  o f energy  a re  c a l le d  p h o to n s .

The r e l a t i o n s h i p  betw een th e  energy  and th e  w aveleng th  of 

r a d ia t io n s  i s  g iv e n  by th e  fo llo w in g  e x p re s s io n :

E = h x c

w here E= energy o f th e  quantum i n  J o u le s
- O j i

h=P lanck*s c o n s ta n t  (6 .6 2 4  x 10 J s )

10 -1c= v e lo c i ty  o f l i g h t  (3  x 10 cm s  ) 

w aveleng th  i n  cm
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The energy  o f a  quantum (o r  photon) i s ,  th e r e f o r e ,  in v e r s e ly  

p ro p o r tio n a l  to  th e  w av e len g th  o f th e  r a d ia t io n .

2 .1 .2  S o la r  Spectrum

In  d is c u s s in g  th e  p r o p e r t i e s  and c h a r a c t e r i s t i c s  o f  th e  

u l t r a v i o l e t  (UV) sp ec tru m  w hich r e p r e s e n ts  on ly  a sm all p o r t io n  o f  

th e  w hole e le c tro m a g n e tic  spec trum , i t  i s  co n v en ien t to  d i s t i n g u is h  

betw een th e  r e g io n s  w hich  have d i s t i n c t  p h y s ic a l and b io lo g ic a l  

p r o p e r t i e s .

The fo llo w in g  breakdow n o f th e  UV spectrum  i s  w id e ly  a cc ep ted  

and th e  nom encla tu re  w hich  w i l l  be used th ro u g h o u t t h i s  w ork i s

F ar UV -  fo r  r a d i a t i o n s  o f  w av e le n g th s  betw een 190 and 290 im 

w hich a r e  th e  most e n e r g e t ic  

Mid UV -  fo r  r a d i a t i o n s  o f  w av e len g th s  betw een 290 and 320 nm 

Near UV -  fo r  r a d i a t i o n s  o f  w av e le n g th s  lo n g e r  th a n  320 nm up 

to  th e  v i s i b l e  re g io n  (400nm)

An a l t e r n a t i v e  n o m en cla tu re  o f UV-C, UV-B, and UV-A i s  a l s o  used  i n

th e  l i t e r a t u r e  f o r  th e  c o rre sp o n d in g  re g io n s .

When c o n s id e r in g  th e  e f f e c t s  o f  s u n l ig h t  i n  r e l a t i o n  to

c a rc in o g e n e s is  o r  p h o to s e n s i t iv e  c o n d i t io n s ,  i t  i s  im p o r ta n t to  

examine th e  e f f e c t s  o f  en v iro n m e n ta lly  r e le v a n t  w av e le n g th s . Only 

mid UV and n e a r  UV can  be c o n s id e re d  a s  such , s in c e  a la y e r  o f  ozone 

i n  th e  upper atm osphere  s h ie ld s  th e  s u r fa c e  o f th e  e a r th  o f a l l

r a d ia t io n s  below 290 rm. F ig u re  1 d e p ic t s  th e  c u r r e n t  s o la r  

r a d i a t i o n  a t  th e  e a r th * s  s u r f a c e .  The term  s o la r  UV i s  th u s  co in ed  

to  r e f e r  c o l l e c t i v e l y  to  w av e le n g th s  lo n g e r  th a n  290 rm up to  th e  

v i s i b l e  re g io n .
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The d i s t i n c t i o n  betw een mid UV and n e a r  UV i s  l e s s  c l e a r .  

Mid UV i s  a r e g io n  o f  t r a n s i t i o n ,  c o n s is t in g  o f  w a v e le n g th s  w ith  

s u f f i c i e n t  en erg y  to  i n t e r a c t  d i r e c t l y  w ith  th e  DNA. Even though 

th e  r e l a t i v e  amount o f s u n l ig h t  i n  t h i s  r e g io n  i s  low and th e  

a b s o rp t io n  o f  DNA p o o r, mid-UV i s  r e s p o n s ib le  f o r  m ost d e l e te r io u s  

e f f e c t s  o f  s u n l ig h t  on humans such a s  sunburn  (F ig . 1) and s k in  

c a n c e r . I t  i s  n o t c l e a r  w hether th e  mechanisms o f  a c t io n  o f  mid-UV 

r a d i a t i o n  on b io lo g ic a l  system s a r e  a  m ix tu re  o f f a r -  and near-UV 

e f f e c t s  o r  w h e th e r th e se  w av e len g th s  have p r o p e r t i e s  o f  t h e i r  own.

T h is  w ork w i l l  be m ain ly  concerned  w ith  near-UV l i g h t  w hich has 

r e l a t i v e l y  r e c e n t ly  re c e iv e d  a t t e n t i o n  a s  h av in g  p r o p e r t i e s  d i s t i n c t  

from far-U V  w av e le n g th s . Near UV i s  a m ajor component o f  s o la r  UV 

and r e s u l t s  i n  m u l t ip le  b io lo g ic a l  e f f e c t s  th ro u g h  i n t e r a c t i o n s  w ith  

s e v e ra l  c e l l u l a r  com ponents, d e t a i l s  o f  w hich rem ain  e n ig m a tic .

2 .2  P h o to b io lo g ic a l  R esponse o f  C e l l s  t o  UV R a d ia tio n

A lthough solar-U V  r a d i a t i o n  e f f e c t s  on human c e l l s  a r e  o f most 

i n t e r e s t  when c o n s id e r in g  th e  p o te n t ia l  en v iro n m en ta l h aza rd  

p re s e n te d  by s u n l ig h t  to  human b e in g s , most o f th e  r e s e a r c h  

o r ig i n a l l y  c e n te re d  on th e  b io lo g ic a l  e f f e c t s  o f  254 nm w av e len g th  

on b a c t e r i a l  c e l l s .  When some o f th e  b a s ic  e f f e c t s  o f  far-UV 

r a d i a t i o n  on b a c t e r i a l  c e l l s  became e lu c id a te d  and th e  i n t e r e s t  

s h i f t e d  to  th e  e f f e c t s  o f  lo n g e r  w av e le n g th s , in e v i ta b ly  q u e s t io n s  

r e g a rd in g  th e  s i m i l a r i t y  in  th e  mechanisms o f  i n a c t i v a t i o n  by 

w av e le n g th s  i n  th e  two s p e c t r a l  r e g io n s ,  i n  te rm s  o f  l e t h a l  t a r g e t  

and r e s u l t a n t  l e s i o n s ,  a ro s e . Sim ple com parisons betw een th e  

e f f e c t s  o f  far-UV and near-UV r a d ia t io n  form ed th e  b a s i s  o f  f u r th e r  

in v e s t i g a t io n s .  H o lla en d er was th e  f i r s t  to  p u b lis h  such
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2l c
com parisons on E. c o l i  c e l l s  i n  1943. He found t h a t  10 -10  more 

energy  o f near-UV r a d i a t i o n  (p r im a r i ly  365 nm) was r e q u ir e d  to  

ind u ce  th e  same k i l l i n g  a s  th e  s h o r te r  w av e le n g th s . T h is

h a s  s in c e  been confirm ed  u s in g  

m onochrom atic w av e le n g th s  bo th  i n  b a c t e r i a l  (Webb, 1977) and i n  

human c e l l s  (Keyse e£ a l . ,  1983 ). H o llaender a ls o  r e p o r te d  t h a t  

s u rv iv a l  cu rv es  i n  th e  near-UV re g io n  e x h ib i te d  much l a r g e r  

s h o u ld e rs , a  f in d in g  a l s o  confirm ed  by m onochrom atic w aveleng th  

i r r a d i a t i o n  o f  b a c t e r i a l  (Webb, 1977) and mammalian (Keyse e t  a l . , 

1983) c e l l s .  The s e n s i t i v i t y  o f near-UV i r r a d i a t e d  c e l l s  to  

p h y s io lo g ic a l  s a l in e  observ ed  by H o llaender form ed th e  b a s is  o f  

in v e s t ig a t io n s  in t o  th e  membrane e f f e c t s  o f  near-UV r a d i a t i o n  (Moss 

and Sm ith , 1981; K ellan d  e t  a l . ,  1983a, b ) .  H o llaen d er was a l s o  th e  

f i r s t  to  r e p o r t  a  te m p e ra tu re  dependence o f near-U V -induced 

l e t h a l i t y ,  an  o b s e rv a t io n  w hich fo rm s p a r t  o f t h i s  w ork.

A nother f e a t u r e  s p e c i f i c  to  near-UV r a d i a t i o n  b io lo g ic a l  

e f f e c t s  i s  a s tro n g  dependence on oxygen, s tu d ie d  bo th  i n  r e l a t i o n  

to  c e l l  k i l l i n g  i n  b a c t e r i a  (Webb and L orenz, 1970), mammalian c e l l s  

(D anpure and T y r r e l l ,  1976) and i n  r e l a t i o n  to  th e  in d u c t io n  o f  

p o s s ib le  l e t h a l  l e s i o n s ,  a s  w i l l  be d is c u s se d  l a t e r .

Webb and Brown (1979) in v e s t ig a te d  oxygen dependence i n  an  E. 

c o l i  s t r a i n  la c k in g  th e  a b i l i t y  to  r e p a i r  DNA by th e  e x c is io n  

pathway and found t h a t  f o r  w av e le n g th s  lo n g e r  th a n  320 nm, c e l l  

i n a c t iv a t io n  was more e f f e c t i v e  under a e ro b ic  th a n  under a n a e ro b ic  

c o n d i t io n s .  Danpure and T y r r e l l  (1976) in  a s im i la r  s tudy  u s in g  

V-79 C hinese Hamster c e l l s  and HeLa c e l l s ,  shewed in c re a s e d  c e l l  

s e n s i t i v i t y  when th e  c e l l  su sp e n sio n  was bubbled w ith  a i r  a s  opposed
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to  n i t ro g e n .  They m easured a  r a t i o  o f d o ses  ( a n a e ro b ic /a e ro b ic )  to  

g iv e  a  s u rv iv in g  f r a c t i o n  o f  0 .8 ,  a s  3 .5  fo r  C hinese H am ster V-79 

c e l l s  and 2 .9  fo r  HeLa c e l l s .  They concluded  t h a t  a l th o u g h  t h i s  

oxygen dependence co u ld  be a r e f l e c t i o n  o f  bo th  damage to  DNA r e p a i r  

p ro c e s s e s  and th e  in d u c t io n  o f  an oxygen dependent c l a s s  o f  l e s i o n s  

i n  DNA, n o th in g  p re c lu d e d  t h a t  in s te a d  o f  a  g e n e t ic  e f f e c t  th e re  

m igh t be damage to  th e  c e l l u l a r  o x id a t iv e  m etabo lism .

2 .2 .1  Energy a b s o rp tio n  c o n s id e ra t io n s  and chrom ophores

In  o rd e r  t h a t  arjy i n t r a c e l l u l a r  pho tochem ical r e a c t io n  can 

ta k e  p la c e , r a d i a t i o n  m ust f i r s t  be ab so rb ed  by a  m o lecu le  o r a 

group o f  m o lecu le s  c a l le d  a chrom ophore.

The f a r  UV r e p r e s e n t s  a  r e g io n  i n  w hich p r o te in s  and n u c le ic  

a c id s  e f f e c t i v e l y  ab so rb  th e  in c id e n t  r a d i a t i o n .  F ig u re  2 shows th e  

a b s o rp tio n  spectrum  o f J2. c o l i  DNA (S u th e r la n d  and G r i f f i n ,  1981) 

which i s  due to  th e  a b s o rp t io n  o f  th e  in d iv id u a l  n u c le o t id e s ,  such 

a s  th e  thym id ine ab so rb an ce  d e p ic te d  on th e  g raph  (Webb and Brown, 

1979). S ince DNA a b so rb s  r a d i a t i o n s  up to  320 nm, DNA i s  c o n s id e re d  

to  be th e  m ajor chrom ophore i n  th e  f a r -  and mid-UV re g io n  f o r  c e l l  

k i l l i n g .

Above 320 nm, a s  can  be seen  i n  F ig . 2 , th e  n u c le o t id e s  l i k e  

th y m id in e , shew v ery  l i t t l e  a b s o rp t io n .  A bsorbance o f  DNA m easured 

by p ro c e d u re s  t h a t  s u b t r a c t  c o n t r ib u t io n s  due to  l i g h t  s c a t t e r i n g  

(S u th e r la n d  and G r i f f i n ,  1981), i s  o b se rv ed  o u t a s  f a r  a s  360 nm, 

b u t i s  v e ry  low, and i t  i s  n o t  c l e a r  how i t  can  ta k e  p la c e . I t  i s ,  

th e r e f o r e ,  d o u b tfu l w h e th e r DNA can  a b so rb  lo n g  w av e len g th  r a d i a t i o n  

d i r e c t l y .  F u rth erm o re , th e  s tro n g  oxygen dependence fo r  near-UV 

e f f e c t s  s u g g e s ts  t h a t  p erh ap s  some o th e r  chrom ophore(s) a b so rb s  th e
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c o l i  DNA (S u th e r lan d  and G r i f f i n ,  1981).



r a d i a t i o n  and i n  th e  p resen ce  o f oxygen t r a n s f e r s  i t s  energ y  to  DNA 

(photodynam ic a c t i o n ) .  T h is  p ro p o sa l i s  j u s t i f i e d  by lo o k in g  a t  

a c t io n  s p e c t r a  such a s  t h a t  composed by Webb and Brown (1979) fo r  E. 

c o l i  in a c t iv a t io n  under a e ro b ic  and a n a e ro b ic  c o n d i t io n s  (F ig . 2 ) .  

T here , a p a r t  from  n o tin g  how a e ro b ic  k i l l i n g  d e v ia te s  from  th a t  

under a n a e ro b ic  c o n d i t io n s  a t  w av e len g th s  g r e a te r  th a n  320 rm, i t  

can a l s o  be seen  t h a t  th e  a c t io n  spectrum  f o r  a e ro b ic  k i l l i n g  shews 

much more d e t a i l  and s i g n i f i c a n t  p la te a u x  a t  340 , 365 , 410 and 500 

nm.

Such ev idence  h a s  l e d  to  th e  p ro p o sa l t h a t  k i l l i n g  by near-UV 

r a d i a t i o n  i s  com prised  o f  two modes (J a g g e r , 1985). These a r e  (1) 

a n a e ro b ic  k i l l i n g  w hich may be due to  d i r e c t  DNA a b s o rp t io n  and 

shows l i t t l e  e f f ic ie n c y  fo r  th e  p ro d u c tio n  o f  p h o to p ro d u c ts  

(S u th e r la n d  and G r i f f i n ,  1981) and (2) a e ro b ic  k i l l i n g  w hich i s  

p ro b ab ly  due to  th e  a b s o rp t io n  o f  o th e r  m o le c u le s , bound to  DNA, 

t h a t  produce p h o to p ro d u c ts  th ro u g h  photodynam ic a c t io n  t h a t  r e q u i r e s  

oxygen. However, a b s o rp tio n  need n o t on ly  ta k e  p la c e  i n  m o le c u le s  

bound to  th e  DNA. S ev era l compounds w ith  c o n ju g a te d  d oub le  bonds 

p re s e n t  i n  th e  r e s p i r a t o r y  c h a in , in  membranes and i n  v i ta m in s ,  such 

a s  p o rp h y r in s , f l a v i n s ,  q u in o n es  and cy tochrom es, ab so rb  w e ll i n  th e  

near-UV re g io n  and have been su g g es ted  a s  p o te n t i a l  chrom ophores.

The group w hich b e longs to  th e  e l e c t r o n  t r a n s p o r t  c h a in s  o f  

m ito c h o n d ria  and b a c t e r i a  in c lu d e s  p o rp h y rin s , f l a v i n s  and q u in o n e s . 

The p o rp h y rin s  ab so rb  l i g h t  s tro n g ly  in  th e  350-430 nm ra n g e , b u t do 

n o t seem to  become in a c t iv a te d  u n le s s  v e ry  h igh  f lu e n c e s  a r e  u sed . 

R ib o f la v in  a b so rb s  a t  375 and 450 rm and h a s  been shewn to  cause  

p h o to s e n s i t iz e d  o x id a t io n  o f  try p to p h a n  and ty r o s in e  a s  a  r e s u l t  o f 

b l a c k - l i g h t  i r r a d i a t i o n  o f  t i s s u e - c u l t u r e  medium (S to e in  and Wang,
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1914) a  r e a c t io n  w hich co u ld  a l s o  o ccu r i n t r a c e l l u l a r l y .  Amongst 

th e  q u in o n e s , naphthoquinone v i ta m in  K1 has  an  a b s o rp t io n  maximum a t  

334 rm and i s  ex tre m ely  s e n s i t i v e  to  near-UV l i g h t  ( J a g g e r , 1983) so 

i t  i s  re g a rd e d  a s  a  p o te n t ia l  chrom ophore. B i l i r u b in  w hich  i s  

r e l a t e d  i n  s t r u c t u r e  to  th e  p o rp h y r in s , a b so rb s  m axim ally a t  450 nm 

and i t s  p resen ce  h a s  been shown to  in c re a s e ,  s in g le - s t r a n d  b reak  

p ro d u c tio n  i n  human f i b r o b l a s t s  (R o s e n s te in  e t  a l . ,  1983).

O ther m o lecu le s  c o n s id e re d  a s  p o s s ib le  chrom ophores o f  near-UV 

l i g h t  in c lu d e  compounds r e l a t e d  to  n u c le ic  a c id s  such a s  th e  base
li

4 - th io u r id in e  ( S rd) t h a t  e x te n d s  th e  a b s o rp t io n  o f  tRNA i n t o  th e  

near-UV re g io n , w ith  a peak a t  340 rm. The p resen ce  o f t h i s  base  i n  

a  s o lu t io n  o f  b a c t e r i a l  DNA i n  p h o sp h a te  b u f fe r  r e s u l t e d  i n  a 

t e n - f o ld  in c re a s e  i n  th e  number o f s in g le - s t r a n d  b reak s  p roduced  by 

334 nm (P eak  e t  a l . ,  1984 ). A b so rp tio n  a t  360 nm by p r o te in  B2, a 

non-heme i r o n - c o n ta in in g  p r o te in ,  p re s e n t  i n  th e  r ib o n u d e o s id e  

d ip h o sp h a te  re d u c ta s e  (RDP r e d u c ta s e )  com plex, i s  th o u g h t 

r e s p o n s ib le  f o r  th e  i n a c t i v a t i o n  o f  th e  com plex and th e  k i l l i n g  o f 

e x p o n e n tia l ly  grow ing E. c o l i  by near-UV r a d i a t i o n  ( P e te r s ,  1977 ). 

The coenzyme p y rid o x a l phosphate  a l s o  a b so rb s  s t r o n g ly  th ro u g h o u t 

th e  near-UV re g io n  w ith  peaks a t  325 and 388 nm, bu t th e  b io lo g ic a l  

consequences o f  th e  a b s o rp t io n  a r e  n o t c l e a r .  A nother c o - f a c to r  

n ic o tin a m id e  ad en in e  d in u c le o s id e  i n  i t s  re d u c e d  form (NADH), h as  an  

a b s o rp t io n  peak a t  340 nm and h a s  been  im p lic a te d  i n  th e  p ro d u c tio n  

o f  th e  su p ero x id e  io n  i n  an  i n  v i t r o  system  (Cunningham .e t a l . . , 

1985)

The c o n c lu s io n s  t h a t  can  be drawn from  th e  above s tu d ie s  a r e  

t h a t  th e  d iv e rs e  a c t io n s  and lo c a t io n s  o f  th e  compounds m en tioned  

make i t  l i k e l y  t h a t  d i f f e r e n t  chrom ophores a r e  r e s p o n s ib le  f o r

-  9 -



d i f f e r e n t  b io lo g ic a l  e f f e c t s  o f  near-UV r a d i a t i o n  i n  a  p a r t i c u l a r  

c e l l .  A d d it io n a lly  d i f f e r e n t  chrom ophores may be in v o lv e d  i n
ji

d i f f e r e n t  c e l l  ty p e s .  For exam ple, Srd and p r o t e i n  B2 of 

r ib o n u c le o s id e  d ip h o sp h a te  re d u c ta s e  m igh t a cc o u n t f o r  th e  340 and 

410 nm p la te a u  o f  th e  E. c o l i  a c t io n  s p e c t r a  w h ereas  i n  th e  s p e c tr a  

o f mammalian c e l l s  th e s e  p la te a u x  do n o t e x i s t .  S im i la r ly ,  a c t io n  

s p e c t r a  f o r  e f f e c t s  such a s  s in g le - s t r a n d  b reak  in d u c t io n  i n  

mammalian c e l l s  shew s h o u ld e rs  i n  th e  near-UV re g io n  t h a t  do not 

e x i s t  i n  b a c t e r i a l  c e l l s ,  s u g g e s tin g  chrom ophores un ique to  

mammalian c e l l s  ( r i b o f l a v i n ) .

2 .2 .2  DNA a s  a T arg e t o f UV R a d ia tio n

DNA h a s  a  un ique r o l e  i n  th e  c e l l  c a r ry in g  th e  g e n e t ic  

in fo rm a tio n , and damage to  DNA i s  e x p e c te d  to  be o f overw helm ing 

im p o rtan ce  r e g a rd in g  c e l l  l e t h a l i t y .  E vidence t h a t  DNA i s  th e  

m o le c u la r  t a r g e t  f o r  a  p a r t i c u l a r  e f f e c t  i s  o f te n  so u g h t i n  

com parisons betw een th e  a c t io n  spectrum  f o r  th e  e f f e c t  and th e  

a b s o rp t io n  spectrum  o f DNA. Such a spectrum  f o r  c e l l  l e t h a l i t y  in  

d i f f e r e n t  c e l l  ty p e s  i s  shown i n  F ig . 3 . D ata f o r  p y rim id in e  dimer 

fo rm a tio n , a  DNA le s i o n ,  i s  a l s o  in c lu d e d  f o r  l a t e r  d is c u s s io n .

I t  can  be seen  t h a t  up to  313 nm th e re  i s  a  r e l a t i v e l y  good 

c o r r e l a t i o n  betw een a c t io n  s p e c tr a  f o r  l e t h a l i t y  and th e  DNA 

a b s o rp t io n  spec trum , a lth o u g h  two d i f f e r e n c e s  a r e  a p p a re n t :  For

w a v e le n g th s  270-290 nm th e re  i s  enhanced s e n s i t i v i t y  fo r  k i l l i n g  o f  

mammal la n  ou*d c e l l s  r e l a t i v e  to  th e  a b s o rp t io n  spectrum .

In  c o n t r a s t ,  above 300 nm th e  a b s o rp t io n  spectrum  h as  a  r e l a t i v e l y  

h ig h e r  v a lu e .  S u th e r la n d  and G r i f f i n  (1981) su g g e s te d  t h a t  th e  

h e te ro g en eo u s  n a tu re  o f DNA and th e  f a c t  t h a t  p ho tons  ab so rb ed  by
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d i f f e r e n t  b a se s  may have d i f f e r e n t  p r o b a b i l i t e s  o f  g iv in g  r i s e  to  

p h o to p ro d u c ts  co u ld  acc o u n t f o r  th e  d i f f e r e n c e s  o b serv ed  between 

a b s o rp t io n  and a c t io n  s p e c t r a  and sh o u ld  n o t e s t a b l i s h  th e

s i g n i f i c a n t  in vo lvem en t o f  o th e r  m o lecu le s  a s  t a r g e t s  f o r  c e l l  

k i l l i n g .  For exam ple, a b s o rp tio n  above 300 nm i s  dom inated by 

r e g io n s  o f  DNA r i c h  i n  g u a n in e -c y to s in e , and guan ine i s  l e s s  l i k e l y  

to  g iv e  r i s e  to  p h o to p ro d u c ts . I t  i s  im p o rta n t to  n o te  t h a t  a c t io n  

s p e c t r a  do n o t d i f f e r e n t i a t e  betw een th e  r e l a t i v e  c o n t r ib u t io n  o f  

DNA and RNA to  e f f e c t s  such a s  l e t h a l i t y  and dim er fo rm a tio n . Only 

a f t e r  c o n s id e r a t io n  o f  i t s  un ique r o l e ,  a s  a c a r r i e r  o f g e n e t ic  

in fo rm a tio n , can  DNA be re g a rd e d  a s  more im p o rta n t and can  be 

assum ed to  be th e  m ajo r t a r g e t  f o r  th e  in d u c t io n  o f  l e t h a l i t y  by 

r a d i a t i o n s  up t o  320 nm.

For w a v e le n g th s  g r e a te r  th a n  320 rm w here d i r e c t  a b s o rp tio n  by 

DNA becomes m inim al bu t s t i l l  p o s s ib le ,  d i f f e r e n t  c r i t e r i a  s e rv e  a s  

e v id en ce  t h a t  damage to  DNA c o n tin u e s  to  be im p o r ta n t . T ransform ing  

DNA h as  been  in a c t iv a te d  by w aveleng ths  up to  460 im (C a b re ra -Ju a re z  

e t  a l . . 1976; Peak e t  a l . ,  1973) showing t h a t  i t  can  be a t a r g e t  fo r  

near-UV b io lo g ic a l  e f f e c t s .  However, th e  p r o te c t iv e  e f f e c t  o f 

h i s t i d i n e  and  th e  la c k  o f  p h o to re a c t iv a t io n  a t  w av e len g th s  g r e a te r  

th a n  320 nm, (C a b re ra -Ju a re z  e t  a l . ,  1976) in d ic a te  t h a t  th e  

mechanism o f l e t h a l i t y  and th e  l e t h a l  l e s io n s  produced a r e  d i f f e r e n t  

i n  th e  f a r -  and near-UV re g io n s . A number o f s tu d ie s  have been done 

on th e  m o d if ic a t io n  o f  s e n s i t i v i t y  o f tra n s fo rm in g  DNA by a g e n ts  

such a s  g ly c e r o l ,  d ia z o b ic y d o o c ta n e  (DABC0),

2 -a m in o e th y liso th io u ro n iu m  bromide hydrobrom ide (AET) (Peak and 

Peak, 1960; Peak e t  a l . ,  1981; Peak and Peak, 1975). T h e ir f in d in g  

h a s  been t h a t  c e l l  s u rv iv a l  i s  a l s o  a l t e r e d  i n  a  s im i la r  way and
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th e y  re g a rd  DNA i n a c t i v a t i o n  a s  im p o rta n t fo r  th e  in d u c t io n  o f  

l e t h a l i t y .  A s im i la r  c o n c lu s io n  i s  reac h ed  by Webb .§£ j L. , 1976) 

who found in c re a s e d  s e n s i t i v i t y  to  near-UV i r r a d i a t i o n  o f  a  s t r a i n  

co m p le te ly  d e f i c i e n t  i n  d a rk  r e p a i r  (E. c o l i  K-12 AB2480 uvrA recA l 

r e l a t i v e  to  th e  w ild  ty p e . A d d itio n a l ev idence came from  th e

s e n s i t i z a t i o n  o f  w ild - ty p e  E. c o l i  to  near-UV i r r a d i a t i o n  when

i n h i b i t o r s  o f  r e p a i r  o f far-UV damage i n  DNA, such a s  a c r i f l a v i n e ,  

w ere used  (Peak, 1970; Webb and Brown, 1976).

The c o n c lu s io n  from  th e  above s tu d ie s  i s  t h a t  DNA i s  th e  

p rim ary  l e t h a l  t a r g e t  i n  th e  far-U V  re g io n . In  th e  near-UV re g io n ,  

DNA damage may c o n t r ib u te  to  l e t h a l i t y  bu t a s  a  r e s u l t  o f a 

d i f f e r e n t  ty p e  o f damage th a n  t h a t  produced by s h o r te r  w a v e le n g th s . 

As f u r th e r  ev idence  w i l l  s u p p o r t,  non-DNA damage may a ls o  c o n t r ib u te  

to  l e t h a l i t y  in  th e  near-UV re g io n .

2 .2 .3  L e th a l L es io n s  i n  th e  DNA 

P yrim id ine  d im ers

I t  i s  q u i t e  w e ll  e s ta b l i s h e d  by now t h a t  l e t h a l i t y  from far-U V  

r a d ia t io n s  i s  due to  damage i n  th e  DNA and i n  p a r t i c u l a r  due to  th e  

fo rm a tio n  o f  p y rim id in e  d im ers . These d im ers a r e  produced  betw een 

a d ja c e n t  p y rim id in e s  i n  th e  same s tr a n d  o f  a DNA m o lecu le , and th e y

in v o lv e  th e  c r e a t io n  o f  new c o v a le n t bonds betw een th e  two

5 - p o s i t io n s  and th e  two 6 - p o s i t io n s  o f  th e se  a d ja c e n t p y r im id in e s , 

r e s u l t i n g  i n  a  c y d o b u ta n e  r i n g .  The py rim id in e  dim er i s  a  v e ry  

s ta b l e  p h o to p ro d u c t bu t i t s  fo rm a tio n  can be r e v e rs e d  by a l i g h t  

c a ta ly s e d  en zym atic  p ro c e s s  c a l le d  p h o to r e a c t iv a t io n .  The 

a l t e r a t i o n  o f  c e l l  s u rv iv a l  a s  a  r e s u l t  o f p h o to r e a c t iv a t io n  can  be
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ta k e n  a s  in d i c a t i v e  t h a t  p y rim id in e  d im ers a r e  a l e s i o n  t h a t  r e s u l t s  

i n  l e t h a l i t y .

As shown i n  F ig . 3> a c t io n  s p e c t r a  f o r  p y rim id in e  dim er 

fo rm a tio n  a r e  i n  v e ry  good agreem ent w ith  a c t io n  s p e c tr a  fo r

c e l l u l a r  i n a c t i v a t i o n  i n  mammalian (Rothman and S etlow , 1979; K antor 

e t  a l .. ,1 9 8 0 ; D oniger e t  a l . ,  1981) and f r o g  c e l l s  (R o se n s te in  and 

S etlow , 1980) a s  w e ll  a s  w ith  th e  a b s o rp t io n  spectrum  of human DNA 

(S u th e r la n d  and G r i f f i n ,  1981) fo r  w av e le n g th s  up to  313 nm. T h is  

f in d in g  h a s  s t ro n g ly  Im p lic a te d  DNA a s  th e  c r i t i c a l  t a r g e t  f o r  t h i s  

s p e c t r a l  r e g io n  and p y rim id in e  d im ers a s  th e  l e t h a l  l e s i o n  form ed.

S tu d ie s  u s in g  w av e le n g th s  lo n g e r  th a n  313 nm and i n  

p a r t i c u l a r ,  b road -band  s o la r  UV, have been more c o n t ro v e r s ia l  

r e g a rd in g  th e  im p o rtan ce  o f p y rim id in e  dim er fo rm a tio n , e s p e c ia l ly  

in  mammalian c e l l s .  In  b a c t e r i a l  c e l l s ,  th e  use o f

p h o to r e a c t iv a t io n  a s  a  means o f  in d i c a t in g  th e  c o n t r ib u t io n  o f  

p y rim id in e  d im ers to  c e l l  l e t h a l i t y  has r u le d  o u t th e  p o s s i b i l i t y  

t h a t  th e se  may be a l e t h a l  near-UV r a d i a t i o n  l e s i o n .  Most b a c t e r i a l  

s t r a i n s  i r r a d i a t e d  u n d er normal c o n d i t io n s  (lew  f lu e n c e  r a t e ,  room 

te m p e ra tu re , a i r )  shew la c k  o f  p h o to r e a c t iv a b i l i ty  ( J a g g e r ,  1983). 

S im i la r ly ,  tra n s fo rm in g  DNA i s  n o t p h o to re a c t iv a te d  fo llo w in g  

near-UV i r r a d i a t i o n  (C a b re ra -Ju a re z  e t  a l . .  1976 ). In  mammalian 

c e l l s ,  th e  use o f t h i s  m ethod to  a s s e s s  th e  im p o rtan ce  o f p y rim id in e

d im ers i s  n o t p o s s ib le  s in c e  most commonly u sed  c e l l  ty p e s  have no t

been shown t o  use p h o to r e a c t iv a t io n  r e p a i r  e f f e c t i v e l y .  A 

d i f f e r e n t  approach  to  t h i s  q u e s t io n  h a s  been  t o  i n v e s t i g a t e  w hether 

near-UV i r r a d i a t i o n  r e s u l t s  i n  in a c t iv a t io n  w hich fo llo w s  k in e t i c s  

c o n s is te n t  w ith  a d im er-cau sed  mechanism. A lthough th e  p resen ce  o f 

a c o n s ta n t  dose m o d if ic a t io n  f a c t o r  o b ta in e d  betw een 25^ nm and
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near-UV mono chroma t i c  o r  b road -band  w av e le n g th s  h a s  been  u sed  a s  an  

argum ent t h a t  th e  mechanism o f near-UV k i l l i n g  i s  s im i la r  to  t h a t  o f 

far-U V , i . e .  th rough  p y rim id in e  dim er fo rm a tio n , t h i s  i s  n o t 

c o r r e c t .  On th e  c o n tra ry  th e  ab sen ce  o f such a  c o r r e l a t i o n  s u g g e s ts  

th e  invo lvem en t o f  o th e r  m echanism s i n  th e  near-UV in d u ced  c e l l  

k i l l i n g .

U n fo r tu n a te ly , t h i s  com parison  h a s  been co m p lica ted  by th e  use 

o f  p o ly c h ro m a tic  s o u rc e s  such a s  f lu o r e s c e n t  sun lam ps (FSL) w hich 

em it v e ry  s i g n i f i c a n t l y  in  th e  mid-UV re g io n  and i n  w hich 

s y n e r g i s t i c  e f f e c t s  betw een  d i f f e r e n t  w a v e le n g th s  a r e  p o s s ib le .  

T h e re fo re , a lth o u g h  a  c o n s ta n t  dose m o d if ic a t io n  f a c to r  h a s  been  

r e p o r te d  f o r  c u l tu r e d  g o ld f i s h  c e l l s  (Shima and S e tlcw , 1984) and 

human f i b r o b l a s t s  (K antor + 1980; P a tto n  e t  a l . ,  1984) when

th e  e f f e c t s  o f  254 rm and FSL w ere compared, t h i s  co u ld  be due to  

th e  c o n t r ib u t io n  o f  s h o r te r  w av e le n g th s  p re s e n t  i n  th e  FSL. S u p p o rt 

f o r  t h i s  su g g e s tio n  comes from  th e  s tu d ie s  o f  Shima and S e tlcw  

(1984) and R o se n s te in  (1 9 8 4 ). U sing g o ld f is h  c e l l s  w hich p o s se s s  

p h o to r e a c t iv a t in g  enzyme, th e  f i r s t  s tu d y  showed t h a t  bo th  254 nm 

and FSL-induced d im ers w ere  r e v e r s e d ,  i f  p h o to re a c t iv a te d ,  and dim er 

r e v e r s a l  w as p a r a l l e l e d  by a  r e d u c t io n  i n  c e l l  k i l l i n g .  However, i f  

p ro g re s s iv e  f i l t e r i n g  o f  th e  r a d i a n t  en erg y  to  remove in c r e a s in g  

segm ents o f  th e  s p e c t r a l  r e g io n  below 320 nm was done, a s  i n  th e  

second s tu d y , a  p ro g re s s iv e  d e c l in e  i n  th e  p h o to re a c t iv a b le  s e c to r  

was o b ta in e d . A s im i la r  c o n c lu s io n  was re a c h e d  by Z e l le  _e£ al«  

(1980) who used  f i l t e r s  to  s e p a ra te  th e  e f f e c t s  o f  mid UV and n e a r  

UV a t  320 nm and found l e t h a l i t y  per dimer to  be lo w e s t a f t e r  far-U V  

i r r a d i a t i o n  and h ig h e s t  a f t e r  near-UV i r r a d i a t i o n  i n  C hinese h am ste r 

c e l l s .
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These r e s u l t s  show t h a t  w h ile  d im ers a r e  c r i t i c a l  

p h o to p ro d u c ts  i n  c e l l s  exposed  to  far-U V  r a d i a t i o n ,  a t  lo n g e r  

w av e le n g th s  non-d im er p h o to p ro d u c ts  a r e  a l s o  in v o lv e d  and t h e i r  

c o n t r ib u t io n  to  c e l l  k i l l i n g  becom es im p o r ta n t .

S tu d ie s  u s in g  m onochrom atic l i g h t  a l s o  a g re e  t h a t  th e  number 

o f  p y rim id in e  d im ers in d u ced  i n  c e l l u l a r  DNA by near-UV l i g h t  o f 

w av e len g th  g r e a t e r  th a n  320 ran i s  n o t s u f f i c i e n t  to  acc o u n t f o r  c e l l  

k i l l i n g ,  and a  d i f f e r e n t  l e s i o n  m ust be in v o lv e d  (Sm ith and 

P a te rs o n , 1962; Keyse e t  a l . , 1983; W ells  and Han, 1984). Han e t  a l .  

(1984) e s t im a te d  t h a t ,  i n  C hinese Ham ster c e l l s ,  p y rim id in e  dim er 

fo rm a tio n  (m easured a s  en d o n u c lease  s e n s i t i v e  s i t e s )  fo llo w in g  365
D

ran i r r a d i a t i o n  w as 4 .3  p e r 2 x 10 d a l to n s  compared to  30 .3  s i t e s
D

p er 2 x 10 d a l to n s  form ed by 254 ran. No d e te c ta b le  endonuclease  

s i t e s  w ere in d u c ed  fo llo w in g  405 nn i r r a d i a t i o n .

S in g le -S tra n d  b reak s  (s sb )

A DNA le s i o n  w hich o c c u rs  w ith  g r e a te r  freq u en cy  r e l a t i v e  to  

p y rim id in e  d im ers  a t  lo n g e r  w av e le n g th s  i s  s in g le - s t r a n d  b reak  

fo rm a tio n  ( T y r r e l l  e t  a l . . ,  1974). In  E. c o l i  th e  number of d im ers 

in d u ced  f o r  each ssb  was m easured a s  8 0 0 , 2 1 , 1.8 and <0.1 fo llo w in g  

i r r a d i a t i o n  w ith  254, 313, 365 and 405 nm, r e s p e c t iv e ly  (Webb,

1977)* In  mammalian c e l l s ,  Han e t  a l .  (1984) n o te d  a s im i la r  

in c re a s e  i n  s sb  freq u en cy  a t  lo n g e r  w a v e le n g th s . They m easured 1,
o

1 1 .3 , and 13.3 s in g le - s t r a n d  b re a k s  per 2x10 d a l to n s  i n  Chinese 

h am ster c e l l s  fo llo w in g  d o ses  o f  254, 365 and 405 nn w hich r e s u l t e d  

i n  ap p ro x im a te ly  10 p e r c e n t s u r v iv a l .

A ctio n  s p e c t r a  f o r  DNA s in g le - s t r a n d  b reak  in d u c t io n  have been 

o b ta in e d  by Peak and Peak (1982) fo r  fi. s u b t i l  i s  i n  th e  254-434 nn
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range  and by R o se n s te in  and Du c o re  (1983) fo r  normal human

f i b r o b l a s t s  i n  th e  240-546 nm range . Both a c t io n  s p e c tr a  a re  

s im i la r  to  each  o th e r  and t o  th e  no rm alized  DNA a b s o rp tio n  spectrum  

(F ig . 4) i n  th e  far-U V  re g io n ,  bu t i n  th e  near-UV two s ig n i f i c a n t  

d i f f e r e n c e s  a r e  a p p a re n t :  A lthough both  a c t io n  s p e c tr a  have a peak

a t  265 nm, th e  b a c t e r i a l  a c t io n  spectrum  shews a . d i s t i n c t  b reak  a t

334 rm p ro d u c in g  a  sh o u ld e r  i n  th e  n ea r UV w hereas th e  human c e l l

a c t io n  spectrum  h as  a more s u b t le  d ec re ase  i n  s lo p e  from  313 to  405 

nm and a  second peak , th r e e  o rd e r s  o f  m agnitude sm a lle r ,  a t  450 nm. 

T h is  p a r t  i s  s im i la r  to  th e  no rm alized  a b s o rp tio n  spectrum  f o r  

r i b o f l a v i n  o r  b i l i r u b i n .  R o se n s te in  e t  a l . ,  (1983) showed t h a t

exogenously  added b i l i r u b i n  g r e a t ly  enhanced near-U V -induced DNA 

s in g le - s t r a n d  b re a k s  i n  human f i b r o b l a s t s .  I r r a d ia te d  b i l i r u b i n  

a l s o  in d u ced  DNA s in g le - s t r a n d  b reak s i n  th e  d a rk , and t h i s  e f f e c t  

was e l im in a te d  i f  th e  i r r a d i a t e d  b i l i r u b i n  was f i r s t  in c u b a te d  w ith  

c a t a la s e .  T ogether w ith  th e  a c t io n  spectrum  d a ta  (F ig . 4) t h i s  

su g g e s ts  t h a t  th e  s sb  fo rm a tio n  a t  400 nm i s  due to  hydrogen  

p e ro x id e  p ro d u c tio n  by endogenous b i l i r u b in .  T h is  e f f e c t  i s  l a r g e ly  

e l im in a te d  by in c u b a t io n  o f  th e  c e l l s  i n  com plete medium f o r  30 min 

a t  37°C (R o s e n s te in  and D ucore, 1984).

In  b a c t e r i a l  c e l l s ,  s sb  c a n  a l s o  be e f f e c t iv e l y  r e p a i r e d  by 

th e  DNA polym erase f u n c t io n  (Ley e t  a l . ,  1978). Evidence f o r  th e  

im portance  o f u n re p a ire d  s s b  a s  c o n t r ib u to r s  to  l e t h a l i t y  comes from  

com parisons o f  w h e th e r a g e n ts  t h a t  m odify ssb  in d u c t io n  a l t e r  c e l l  

s u rv iv a l  i n  a  s im i la r  way. Oxygen, w hich s e n s i t i z e s  bo th  b a c t e r i a l  

and mammalian c e l l s  (Webb and L orenz, 1970; Danpure and T y r r e l l ,  

1976) and tra n s fo rm in g  DNA (Peak  e t  a l . f 1981) to  i n a c t iv a t io n ,  a ls o  

in c r e a s e s  s sb  in d u c t io n  by 365 nm ( T y r r e l l  e t  a l . ,  1974; Peak and

-  16 -



1.0

O
(f>
OJ

O
\—

LlI
>

<

UJ
cr

co
LlI

<
>

0 .0 1  —

0 . 0 0 1  -

0 . 0 0 0 1  —

SINGLE-STRAND BREAKS 

O  Hunan F ib r o b la s t s  (R o se n s te in  and Ducore, 1963) 

•  £ .  s u b t i l  i s  (Peak and Peak, 1962)

 DNA ABSORPTION SPECTRUM

(S u th er la n d  and G r i f f in ,  1981)

0 . 0 0 0 0 I 280 320 360 400  440  480
W. AVE L E N G T H  (nm)

520 560

F ig u re  M. A ction s p e c t r a  f o r  i n  v ivo  in d u c t io n  of s in g le - s t r a n d  
breakage o f DNA i n  human f i b r o b l a s t s  ( O ) and i n  B a c i l lu s
s u b t i l  i s  ( •  ) .  Also shown i s  th e  a b s o rp t io n  spectrum of p u r i f i e d  
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Peaky 1982). G ly c e ro l, DAGCO, AET and h i s t i d i n e  w hich p r o te c t  

a g a in s t  s sb  in d u c t io n  by 365 im (Peak  and Peak, 1982; T y r r e l l  e£ 

a l . . , 1974) a l s o  red u ce  th e  in a c t iv a t io n  o f  w hole b a c t e r i a l  c e l l s  and 

tra n s fo rm in g  DNA by near-UV i r r a d i a t i o n  (Peak and Peak, 1980 ; Peak

e t  a l . ,  1973; Peak and Peak, *1975; Peak e t  a l . ,  1981) th u s

im p l ic a t in g  s sb  a s  a  l e t h a l  l e s io n .

Not a l l  s tu d ie s ,  however, a g ree  w ith  th e se  c o n c lu s io n s . Roza

e t  (1985) in  a  co m p ara tiv e  s tu d y  o f th e  l e t h a l  e f f e c t s  o f  f a r -

and near-UV l i g h t  on human s k in  f i b r o b l a s t s  and s sb  in d u c t io n ,  

re p o r te d  t h a t  90 p e r  c e n t o f th e  ssb  w ere r e p a i r e d  w i th in  15 

m in u tes . They p roposed  t h a t  s sb  in d u c t io n  by near-UV i r r a d i a t i o n  

was due to  th e  fo rm a tio n  o f  hydrogen p e ro x id e  w hich  w ould be 

c o n v e rted  t o  h ig h ly  r e a c t iv e  h y d ro x y l r a d i c a l s  and damage th e  DNA. 

In  su p p o rt o f  t h i s  id e a ,  th e  p resen ce  o f c a ta la s e  d u r in g  i r r a d i a t i o n  

was found to  g r e a t ly  red u ce  th e  amount o f  ssb  form ed by near-UV

i r r a d i a t i o n  b u t d id  n o t a l t e r  s u r v iv a l .  T h is im p lie s  t h a t  s sb  a r e

n o t a c r i t i c a l  l e s io n ,  u n le s s  a  v e ry  sm all r e s id u a l  f r a c t i o n  o f  s sb , 

s t i l l  p re s e n t  a f t e r  p ro lo n g ed  r e p a i r  p e r io d s ,  i s  r e s p o n s ib le  f o r  

c e l l  d ea th  (b o th  a f t e r  i r r a d i a t i o n  i n  th e  p resen ce  and  ab sen ce  o f 

c a t a l a s e ) .  Han e t  a l .  (1984) a l s o  observ ed  t h a t  s sb  in d u c ed  i n  

C hinese ham ste r c e l l s  by 365 and 405 nn w ere e f f i c i e n t l y  r e p a i r e d .  

When e x p re s se d  r e l a t i v e  to  k i l l i n g  e f f ic ie n c y ,  th e  e f f i c i e n c y  of 

in d u c tio n  o f  ssb  by th e se  w av e le n g th s  i s  s i g n i f i c a n t l y  low er th a n

t h a t  a t t r i b u t e d  to  io n iz in g  r a d i a t i o n ,  fo r  w hich DNA b reak s  a r e

g e n e ra lly  th o u g h t to  be a  b io lo g ic a l ly  im p o rtan t l e s i o n .
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Thymine g ly c o ls

Thymine g ly c o ls ,  monomeric r i n g - s a tu r a t e d  p ro d u c ts  o f  th e  

5 ,6 -d ih y d ro x y d ih y d ro th y m in e  type  have been  d e te c te d  i n  th e  DNA o f 

human c e l l s  bo th  i n  v i t r o  and i n  v iv o  fo llo w in g  far-U V  i r r a d i a t i o n  

(H a rih a ra n  and C e r u t t i ,  1977). In  HeLa S-3 c e l l s ,  one thym ine g ly c o l 

w as form ed f o r  8 .4  p y rim id in e  d im ers  a t  240 rm and th e n , one thym ine 

g ly c o l fo r  20 , 17» 1 .4  p y rim id in e  d im ers a t  260, 280 and 313 nm,

r e s p e c t iv e ly .  At 334 and 365 nm th e  thym ine g ly c o l y i e l d  was 

c o n s id e ra b ly  l e s s  th a n  t h a t  o f p y rim id in e  d im ers . The b io lo g ic a l  

s ig n i f ic a n c e  o f thym ine g ly c o ls  h a s  n o t y e t  been  d e te rm in ed .

D N A -protein c r o s s l in k s

D N A -protein c r o s s l in k s  caused  by far-UV r a d i a t i o n  w ere 

r e p o r te d  a s  e a r ly  a s  1964 by Sm ith b u t i n t e r e s t  i n  t h i s  l e s i o n  h a s  

on ly  r e c e n t ly  re v iv e d . Han e t  a l .  (1984) r e p o r te d  th e  in d u c t io n  o f  

D N A -protein c r o s s l in k s  i n  C hinese Ham ster c e l l s  by m onochrom atic 

254, 365 and 405 rm i r r a d i a t i o n ,  a s  m easured by a lk a l in e  e l u t io n .  

The c r o s s l in k s  w ere d e te c te d  even  a f t e r  r e l a t i v e l y  lew f lu e n c e s  t h a t  

r e s u l t e d  i n  60 p e r  c e n t s u r v iv a l .  An a c t io n  spectrum  f o r  th e  

in d u c t io n  o f  D NA -protein c r o s s l in k s  i n  human c e l l u l a r  DNA, m easured 

by th e  p re v io u s  te c h n iq u e , was r e p o r te d  by Peak e t  a l .  (1985a, b) 

(F ig . 5 ) .  I t  h a s  a  component t h a t  i s  s im i la r  to  th e  DNA a b s o rp t io n  

spectrum  i n  th e  254-313 nm re g io n  and a  component w ith  a  second peak  

th r e e  o rd e r s  o f  m agnitude low er a t  405 nn. At 405 nm th e  in d u c t io n  

o f  th e  l e s i o n s  depends upon th e  p resen ce  o f oxygen w h ereas  t h i s  i s  

n o t th e  case  f o r  far-U V in d u c tio n .  The red u ce d  y i e l d  o f  c r o s s l in k s  

under a n a e ro b ic  c o n d it io n s  and th e  in c re a s e d  in d u c t io n  o f  c r o s s l in k s  

i n  a  d eu te riu m  oxide env ironm ent i s  ev id en ce  t h a t  th e  mechanism o f
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a c t io n  o f  405 nm I r r a d i a t i o n  i s  v i a  a  r e a c t iv e  s p e c ie s  o f  oxygen, 

such a s  s i n g l e t  oxygen, s in c e  deu teriu m  ox ide s lew s th e  decay tim e 

o f s i n g l e t  oxygen by abou t one o rd e r  o f m agnitude (M erkel e t  a l . f 

1972). The n a tu re  o f th e  p r o te in s  t h a t  a r e  c ro s s l in k e d  to  DNA and 

th e  s i t e s  on th e  DNA to  w hich  th ey  a re  c ro s s l in k e d ,  rem ain  u n c le a r .

2 .2 .4  Non-DNA l e s i o n a ;  Damage to  r e p a i r  system s

When exam in ing  th e  e f f e c t s  o f  s o la r  UV both  g e n e t ic  and 

n o n -g e n e tic  l e s i o n s  m ust be c o n s id e re d . As w e ll  a s  th e  l e s i o n s  

above, c e l l u l a r  sy stem s t h a t  co u ld  be damaged w ith  s e v e re  

consequences f o r  th e  c e l l  s u rv iv a l  in c lu d e  DNA r e p a i r  sy stem s. DNA 

r e p a i r  h a s  been  e x te n s iv e ly  s tu d ie d  i n  b a c t e r i a l  c e l l s  due to  th e  

ease  o f t h e i r  m a n ip u la t io n  and th e  a v a i l a b i l i t y  o f m u tan ts  la c k in g  

i n  one o r more r e p a i r  p ro c e s s e s .  T h is  work h a s  gone i n t o  g r e a t  

b io ch em ical d e t a i l  b u t w i l l  on ly  be d is c u s s e d  b r i e f l y  s in c e  th e  

enzym atic  d e t a i l s  may n o t be a p p l ic a b le  to  mammalian c e l l s .

T here a r e  th r e e  modes o f  r e p a i r  w hich can be c l a s s i f i e d  i n t o  

th o se  w hich a c t  on n o n -re  p l i c a  t i n g  DNA, e.,g . p h o to r e a c t iv a t io n  and 

e x c is io n  r e p a i r ,  and th o se  w hich in v o lv e  th e  i n t e r a c t i o n  o f  damage 

and r e p a i r  w ith  r e p l i c a t i n g  DNA, term ed p o s t - r e p l i c a t i o n  r e p a i r .

Ph o t o r ea c t  iv  a t  i  on

P h o to re a c t iv a t io n  in v o lv e s  th e  pho toenzym atic  r e p a i r  o f 

p y rim id in e  d im ers  w hich s t a r t s  by th e  fo rm a tio n  o f  an  enzym e-dim er 

complex w hich , on su b se q u en t a b s o rp t io n  o f  near-UV or v i s i b l e  l i g h t ,  

c le a v e s  th e  dim er w ith  d i s s o c i a t i o n  o f  th e  enzyme from  DNA th u s  

r e p a i r in g  th e  damage. P h o to re a c t iv a t io n  i s  h ig h ly  s p e c i f i c  f o r  

p y rim id in e  d im ers  (S etlow  and S e tlcw , 1972 ). Phot © re a c t iv a t in g  

enzyme h a s  been  found  i n  bo th  b a c t e r i a l  and e u k a ry o t ic  c e l l s
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a lth o u g h  i t s  a c t i v i t y  in  mammalian c e l l s  i s  u n c e r ta in  ( fo r  rev iew  

see  S u th e r la n d , 1977).

E x c is io n  r e p a i r

The p ro c e s s  o f  e x c is io n  r e p a i r  in v o lv e s  th e  rem oval o f a 

damaged s e c t io n  o f  DNA and i t s  rep la cem e n t w ith  undamaged 

n u c le o t id e s  th u s  r e s t o r i n g  th e  normal f u n c t io n  o f  DNA. The o r ig in a l  

model o f e x c is io n  r e p a i r  proposed  by Setlcw  and C a r r ie r  (1964) 

en v isag e d  a f o u r - s t e p  p ro c e s s . F i r s t ,  an i n c i s io n  s te p  a d ja c e n t  to  

th e  damage made by an en d o n u c lea se , now known a s  th e  uvrABC p ro d u c t, 

fo llo w ed  by a  b re a k  i n  th e  p h o sp h o d ie s te r  backbone a d ja c e n t  to  th e  

d im er, and new s y n th e s is  by a  DNA polym erase u s in g  th e  com plem entary 

s t r a n d  o f  DNA a s  a  te m p la te . The p ro c e s s  i s  com pleted by th e  

jo in in g  o f  th e  new p a tch  o f n u c le o t id e s  t o  th e  p r e - e x i s t in g  DNA by 

DNA l i g a s e .  The n e t  r e s u l t  i s  a n  e r r o r - f r e e  r e p a i r  o f th e  DNA, w ith  

no l o s s  o f  g e n e t ic  in fo rm a tio n , and th e  r e l e a s e  o f d im ers i n t o  th e  

medium. T h is  i s  a n  o v e r s im p l i f i c a t io n  o f  th e  p ro c e ss  f o r  w hich 

c o n s id e ra b le  d e t a i l  o f th e  g e n e t ic  and p h y s io lo g ic a l  c o n t ro l s  i s  now 

known f o r  b a c t e r i a l  c e l l s  (Sm ith , 1978; Lehmann and B rid g e s , 1977; 

H anaw alt e t  a l . ,  1979).

P o s t - r e p l i c a t i o n  r e p a i r

P o s t - r e p l i c a t i o n  r e p a i r  or dim er bypass mechanism i s  th o u g h t 

to  in v o lv e  d is c o n tin u o u s  s y n th e s is  o f  DNA w ith  gaps a t  damaged 

te m p la te s  w hich  a r e  su b se q u e n tly  f i l l e d  by re c o m b in a tio n a l e v e n ts  

betw een homologous DNA s t r a n d s  (Rupp e t  a l . ,  1971). T h is  may be a n

e r ro r -p ro n e  pathway o f DNA r e p a i r  w hich r e s u l t s  i n  m u ta tio n s . The 

m echanism s and g e n e t ic  c o n tro l  of th e se  pathw ays i n  b a c t e r i a  have 

been  th e  s u b je c t  o f r e c e n t  re v ie w s  (H anaw alt e t  a l . » 1979; Lehmann 

and K arr an , 1981).
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The above r e p a i r  p ro c e s se s  a r e  v e ry  e f f e c t i v e .

P h o to re a c t iv a t io n  can  in c r e a s e  th e  f lu e n c e  r e q u ir e d  f o r  a  g iv e n  

e f f e c t  by a  f a c t o r  o f up t o  10. M utants o f  E. c o l i  d e f e c t iv e  e i t h e r  

i n  e x c is io n  o r  p o s t - r e p l i c a t i o n  r e p a i r  a re  abou t 30 fo ld  more

s e n s i t i v e  to  far-U V  i r r a d i a t i o n  th a n  th e  w ild  ty p e , w h ile  th e  dou b le  

m utan t i s  a p p ro x im a te ly  1000 tim es more s e n s i t i v e  th a n  th e  w ild  

ty p e . I t  can  be ex p ec ted  t h a t  damage to  th e s e  sy stem s w ould have  

im p o rta n t consequences f o r  c e l l  s u rv iv a l .

I t  h a s  been  su g g e s te d  t h a t  r e p a i r  o f many ty p e s  o f  DNA

le s io n s  i s  d is r u p te d  by near-UV r a d ia t io n s  w i th in  th e  same dose 

ran g e  a s  l e s i o n  in d u c t io n  and t h a t  th e  com bination  o f  th e  re d u c e d  

r e p a i r  a b i l i t y  to g e th e r  w ith  th e  l e t h a l  p o te n t ia l  o f DNA l e s i o n s  

co u ld  r e s u l t  i n  c e l l  d e a th . The ev idence s u p p o r tin g  t h i s  model

comes l a r g e ly  from b a c t e r i a l  w ork and i s  in c lu d e d  i n  a  rev iew  

( T y r r e l l ,  1979)-

2 .2 .5  Damage to  membranes

The q u e s t io n  o f  w h e th e r membrane damage i s  im p o rta n t f o r

U V-induced c e l l  i n a c t iv a t io n  h a s  been re -a d d re s s e d  i n  th e  p a s t  few

y e a r s .  S ev e ra l p o s s ib le  dam aging e f f e c t s  t h a t  have been in v e s t ig a t e d  

in c lu d e  s t r u c t u r a l  changes o f  membranes, d i f f e r e n c e s  i n  s u r fa c e  

p o t e n t i a l ,  changes i n  p a s s iv e  p e rm e a b ility  or a c t iv e  t r a n s p o r t ,  

l i p i d  p e ro x id a t io n  p ro d u c ts , or th e  r e le a s e  o f o th e r  membrane 

c o n s t i tu e n t s .

The f i r s t  s tu d y  w hich su g g es ted  a membrane c o n t r ib u t io n  to  

near-UV ra d ia t io n - in d u c e d  l e t h a l i t y  was t h a t  o f H o llaen d er i n  1943 

who observ ed  a  s e n s i t i v i t y  o f near-UV i r r a d i a t e d  E. c o l i  to

p h y s io lo g ic a l  s a l i n e .  T here w as no such e f f e c t  fo llo w in g  far-U V
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i r r a d i a t i o n .  T h is  o b s e rv a tio n  r e c e iv e d  no f u r th e r  n o tic e  u n t i l  Moss

and Sm ith (1981) showed t h a t  th e  s u rv iv a l  o f a w ild  ty p e  E. c o l i

K-12 s t r a i n  JG139 a f t e r  i r r a d i a t i o n  w ith  b road-band  near-UV

r a d i a t i o n  was s ig n i f i c a n t l y  in f lu e n c e d  by th e  c o n c e n tr a t io n  o f

in o rg a n ic  s a l t s  p re s e n t  i n  th e  m inim al p la t in g  medium. They found

t h a t  a n  in c re a s e  i n  th e  s a l t  c o n c e n tr a t io n  o r  th e  a d d i t io n  o f  a low

c o n c e n tr a t io n  o f  com m ercial d e te rg e n t to  th e  m inim al p la t in g  medium

caused  a n  in c re a s e  i n  c e l l  l e t h a l i t y  a f t e r  near-UV bu t n o t far-UV

i r r a d i a t i o n .  In  an  a c t io n  spectrum  su b se q u en tly  d e s c r ib e d , t h i s

e f f e c t  w as shewn t o  occur on ly  a t  w av e len g th s  above 310 nm (K ellan d

e t  a l . f 1 9 83a). The same s t r a i n  o f  E. c o l i  was used  to  d em o n stra te

more d i r e c t  UV-membrane in t e r a c t i o n s  by exam ining th e  r e le a s e  o f 

86 +
Rb f r a n  U V -ir ra d ia te d  c e l l s  (K elland  e t  a l . ,  1984). When

com paring th e  a c t io n  spectrum  f o r  t h i s  e f f e c t  w ith  th e  a c t io n

spectrum  f o r  l e t h a l i t y  (F ig . 6 ) ,  i t  can  be no ted  t h a t  le a k a g e  of 

86  +Rb o c c u rs  a t  f lu e n c e s  e q u iv a le n t  to ,  or s l i g h t l y  l e s s ,  th a n  

f lu e n c e s  ca u s in g  in a c t iv a t io n ,  a t  w av e len g th s  lo n g e r  th a n  305 nn.

S im ila r  r e s u l t s  t h a t  su g g e s t an  invo lvem ent o f membrane damage

i n  near-U V -induced l e t h a l i t y  come from a v a r i e ty  o f o th e r  c e l l

ty p e s . Some s tu d ie s  r e p o r t  m em brane-re la ted  e f f e c t s  such a s

in c re a s e d  ®^Rb+ leak ag e  from ro se  c e l l s  (Murphy and W ilson , 1982) o r

e f f lu x  o f  Na+ , K+ and Cl” from Chara o o r a l l in a  c e l l s  (Doughty and

Hope, 1973) fo llo w in g  254 rm i r r a d i a t i o n  bu t do n o t comment t h a t  th e

f lu e n c e s  r e q u ir e d  to  produce such e f f e c t s  a r e  q u i t e  l a r g e  (1080, 
_2

28 20 Jm ) .  O ther s tu d ie s ,  hcw ever, such a s  Bruce i n  1958 

d em o n stra ted  t h a t  far-UV i r r a d i a t i o n  r e q u ir e d  an  ap p ro x im ate  16- f o ld  

h ig h e r  f lu e n c e  to  a f f e c t  K+ r e te n t io n  o f  y e a s t  c e l l s  th a n  to  a f f e c t  

s u r v iv a l ,  w hereas a f t e r  near-UV i r r a d i a t i o n  K+ r e t e n t io n  and
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s u rv iv a l  w ere  in f lu e n c e d  by s im i la r  f lu e n c e s .  In  a  more r e c e n t  

s tu d y , I t o  and I t o  (1983) o b se rv ed  an  oxygen^dependent dam aging 

e f f e c t  on e x p o n e n tia l-p h a s e  y e a s t  c e l l  membranes m a n ife s te d  a s  a 

d is r u p t io n  o f  th e  p e rm e a b il i ty  b a r r i e r  a f t e r  b road-band  (300-400 nm) 

b u t n o t a f t e r  254 nn i r r a d i a t i o n .

S tu d ie s  w ith  mammalian c e l l s  a r e  much r a r e r  and th e  m a jo r i ty

o f th e se  d e a l w ith  th e  e ry th ro c y te  because i t  i s  u n co m p lica ted

by i n t r a c e l l u l a r  membranes. U V -rad ia tio n -in d u ced  e f f e c t s  on th e  r e d

b lood c e l l  (RBC) membrane a r e  a p p a re n t e i t h e r  a s  h aem o ly s is  o r  a s

l i p i d  p e ro x id a t io n  p ro d u c ts . Both f a r -  and near-UV w av e len g th s  have

been shown to  cause oxygen-dependen t h aem o ly s is  r e l a t e d  to  l i p i d

p e ro x id a t io n  (R oshchupkin e t  a l . ,  1975). Again, very  la rg e  d o ses  o f  

3 - 2254 im (10 Jm ) w ere u t i l i z e d  to  induce l i p i d  p e ro x id a t io n  i n  t h i s  

s tu d y , and i t  was l a t e r  con firm ed  w ith  e ry th ro c y te  membranes and 

lip o so m es t h a t  365 nm i r r a d i a t i o n  i s  more e f f i c i e n t  i n  in d u c in g  

l i p i d  p e r o x id a t io n  th a n  254 nm by a  f a c to r  o f 2 (Mandal e t  a l . . , 

1980) .

In c re a se d  l i p i d  p e ro x id a t io n ,  m easured a s  t h i o b a r b i t u r i c  a c id  

r e a c t in g  (TBA) m a te r ia ls  h a s  a l s o  been o b serv ed  a f t e r  b ro ad -b an d  

290-320 nm i r r a d i a t i o n  o f  mouse melanoma c e l l s  a t  d o ses  w here 90 p e r  

c e n t v i a b i l i t y  was r e t a in e d  (S akanash i .e t a l . ,  1986). However, 

l i p i d  p e ro x id a t io n  d id  n o t ind u ce  a s ig n i f i c a n t  a l t e r a t i o n  o f  

membrane f l u i d i t y  im m ed ia te ly , bu t on ly  a f t e r  6 h o u rs , r e f l e c t i n g  

perh ap s a d e lay ed  membrane in ju r y  d u rin g  th e  m etabo lism  o f l i p i d  

p e ro x id a tio n  p ro d u c ts  o r d u r in g  r e p a i r  p ro c e sse s .

I r r a d i a t i o n  o f  mouse f i b r o b l a s t s  and human k e r a t in o c y te s  i n  

c u l tu r e  w ith  p r im a r ily  mid-UV w aveleng ths  (290-320 nm) in d u c e s  t h e  

r e le a s e  o f a ra c h id o n ic  a c id  from  membrane p h o sp h o lip id s  (DeLeo efc,
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-§!•» 1984, 1985). The a lm o s t im m ediate r e l e a s e  o f a ra c h id o n ic  a c id  

(w ith in  5 m in u tes  o f  i r r a d i a t i o n )  s u g g e s ts  a  d i r e c t  a c t io n  o f  UV 

r a d i a t i o n  on c e l l  membranes.

S c a t te r e d  e v id e n c e , th e r e f o r e ,  p o in ts  to  a  damaging e f f e c t  o f  

m id- and near-UV w av e le n g th s  on th e  c e l l u l a r  membranes w hich under 

some c irc u m sta n c e s  may c o n t r ib u te  to  c e l l  d e a th . P roposed  

mechanism s f o r  th e  near-UV induced  damage in c lu d e  p e ro x id a t io n  o f

th e  membrane l i p i d s  i n i t i a t e d  and p ro p a g a te d  by a c t iv e  oxygen 

s p e c ie s  w hich a re  th o u g h t to  be in v o lv e d  i n  near-UV in d u ced  

l e t h a l i t y .

3 .  BIOLOGICAL EFFECTS OF REACTIVE OXYGEN SPECIES

As p re v io u s ly  d is c u s s e d , oxygen i s  an  im p o rta n t m e d ia to r  o f 

th e  b io lo g ic a l  e f f e c t s  o f  near-UV r a d i a t i o n .  I t  bo th  s e n s i t i z e s  

c e l l s  to  in a c t iv a t io n  and in c r e a s e s  th e  in c id e n c e  o f l e s i o n s  such  a s  

s in g le - s t r a n d  b reak s  and p r o t e i n  c r o s s l in k s .  The o b s e rv a tio n  t h a t  

oxygen a l t e r s  s p e c i f i c a l l y  near-UV bu t n o t far-UV  e f f e c t s  i s  ta k e n  

a s  s t ro n g  ev id en ce  o f th e  e x is te n c e  o f d i f f e r e n t  m echanism s o f

a c t io n  betw een th e  two s p e c t r a l  r e g io n s .  However, th e  m echanism s by

w hich oxygen e x e r t s  i t s  e f f e c t s  rem a in  l a r g e ly  u n d e fin e d  and a r e  

term ed lo o s e ly  a s  * i n d i r e c t  photodynam ic a c t io n  by oxygen r e a c t i v e  

s p e c ie s  u s in g  endogenous s e n s i t i z e r s * . I t  i s  n e c e s sa ry  to  exam ine 

such r e a c t iv e  s p e c ie s ,  t h e i r  fo rm a tio n , l im i te d  e x i s te n c e ,  and 

p o s s ib le  b io lo g ic a l  r o l e  a s  m e d ia to rs  o f  near-UV damage.
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3*1 • Generation of re a c tiv e  oxygen species

Oxygen i n  i t s  ground s t a t e  c o n ta in s  tw o u n p a ire d  e l e c t r o n s  

w ith  p a r a l l e l  s p in s .  The p a r a l l e l  s p in s  im pose a  r e s t r i c t i o n  on 

e l e c t r o n  t r a n s f e r  w hich makes oxygen r e l a t i v e l y  n o n - r e a c t iv e  w ith  

n o n - ra d ic a l  s .  T h e re fo re , th e  m a jo r i ty  o f oxygen* s  photodynam ic

e f f e c t s  a r e  th o u g h t to  a r i s e  th ro u g h  more r e a c t i v e  s p e c ie s  g e n e ra te d  

e i t h e r  by p h o to s e n s i t iz e d  r e a c t io n s  o r  d u r in g  th e  u n iv a le n t  

r e d u c t io n  o f  oxygen t o  w a te r  w hich ta k e s  p la c e  i n  a l l  r e s p i r i n g  

c e l l s  (F r id o v ic h , 1975).

In  a  p h o to s e n s i t iz e d  r e a c t io n  , c e r t a i n  m o le c u le s  a b so rb  l i g h t  

o f a  s p e c i f i c  w av e len g th  and th e  energy r a i s e s  th e  m o lecu le  i n t o  a n  

• e x c i te d  s t a t e * .  The e x c i t a t i o n  energy  can th e n  be t r a n s f e r r e d  to  

an  a d ja c e n t  oxygen m o lecu le , c o n v e r t in g  i t  to  th e  s i n g l e t  s t a t e  

(K rin sk y , 1964).

S e n s i t i z e r s  w hich co u ld  produce s in g l e t  oxygen i n t r a c e l l u l a r l y  

in c lu d e  r i b o f l a v i n  and i t s  d e r iv a t iv e s ,  b i l i r u b i n  and v a r io u s  

p o rp h y r in s  (H a ll iw e ll  and G u tte r id g e ,  1965). Such an e f f e c t  i s  

p o s s ib le  by energy  a b s o rp t io n  i n  th e  near-UV re g io n  and s i n g l e t  

oxygen h a s  been  in v e s t ig a t e d  a s  a p o s s ib le  m e d ia to r  o f near-UV 

e f f e c t s  (Peak e t  a l . . 1981; Peak e t  a l . ,  1985b).

W hile s i n g l e t  oxygen i s  th e  prim ary  s p e c ie s  g e n e ra te d  th ro u g h  

p h o to s e n s i t iz e d  r e a c t io n s ,  su p ero x id e  a n io n , hydrogen  p e ro x id e  and 

h y d ro x y l r a d ic a l  fo rm a tio n  a r e  a l l  p o s s ib le  by o th e r  enzym atic  

r e a c t io n s  d e p ic te d  i n  F ig . 7 . Scheme I  shows th e  r e d u c t io n  o f

S + h -----> 1S

(Type I I  P h o to s e n s i t i z a t io n )
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Scheme I . U n iv a len t r e d u c t io n  o f  oxygen t o  w a te r

P h o to s e n s i t iz e d  r e a c t io n s

5 :m e ta l - c a ta ly s e d  
H aber-W eiss r e a c t io n :

SUPEROXIDE ION

SINGLET- OXYGEN HYDROGEN PEROXIDE

HYDROXYL RADICAL

I 4

H2 °

0* + Me3+

Me2+

 > 02 + Me

.3+

2+

+ HgOg > Me + OH + OH (6 :F e n to n  r e a c t io n )

( o v e r a l l )  02 + HgOg-------- > 02 + OH + OH

m etal c a t a ly s t

Scheme I I . R e a c tiv e  oxygen s p e c ie s  in te r c o n v e r s io n  by r e a c t io n s  numbered a s  shown i n  scheme I .  
D ep ic ted  a l s o  th e  m e ta l - c a ta ly s e d  H aber-W eiss and F en ton  r e a c t io n s .

F ig u re  7 .



oxygen by acc ep tan c e  o f  one e le c t r o n  to  form  th e  super ox ide  io n  

(w hich i s  a l s o  a  r a d i c a l ,  0 | ) , hydrogen p e ro x id e  and th e

h y d ro x y l r a d ic a l  (OH*), b e fo re  b e in g  red u ced  to  w a te r .

The m u l t ip le  r e a c t io n s  d e p ic te d  i n  Scheme I I  a r e  on ly  some of 

th e  r e a c t io n s  th o u g h t to  occur amongst th e se  s p e c ie s  w hereby one 

le a d s  t o  a n o th e r .  Hydrogen pero x id e  can a l s o  be produced by th e  

d i s n u ta t io n  r e a c t io n  ( s e e  page 29) and th e  p e ro x id e  io n  and hydrogen  

p e ro x id e  to g e th e r  can  r e s u l t  i n  h y d roxy l r a d ic a l  fo rm a tio n  th ro u g h  

th e  m e ta l - c a ta ly s e d  H aber-W eiss r e a c t io n .  There i s  some c o n tro v e rsy  

over th e  p ro d u c tio n  o f  s i n g l e t  oxygen from th e  same r e a c t io n .  The 

p o s s ib le  inv o lv em en t o f th e  su p ero x id e  io n , hydrogen p e ro x id e , and 

th e  h y d ro x y l r a d ic a l  i n  near-UV induced  l e t h a l i t y  has been  

c o n s id e re d  (Peak e t  a t . , 1985b; Hoffmann and M eneghini, 1979b; Ward 

e t  a l . .  1985) b u t i n  d o in g  so , two r e l a t e d  f a c t o r s  a r e  im p o rta n t and 

sh o u ld  be p ro p e r ly  e v a lu a te d  f o r  each s p e c ie s .  One i s  th e  

r e a c t i v i t y  o f each  s p e c ie s  w ith  th e  p ro b ab le  b io lo g ic a l  t a r g e t ,  and 

th e  o th e r  i s  i t s  a b i l i t y  to  d i f f u s e  from th e  s i t e  o f i t s  g e n e ra t io n

to  th e  s i t e  o f damage. The r e a c t i v i t y  d e te rm in e s  i n  p a r t  th e

d i f f u s io n  d is ta n c e  s in c e  th e  h y d roxy l r a d ic a l  w hich h as  a  h ig h  and

in d is c r im in a te  r e a c t i v i t y  i s  n o t l i k e l y  to  d i f f u s e  away from i t s

c e l l u l a r  s i t e  o f p ro d u c tio n  bu t w i l l  r e a c t  nearby . I t s  h a l f - l i f e  a t
* in

37 C i s  i n  th e  o rd e r  o f o f 10~ sec  (P ry o r, 1984). The su p ero x id e

io n , w hich i s  much l e s s  r e a c t iv e  th a n  th e  hyd ro x y l r a d ic a l ,  co u ld

p o t e n t i a l l y  d i f f u s e  f u r t h e r  away bu t due to  i t s  charged  n a tu re  i t

can n o t d i f f u s e  th ro u g h  n o n -p o la r  r e g io n s  u n le s s  i t  becomes

p ro to n a te d . Hydrogen p e ro x id e , even l e s s  r e a c t iv e ,  has been shown

to  d i f f u s e  a c r o s s  membranes and i s  a b le  to  e x e r t  to x ic  e f f e c t s  a t  a

d is ta n c e  from  i t s  s i t e  o f  g e n e ra t io n .
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S in g le t  oxygen can  a l s o  be e x p e c te d  to  d i f f u s e  fo r  some d is ta n c e  i n  

th e  o rd e r  o f nanom eters ( I t o ,  1978) and i t s  h a l f - l i f e ,  w hich depends 

v e ry  much on i t s  en v iro n m en t, can v a ry  from 2 y^sec to  1000 ptsec 

(K earns, 1979).

3 * 2 . T o x ic ity  o f  r e a c t iv e  oxygen  s p e c ie s

3 .2 .1 .  S in g le t  Oxygen ( 1(>2 )

In  s i n g l e t  oxygen, w hich i s  an  e x c i te d  s t a t e  o f oxygen, th e

s p in  r e s t r i c t i o n  i s  rem oved and th e  o x id iz in g  a b i l i t y  g r e a t ly

in c re a s e d .  I t  can  th e r e f o r e  r e a c t  w ith  many b io lo g ic a l ly  im p o rtan t

m o lecu le s  such a s  n u c le ic  a c id  com ponents, p ro te in s  and l i p i d s

(F o o te , 1976; H a l l iw e l l  and G u tte r id g e ,  1965). I t s  r e a c t io n s  w ith
1

l i p i d s  a r e  o f p a r t i c u l a r  i n t e r e s t  s in c e  02 has a lo n g e r  l i f e t i m e  i n

a  l i p i d  env ironm ent and i t  h a s  been  shown t h a t  i t  can  r e a c t

c h em ica lly  w ith  c o n ju g a te d  d o u b le  bonds p re s e n t i n  th e  f a t t y - a c i d

c h a in s  o f  membrane l i p i d s  i n i t i a t i n g  l i p i d  p e ro x id a tio n  r e a c t io n s

(H a ll iw e ll  and G u tte r id g e ,  1985). C o n s id e rab le  ev idence  h a s  been
1

a c c u m u la tin g  in d i c a t i n g  a  r o l e  f o r  0^ i n  p h o to s e n s i t iz e d  r e a c t io n s ,

J..,e. w here th e  exogenous s e n s i t i z e r ,  commonly a dye such a s  a c r id in e

orange or to lu id in e  b lu e , i s  added to  a  b io lo g ic a l  system . S ince a t

l e a s t  p a r t  o f near-UV damage i s  th o u g h t to  occur th rough  endogenous
1

s e n s i t i z a t i o n ,  th e  p a r t i c i p a t i o n  o f  02 in  near-UV induced  l e t h a l i t y  

has been  e x te n s iv e ly  s tu d ie d .  KLamen and Tuveson (1982) p roposed  

t h a t  near-UV g e n e ra te d  0^ may le a d  to  g e n e ra liz e d  membrane 

d e s t r u c t io n ,  bu t t h i s  sh o u ld  on ly  be t r e a t e d  a s  a s p e c u la t io n  a s  no 

ev id en ce  i s  p re s e n te d  i n  s u p p o r t o f i t .  A v a r i e ty  o f o th e r  

im p o rta n t m o le c u le s  am ongst w hich a re  p r o te in  r e s id u e s  such a s  

h i s t i d i n e ,  try p to p h a n  and  c y s te in e ,  and v ita m in  E (H a ll iw e ll  and
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G u tte r id g e , 1985) a l s o  r e a c t  w ith  s in g le t  oxygen. T h e re fo re , one can 

ex p e c t m u l t ip le  b io lo g ic a l  a c t io n s  a s  a  r e s u l t  o f s i n g l e t  oxygen 

p ro d u c tio n . U n fo r tu n a te ly ,  d i r e c t  ex p e rim e n ta l ev id en ce  i s  

in a d e q u a te  i n  th e  f i e l d  and r e l i e s  on two ap p ro ach es  w hich a r e  n o t 

e n t i r e l y  s p e c i f i c  to  s i n g l e t  oxygen and c o u ld  be a n  i n d i c a t i o n  o f  

invo lvem en t o f o th e r  a c t iv e  oxygen s p e c ie s  a s  w e l l .

One app roach  to  d e te rm in e  th e  invo lvem en t o f s i n g l e t  oxygen i n  

a  b io lo g ic a l  e f f e c t  i s  by th e  use o f sc a v e n g e rs . Peak e£  a l.. in  

1981 shewed p r o te c t io n  o f  tra n s fo rm in g  DNA a g a in s t  near-UV 

in a c t iv a t io n  when 0 .1  M DABCO was p re s e n t d u rin g  i r r a d i a t i o n .  The 

maximum dose m o d if ic a t io n  f a c t o r  o b ta in e d  was 0.51 a t  350 rm, w h ile  

no p r o te c t io n  o c c u rre d  w ith  w av e len g th s  s h o r te r  th a n  313 nm. 

S im ila r  r e s u l t s  have been  o b ta in e d  by th e  same w o rk e rs  u s in g  

h i s t i d i n e  and AET a s  sc a v e n g e rs  o f  s in g l e t  oxygen (Peak e t  a l . .  

1973; Peak and Peak, 1 9 75 ). However, i t  sh o u ld  be p o in te d  o u t t h a t  

a l l  th e se  compounds a r e  ca p a b le  o f quench ing  o th e r  e x c i te d  s p e c ie s  

a s  w e ll  (F o o te , 1979).

An a l t e r n a t i v e  app roach  to  th e  study  o f th e  b io lo g ic a l  e f f e c t s

1 1o f  02 i s  by th e  use o f DgO. The decay tim e o f 02 i s  ab o u t 10

tim es  slow er i n  a  s o lu t io n  o f  compared to  HgO (M erkel e£ jBL. f

1972) and enhanced b io lo g ic a l  damage i n  th e  fo rm er s o lv e n t i s  ta k e n  

a s  e v id en ce  f o r  th e  p a r t i c i p a t i o n  o f  a c t iv e  oxygen s p e c ie s  i n  th e  

damage (M erkel e t  a l . f 1972; I t o ,  1978; K earns, 1979; Peak e]± aJL., 

1985b). In  a  100 p e r  c e n t D^O environm ent, Peak e t  j l . ,  (1985) 

showed in c re a s e d  D N A -protein c r o s s l in k s  in d u ced  by 405 nm r a d i a t i o n ,  

m easured i n  human c e l l u l a r  DNA by a lk a l in e  e l u t i o n  te c h n iq u e s .  

However, no d i r e c t  e v id e n c e  i s  a v a i la b le  f o r  th e  a b i l i t y  o f ^02 to
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b reak  DNA or cause c r o s s l in k s ,  and i t  cou ld  be t h a t  a n o th e r  oxygen 

s p e c ie s  m ig h t be r e s p o n s ib le  f o r  th e  e f f e c t .

3 .2 .2  Super ox ide  io n  (O p

The su p e ro x id e  io n  i s  g e n e ra te d  by many sp on taneous and

enzym atic  r e a c t io n s  d u r in g  c e l l u l a r  m etabo lism , and i t s  p ro d u c tio n

i s  assum ed i n  a l l  r e s p i r i n g  c e l l s  (F r id o v ic h , 1975). I t s  s te a d y

—11s t a t e  c o n c e n tra t io n  i n  m ito c h o n d r ia  i s  e s t im a te d  to  be ab o u t 10 

(Freem an, 1984). I t  does n o t d i f f u s e  th ro u g h  n o n -p o la r

m icroenv ironm en ts  o f  a  c e l l  because o f i t s  charged  n a tu re  and , 

a lth o u g h  i t  i s  s t a b l e  i n  o rg a n ic  s o lu t io n s ,  i n  aqueous s o lu t io n s  i t  

undergoes d is m u ta tio n  r e a c t io n s  to  produce hydrogen  p e ro x id e  and 

oxygen: R ate  c o n s ta n ts  o f  r e a c t io n s

H02 + H°2 >H2°2 + °2 7 ,6  X 1° 5 M” 1s” 1

H02 + °2 + H+ >H2°2 + °2 8 ,5  X 1°7 M~ 1s~ 1

r e p re s e n te d  o v e r a l l  by:

O j + 0£ + 2H+----->H202 + 02 < 100 M"1 s~ 1

There i s  g r e a t  c o n tro v e rsy  over th e  b io lo g ic a l  im portance  o f 

th e  su p ero x id e  io n  s in c e  i t  i s  s a id  to  be to o  u n re a c t iv e  w ith  th e  

p ro b a b le  b io lo g ic a l  t a r g e t s  (Midden, 1985). However, i t  i s  a n

im p o rta n t m e d ia to r  o f t o x i c i t y  th rough  th e  p ro d u c tio n  o f  hyd ro x y l 

r a d i c a l s  i n  th e  p re sen ce  o f  m etal c a t a l y s t s  ( i r o n - c a ta ly s e d  

H aber-W eiss r e a c t io n  i n  F ig . 7) and p o s s ib ly  th rough  th e  p ro d u c tio n  

o f  s i n g l e t  oxygen by d is m u ta tio n  o r o th e r  r e a c t io n s  (Midden, 19 8 5 ).

R ecen tly , a pathway fo r  0* g e n e ra t io n  v i a  a  UV-type I I  

p h o to s e n s i t i z a t io n  by i n t r a c e l l u l a r  NADH and NADPH was su g g e s te d  by 

Cunningham afc j l .  (1985)» bu t ev en  a t  th e  m ost e n e r g e t ic  w av e len g th
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exam ined (290 nm) th e  m olar q u a n t i ty  o f 0* produced w as low ,

-8  —  p ro d u c in g  o n ly  4 x 10 m o lecu les  o f  0^ per pho ton  o f  in c id e n t

l i g h t .

3 .2 .3  Hydrogen p e ro x id e  (H2 02 )

C o n s id e ra b le  i n t e r e s t  h a s  r e c e n t ly  been  fo c u se d  on th e  to x ic

e f f e c t s  o f  hydrogen p e ro x id e  i n  r e l a t i o n  t o  th e  m echanism s by which

near-UV r a d i a t i o n  can  in d u ce  l e t h a l i t y .  The i n t e r e s t  o r ig in a te d

a f t e r  i t  was shown t h a t  near-UV i r r a d i a t i o n  o f  t i s s u e  c u l tu r e  medium

le a d s  to  th e  fo rm a tio n  o f  p h o to p ro d u c ts  t o x i c  t o  mammalian c e l l s

(S to ie n  and Wang, 1974 ). The p h o to a c tiv e  com ponents o f  th e  medium

r e s p o n s ib le  f o r  t h i s  e f f e c t  w ere i d e n t i f i e d  a s  L- try p to p h a n ,

r i b o f l a v i n  and L - ty ro s in e  (S to ie n  and Wang, 1974) and th e  to x ic

p h o to p ro d u c t form ed was hydrogen  p e ro x id e  (McCormick e t  a l . .  1976).

When s o lu t io n s  o f  L -try p to p h a n  and r i b o f l a v i n  i n  b u f f e r  w ere  exposed

to  near-UV r a d i a t i o n  i n  th e  p resen ce  o f  oxygen and su b se q u e n tly

added t o  b a c t e r i a l  (Yoakum and E is e n s ta r k ,  1972) o r  mammalian

(Hoffmann and M eneghini, 1979a) c e l l s ,  th ey  r e s u l t e d  i n  c e l l

i n a c t iv a t io n ,  in d i c a t in g  t h a t  th e  to x ic  p h o to p ro d u c t (hydrogen

p e ro x id e ) was s ta b l e  and lo n g - l iv e d .

A lthough hydrogen  p e ro x id e  i s  a  normal m e ta b o li te  i n  c e l l s ,

- 7  —9m a in ta in e d  a t  a  c o n c e n tr a t io n  o f  10 -10  y.M (Freem an, 1984),

e x c e ss  H2 02 h as  been  shown t o  be to x ic  t o  a  v a r i e t y  o f mammalian 

c e l l  l i n e s  in c lu d in g  human f i b r o b l a s t s  (Hoffmann and M eneghini, 

1979b). In  t h i s  s tu d y , 20^M H2 02 was a b le  to  k i l l  more th a n  95 per 

c e n t o f th e  c e l l s  a f t e r  a  30 m inute in c u b a t io n  a t  37 °C. Form ation  

o f s in g le - s t r a n d  b reak s  i n  th e  DNA o f  th e  c e l l s  w as shewn, th e  

numbers in c r e a s in g  w ith  in c r e a s in g  c o n c e n tr a t io n  o f  H2 02> However,

-30  -



i t  i s  d o u b tfu l w h e th e r th e s e  w ere  th e  l e s i o n s  le a d in g  to  l e t h a l i t y  

s in c e  e f f e c t i v e  r e p a i r  o f s in g le - s t r a n d  breakage was shewn to  ta k e  

p la c e . Hie o b s e rv a tio n  by th e  same w o rk ers  t h a t  no s in g le - s t r a n d  

b reak s  w ere form ed when p u r i f i e d  DNA was t r e a t e d  w ith  H^O' le d  to  

th e  c o n c lu s io n  t h a t  i t  w as n o t  i t s e l f  bu t a n o th e r  s p e c ie s ,

g e n e ra te d  i n t r a c e l l u l a r l y ,  t h a t  u l t im a te ly  e x e r t s  th e  damage to  th e  

DNA. Ward ejb a l .  (1985) su g g e s te d  t h a t  h ig h ly  r e a c t iv e  h y d ro x y l 

r a d i c a l s  a r e  form ed a s  a  r e s u l t  o f t r e a t i n g  mammalian c e l l s  w ith  

by im p u rity  m etal io n  r e d u c t io n  o f  th e  (F en to n  r e a c t i o n ) .

They n o ted  t h a t  and OH* produced by io n iz in g  r a d i a t i o n ,  r e s u l t

i n  a s im i la r  ran g e  o f l e s i o n s  i n  th e  DNA. To p ro v id e  ev id en ce  f o r

t h e i r  su g g e s tio n , th ey  exposed  V-79 c e l l s  f o r  10 m inu tes to  a t

0 -4 °C and m easured s in g l e - s t r a n d  b reak  fo rm a tio n  i n  c e l l u l a r  DNA. 

Based on th e  argum ent t h a t  tre a tm e n t co u ld  be r e l a t e d  to

io n iz in g  r a d i a t i o n  damage v i a  th e  number o f s in g le - s t r a n d  b reak s  

each  one in d u c e s , th ey  c la im ed  t h a t  th e  s in g le - s t r a n d  b reak s  

produced  by w ere i n e f f e c t i v e  i n  c a u s in g  c e l l  d e a th . In  f a c t ,

c o n c e n tra t io n s  o f  th r e e  o rd e r s  o f  m agnitude h ig h e r  had  to  be

used  to  cause s i g n i f i c a n t  c e l l  k i l l i n g .  They concluded  t h a t  th e  

mechanism by which h ig h e r  c o n c e n tr a t io n s  o f  c e l l s  a t  0°C

i s  unknown and may n o t even  in c lu d e  DNA a s  th e  t a r g e t .  However, i t

sh o u ld  be n o te d  t h a t  th e  c o n c e n tra t io n  o f  a t  w hich c e l l
ii

l e t h a l i t y  became a p p a re n t i n  t h e i r  ex p e rim en ts  was " 8  x 10 |^M, 

5 ,400  tim es  g r e a t e r  th a n  t h a t  r e p o r te d  by Hoffmann and M eneghini, 

b u t th e  a u th o rs  b e l ie v e d  t h i s  w as due to  th e  te m p e ra tu re  o f t h e i r  10 

m inute tre a tm e n t a t  0°C a s  opposed  to  37°C f o r  30 m in u tes , w hich was 

used  i n  th e  o th e r  s tu d y . B rad ley  and E r ic k so n  (1 9 8 1 ), a ls o  i n

se a rc h  o f  a  common a c t i v e  s p e c ie s  g e n e ra te d  by and X -ray s,



r e p o r te d  th e  e f f i c i e n t  r e p a i r  o f th e  s in g le - s t r a n d  b reak s  form ed i n  

th e  DNA o f  C hinese H am ster V-79 c e l l s .  T h e ir  s u rv iv a l  shewed t h a t  

an  in te rm e d ia ry  500 was r e q u ir e d  to  k i l l  90 p e r c e n t o f th e

c e l l s ,  b u t i n t e r e s t i n g l y ,  thqy  d id  n o t o b se rv e  a sh o u ld e r  i n  th e  

s u rv iv a l  and su g g e s te d  t h a t  l e t h a l i t y  may o ccu r th rough  a  non-DNA

le s i o n .  They a ls o  d id  n o t s p e c ify  th e  d e t a i l s  o f  t h e i r  tre a tm e n t

p ro ced u re  so i t  i s  d i f f i c u l t  to  draw f u r th e r  c o n c lu s io n s  ab o u t th e  

te m p e ra tu re  dependency r e p o r te d  by Ward e t  a l.. (1 9 8 5 ).

In  summary, th e  above s tu d ie s  i n d i c a te  t h a t  H202 g e n e ra te s

i n t r a c e l l u l a r l y  a  more a c t i v e  s p e c ie s ,  p o s s ib ly  OH*, which r e s u l t s  i n

l e t h a l i t y .  The l e s i o n  m easured , , i . . e . , s in g le - s t r a n d  b reak

fo rm a tio n , does n o t ap p e a r to  e f f e c t  l e t h a l i t y  and i s  e f f i c i e n t l y  

r e p a i r e d .  T h e re fo re , a n o th e r  DNA o r non-DNA le s i o n  a p p e a rs  t o  be 

r e s p o n s ib le  f o r  l e t h a l i t y .

The above c o n c lu s io n s  a r e  c o n s is te n t  w ith  w hat i s  a l re a d y  

known ab o u t near-UV l e t h a l i t y ,  and i t  h a s  been  proposed  t h a t  damage 

by th e  two a g e n ts  may o ccu r th rough  a  s im i la r  pathw ay. Evidence fo r  

t h i s  came when J2. c o l i  s t r a i n s  h y p e r s e n s i t iv e  to  H202 (Demple efc 

a l .  f 1983) w ere found  to  be s e n s i t i v e  to  b ro ad -sp ec tru m  n ear UV a s  

w e ll (Sammartano and Tuveson, 1983). P re tre a tm e n t o f E. c o l i  w ith  

s u b le th a l  d o ses  o f  H2 02 has  been  shown to  in d u ce  r e s i s t a n c e  to  

b ro ad -sp ec tru m  near-UV damage (Sammartano and Tuveson, 1985), to  

f u r th e r  H2 ®2 damage ( T y r r e l l ,  1985) and to  io n iz in g  r a d i a t i o n  

(Demple and H albrook , 1 9 63 ). I t  i s  th o u g h t t h a t  e i t h e r  a  s p e c i f i c  

pathway o f r e p a i r  o f o x id a t iv e  DNA damage i s  in d u ced  (Demple and 

H albrook , 1983) o r  t h a t  t r a n s i e n t  enhancem ent o f c a ta la s e  in d u c ed  by 

one o f th e  a g e n ts  a l lo w s  scav en g in g  o f  th e  H2 02 formed su b se q u e n tly  

by th e  o th e r  a g e n t ( T y r r e l l ,  1985).
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3 .2 .4  H vdroxvl r a d i c a l s  (OH*)

H ydroxyl r a d i c a l s  a r e  ex trem ely  r e a c t iv e  w ith  a lm ost e v e ry  

type o f m o lecu le  found i n  l i v i n g  c e l l s  (su g a r , amino a c id s ,  

p h o sp h o lip id s  and n u c le o t id e s ,  amongst o th e rs )  w ith  r a t e  c o n s ta n ts
D 4r)  —1 « .1

o f  th e  o rd e r  o f 10 -10  M~ s~ . I f  they  a re  form ed, th e r e f o r e ,  i n  

l i v i n g  sy stem s th e y  r e a c t  im m ed ia te ly  w ith  w hatever b io lo g ic a l  

m o lecu le  i s  i n  t h e i r  v i c i n i t y  and i t  h a s  been proposed t h a t  they  a r e  

th e  u l t im a te  oxygen s p e c ie s  w hich  form s l e t h a l  l e s io n s  i n  th e  DNA 

a f t e r  a  v a r i e ty  o f tr e a tm e n ts .

3 .3  A n tio x id a n t d e fe n se  m echanism s

E la b o ra te  d e fen se  sy stem s have evo lved  to  a v o id  c e l l u l a r  

damage from  h ig h ly  r e a c t iv e  oxygen s p e c ie s .  The c o n c e n tra t io n  o f  

th e se  s p e c ie s  in c r e a s e s  i n  re sp o n se  to  en v ironm en ta l s t r e s s e s  such 

a s  ex p o su re  to  io n iz in g  and UV r a d ia t io n ,  h y p ero x ia , or d u r in g  d ru g  

m etabo lism . There i s  a  m u tu a lly  su p p o r tiv e  group o f  enzymes such a s  

su p ero x id e  d ism u ta se s  (SOD), c a ta la s e s  and g lu ta th io n e  

p e ro x id a s e s / r e d u c ta s e s  w hich remove d e s t r u c t iv e  oxygen s p e c ie s  i n  

th e  fo llo w in g  way:

S uperox ide  d ism u ta se s  c a t a l y t i c a l l y  scavenge th e  su p e ro x id e  

io n  by enhanc ing  th e  r a t e  o f  th e  d ism u ta tio n  r e a c t io n :

0 |  + + 2H+----- >H2 02 + 02

The r e s u l t a n t  hydrogen  p e ro x id e  i s  th e n  e i t h e r  removed by c a t a l a s e s  

w hich c a ta ly s e  th e  r e a c t io n :

2 H2 02-----> 2 H2 0 + 02

or by p e ro x id a se s  w hich b r in g  ab o u t th e  g e n e ra l r e a c t io n :

SH2 + H2°2  > s  + 2 H2 °

i n  w hich SH2 i s  a su b s ta n c e  t h a t  becomes o x id iz e d .
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A d d itio n a l p r o te c t io n  i s  p ro v id ed  by c o n ju g a te d  d ien e  sy stem s 

such a s  th o se  found  i n  m e la n in s , c a ro te n o id s  and to c o p h e ro ls  t h a t  

quench r e a c t iv e  s p e c ie s  and s to p  d e s t r u c t iv e  r e a c t io n s .  F in a l ly ,  

th e r e  a r e  in d iv id u a l  re d u c in g  m o lecu le s  such a s  su lp h y d ry l 

compounds, p h en o ls , p u r in e s ,  se len ium , a s c o rb ic  a c id  and o th e r s  

w hich have a n  a n t i  o x id a n t r o l e  i n  th e  c e l l .

A lthough each  o f th e  a n t io x id a n t  enzymes i s  c o n s id e re d  to  

perform  v i t a l  p r o te c t iv e  r e a c t io n s  i n  th e  c e l l ,  when i n  a  g e n e t ic  

d is o rd e r  one enzyme i s  com ple te ly  m iss in g  such a s  i n  

g lu t a th i o n e - d e f i c i e n t  p a t i e n t s  o r  a c a ta la se m ic  in d iv id u a l s ,  t h i s  i s  

n o t d e t r im e n ta l  fo r  th e  c e l l* s ,  and c o n se q u e n tly , th e  i n d i v i d u a l 's  

s u r v iv a l .  I t  i s  c o n s id e re d  t h a t  some com pensatory in d u c t io n  o f  

a n o th e r  d e fen se  system  o c c u rs  b u t a t te m p ts  to  f in d  in c re a s e d  l e v e l s  

o f  th e  re m a in in g  a n t io x id a n t  enzymes have been u n su c c e s s fu l 

(M arklund _e£ a l . , 1 9 84a). N egative  r e s u l t s  have a l s o  been  o b ta in e d  

when t r y i n g  to  c o r r e l a t e  enzym atic  a c t i v i t i e s  w ith  re s p o n s e s  o f  

human c e l l s  to  en v iro n m en ta l s t r e s s e s  . I . e .  io n iz in g  r a d i a t i o n  

(M arklund a l . 1984b) which in d i c a te  t h a t  th e  mechanism s by w hich 

th e  c e l l  re sp o n d s  to  o x id a t iv e  damage a r e  l a r g e ly  unknown a t  

p r e s e n t .

Exogenous a d d i t io n  o f  th e se  enzymes h a s  a l s o  y ie ld e d  

c o n t r a d ic to r y  r e s u l t s  depend ing  on w hat b io lo g ic a l  system  i s  

in v e s t ig a t e d ,  w hat ty p e  o f  o x id a t iv e  s t r e s s  i t  i s  c h a lle n g e d  w ith  

and w hat e n d p o in t i s  fo llo w e d . Exogenous SOD h a s  been shown to  

p r o te c t  mycoplasma c e l l s  from  gamma- r a d ia t io n - in d u c e d  l e t h a l i t y  

(P e tk a u  and  C helack , 1974 ) and b a c t e r i a l  c e l l s  from  p h o to s e n s i t iz e d  

UV- r a d i a t i o n  (L a v e lle  efc a l . . , 1973) b u t endogenous in d u c t io n  o f  an 

e le v a te d  enzyme l e v e l  i n  E. c o l i . (G oskin  and F r id o v ic h , 1973) d id
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n o t le a d  to  enhanced  s u r v iv a l  a g a in s t  I o n iz in g  r a d i a t i o n .  

C o n f l ic t in g  e x p e rim e n ta l ev id en ce  a l s o  e x i s t s  f o r  th e  e f f e c t s  o f  

exogenous c a ta la s e  a d d i t io n .  In  a  b a c t e r i a l  system  (Sammartano and 

Tuveson, 1984), 10 fg /m l c a ta la s e  i n  th e  p o s t - i r r a d i a t i o n  medium

pro v id ed  p r o te c t io n  f o r  E. c o l i  c e l l s  t o  i n a c t iv a t io n  by near-UV 

i r r a d i a t i o n .  Hew e v e r , when c a ta la s e  was p re s e n t  d u rin g  b ro ad -b an d  

near-UV i r r a d i a t i o n  o f  human f i b r o b l a s t s ,  i t  d id  n o t a l t e r  t h e i r  

s e n s i t i v i t y ,  even though i t  red u ce d  th e  number o f s in g le - s t r a n d  

b reak s  d e te c te d  i n  th e  DNA o f th e  c e l l s  (Roza e& a L . , 1985).

3 .3 .1  V itam in  E

A s in g le  m o lecu le  w hich h a s  a t t r a c t e d  c o n s id e ra b le  a t t e n t i o n  

i n  i t s  a n t io x id a n t  r o l e  i s  v i ta m in  E, o r a lp h a - to c o p h e ro l .  Due to  

i t s  l i p o p h i l i c i t y ,  i t  p a r t i t i o n s  i n t o  membranes w here i t  i s  i n  c lo se  

p ro x im ity  to  th e  u n s a tu r a te d  c h a in s  o f  l i p i d s  to  e x e r t  bo th  a  

s t r u c t u r a l  s t a b i l i z i n g  a c t io n  and i n h i b i t i o n  o f  l i p i d  p e ro x id a t io n  

(F ig u re s  8 , 9 ) .

L ip id  p e ro x id a t io n  r e a c t io n s  may a r i s e  from both  s i n g l e t  

oxygen and h y d ro x y l r a d i c a l s  d i r e c t l y  a t ta c k in g  p o ly u n s a tu ra te d  

f a t t y  a c id s  to  g iv e  h y d ro p e ro x id e s  o r  fa rm in g  o th e r  f r e e  r a d i c a l s  

w hich may i n i t i a t e  a  c h a in  o f  r e a c t io n s  le a d in g  a g a in  t o  

h y d ro p e ro x id e s , a s  shown i n  F ig u re  9* Such changes a r e  known to  

le a d  to  membrane damage and  a r e  under in v e s t i g a t io n  a s  a  p o s s ib le  

pathway o f near-UV r a d i a t i o n  in d u ced  damage.

T erm in a tio n  o f  l i p i d  p e ro x id a t io n  r e a c t io n s  i s  th e  p rim ary  

fu n c t io n  a s c r ib e d  to  v i ta m in  E, which does so , by r e a c t in g  w ith  th e  

a lk y l  peroxy r a d i c a l s  form ed (se e  F ig . 9) i t s e l f  fo rm ing  a 

to c o p h e ry l r a d i c a l .  Hae r a t e  c o n s ta n ts  o f  th e  r e a c t io n  a r e  o f th e
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V ita m in  E P ro te in  m o le c u le s  ( in tr in s ic )

P o s s ib le  i n t e r a c t i o n  between v i ta m in  E and membrane membrane
p h o sp h o lip id s  through hydrophobic and hydrogen bondings

F ig u re  8 . The s t r u c t u r e  of v i ta m in  E, the  s t r u c t u r e  of a phospho lip id  and t h e i r  p o s s ib le  i n t e r a c t i o n  
i n  membranes.
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F ig u re  9 . I n i t i a t i o n  and p ro p a g a tio n  r e a c t io n s  o f  l i p i d  p e ro x id a t io n  r e s u l t i n g  to  h y d ro p e ro x id e  fo rm a tio n . 
V itam in  E can  s to p  th e  p ro p a g a tio n  s te p ,  by r e a c t in g  w ith  a lk y l  peroxy r a d i c a l s ,  fo rm ing  i t s e l f  th e  to c o p h e ry l 
r a d ic a l  w hich can  be r e g e n e ra te d  by v ita m in  C.



7 - 1  -1o rd e r  o f 10 M s  (B isby  e t  . a l . , 1984). The to c o p h e ry l r a d ic a l  th e n  

r e a c t s  w ith  v i ta m in  C a c c o rd in g  to  th e  o r ig in a l  Tappel (1968) 

p ro p o sa l and r e g e n e ra te s  v i ta m in  E. D ire c t  ev id en ce  f o r  t h i s

r a d ic a l  i n t e r a c t i o n  h a s  been p ro v id ed  i n  o rg a n ic  s o lv e n ts  by p u lse  

r a d i o l y s i s  s tu d ie s  (P ack er e t  a l . ,  1979) and i n  model sy stem s w here 

v ita m in  E i s  i n  a  l i p i d  env ironm ent and v ita m in  Q i n  an  aqueous one 

(S carp a  e t  a l .  f 1984; Doba .e t a l . , 1985).

A d d itio n a l fu n c t io n s  o f  v i ta m in  E ap p ea r to  be a l s o  th e  

scav en g in g  o f  r a d i c a l s  in v o lv e d  i n  th e  i n i t i a t i o n  o f  l i p i d

p e ro x id a tio n ,  such a s  s i n g l e t  oxygen (Grams and E sk in s , 1972; F o o te , 

e£ A l . f  1974) and su p e ro x id e  a n io n  (Y agi .e t a l . , 1978; Ozawa and 

H anaki, 1985) and th e  r e p a i r  o f f r e e  r a d i c a l  s i t e s  on membrane bound 

p r o te in s  o x id iz e d  by c e l l u l a r  f r e e  r a d ic a l  p ro c e s s e s  (B isby  e t  a l . .  

1984).

Such a  m u l t i p l i c i t y  o f fu n c t io n s  i s  th o u g h t to  be due to  t h e  

s t r u c t u r e  o f v i ta m in  E w hich a llo w s  i t  to  assum e a  p a r t i c u l a r  

o r i e n t a t i o n  w i th in  th e  membrane b i l a y e r .  A lp h a-to c o p h ero l w ould be 

e x p e c te d  to  a l i g n  i t s  a lk y l  c h a in  w ith  th e  f a t t y - a c i d  c h a in s  o f  th e  

l i p i d  m o le c u le s  tow ards th e  h y d rophob ic  b i l a y e r  i n t e r i o r  k eep in g  th e  

hyd ro x y l group a t  th e  membrane aqueous i n t e r f a c e .  I h i s  a lig n m e n t, 

a s s i s t e d  by s p e c i f i c  i n t e r a c t i o n s  o f  a lp h a - to c o p h e ro l w ith  th e

l i p i d s  th ro u g h  h y d rophob ic  b in d in g  (D ip lo ck  and Lucy, 1973) and 

th ro u g h  hydrogen  bonding  (S  r i v a s t a v a  jafc a l . , 1983) would r e s u l t  i n  

p h ysicochem ical s t a b i l i z a t i o n  o f  th e  membrane w hich h a s  been

o b se rv ed  bo th  i n  model (OhyashikL e£ a l . ,  1986) and n a tu r a l

membranes (ly so so m a l, sa rc o p la sm ic  re t ic u lu m , e r y th r o c y te ) ,  ( J a in ,  

1983; E r in  e t  a l . ,  1984). T h e re fo re , th e  a b i l i t y  of v i ta m in  E to  

a l t e r  th e  p h y s ic a l s t a t e  o f membranes, r e c e n t ly  d e s c r ib e d  a s  a
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d e c re a se  o f membrane f l u i d i t y  (OhyashildL e t  a l . , 1986), can be 

c o n s id e re d  a s  an  i n t e g r a l  p a r t  o f i t s  a n t io x id a n t  a c t i v i t y .

At th e  c e l l u l a r  l e v e l ,  v ita m in  E h as  been  shown to  a llo w  c e l l s  

to  s u rv iv e  b e t t e r  under s e v e ra l  en v iro n m en ta l s t r e s s  c o n d i t io n s  

w hich cause damage to  th e  membrane l i p i d s  and d is r u p t io n  o f  th e  

membrane o rg a n iz a t io n .  C u ltu re d  c e l l s  a r e  q u i t e  d e f i c i e n t  i n  

v i ta m in  E s in c e  t h e i r  on ly  so u rce  i s  a n  ap p ro x im a te ly  1\*g/ml p re s e n t  

i n  th e  f o e t a l  c a l f  serum w hich su pp lem en ts  t h e i r  grow th medium j i . e .  

te n  tim e s  l e s s  th a n  th e  normal v ita m in  E plasm a c o n c e n tr a t io n  o f  10 

t*g/mL. Due to  t h i s  d e f ic ie n c y ,  when v i ta m in  E was b lended  i n  th e  

grow th medium of WI-38 human c e l l s  a t  a  c o n c e n tr a t io n  o f  10 and 100 

^g/mL, i t  in c re a s e d  t h e i r  i n  v i t r o  l i f e  span  by a lm o st tw o -fo ld . 

However, t h i s  e f f e c t  proved to  be a s s o c ia te d  w ith  a  p a r t i c u l a r  b a tch  

o f serum s in c e  change o f serum made c e l l  d iv i s io n  cease  and th e  

o b s e rv a tio n  co u ld  n o t be r e p e a te d  w ith  a n o th e r  b a tc h  o f serum 

(P ack er and Sm ith , 1974 ). In  th e  same s tu d y , v ita m in  E 

su p p lem en ta tio n  i n  th e  medium was shown to  e f f e c t i v e l y  p re v e n t th e  

o x id a t io n  o f  WI-38 c e l l  l i p i d s  a s  m easured by m alond ia ldehyde  

fo rm a tio n . When WI-38 c e l l s  w ere  exposed t o  v a r io u s  oxygen 

te n s io n s ,  p a r t i a l  p r o te c t io n  was a f fo rd e d  by th e  p resen ce  o f 100 

^.g/ml d l- a lp h a - to c o p h e ro l  i n  th e  medium f o r  oxygen te n s io n s  up t o  50 

p e r c e n t (P ack er, 1978).

Complete p r o te c t io n  from r ib o l a v in  p h o to s e n s i t iz e d  damage was 

o b ta in e d  i f  100 jAg/ml o f v i ta m in  E was p re s e n t  d u r in g  grow th p r io r  

to  ex p o su re  o f th e  WI-38 c e l l s  to  a v i s i b l e  l i g h t  dose s u f f i c i e n t  to  

k i l l  about 50 p e r  c e n t o f th e  c o n tro l  c e l l s  ( P e r e i r a  e£ a l . . , 1 9 76 ). 

However, l i p i d  p e ro x id a t io n  p ro d u c ts  co u ld  n o t be d e te c te d  a s
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t h i o b a r b i t u r i c  a c i d - r e a c t in g  m a te r ia l ,  perhaps due to  th e  s h o r t  

l i f e t i m e  o f m easu rab le  s p e c ie s .

4 .  SQLAB-UV EFFECTS ON HUNAN SON

I t  h a s  been  w e ll  e s ta b l i s h e d  t h a t  a  number o f s k in  c o n d i t io n s  

( in c lu d in g  s k in  c a n c e r)  a r e  a  consequence o f exposu re  to  t h e  UV 

p o r t io n  o f  th e  s o la r  spectrum  re a c h in g  th e  e a r th  ( s e e  re v ie w s  by

Blum, 1959; B lack  and Chan, 1977; Urbach e£ a l . ,  1974). When t r y in g

to  view  th e  s u b je c t  a s  a  w hole , th e r e  a r e  trem endous d i f f i c u l t i e s

r e l a t e d  to  th e  p o ly c h ro m a tic  n a tu re  o f s u n l ig h t ,  th e  a n a to m ic a l

com plex ity  o f th e  s k in  and th e  m u l t i p l i c i t y  o f e f f e c t s  a r i s i n g  from 

th e  i n t e r a c t i o n .

P h y s ic a l and b io lo g ic a l  i n t e r a c t io n s  may occur betw een 

d i f f e r e n t  s p e c t r a l  r e g io n s  o f  s o la r  UV because l i g h t  from  one r e g io n  

may augment o r i n h i b i t ,  e i t h e r  d i r e c t l y  or th rough  a  b io lo g ic a l  

e f f e c t ,  an  a c t io n  from  a n o th e r  r e g io n . Such w ave len g th  i n t e r a c t i o n s  

have a t t r a c t e d  c o n s id e ra b le  i n t e r e s t  r e c e n t ly  and s tu d ie s  w ith  v e ry  

i n t e r e s t i n g  r e s u l t s  have em erged (Ja g g e r , 1985).

When w hole s k in  i s  c o n s id e re d  a s  opposed to  in d iv id u a l  c e l l s ,  

d i f f i c u l t i e s  c o n ce rn in g  th e  a b s o rp t io n  o f  energy  a t  a  s p e c i f i c  s i t e  

and th e  m u l t ip le  env ironm ent o f c e l l s ,  a r i s e .  The s k in  i s  a  v e ry  

m e ta b o lic a l ly  a c t iv e  o rg an  c o n s is t in g  o f  an e p id e rm is  o f  about 

60-100 ^m th ic k n e s s  w here th e  p r in c ip a l  c e l l  ty p e s  found  a r e  

k e r a t in o c y te s  and m e la n o c y te s , and a n  u n d e r ly in g  d erm is  w here th e  

m ain c e l l  type  i s  th e  f i b r o b l a s t .  In  t h i s  la y e r  w hich ra n g e s  from

0 .3 -3 .0  mm in  th ic k n e s s ,  f i b r o b l a s t  c e l l s  l i e  i n  ground su b s ta n c e  

composed o f  c o l la g e n  and e l a s t i n ,  se rv ed  by c a p i l l a r y  b lood  su p p ly .
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Depending on th e  in c id e n t  w av e le n g th , on ly  a  p o r t io n  o f  th e  

r a d i a t i o n  can  p e n e t r a te  to  v a r io u s  d e p th s  th ro u g h  th e  e p id e rm is  to  

e x e r t  i t s  e f f e c t s ,  th e  l e a s t  e n e r g e t ic  w av e le n g th s  b e in g  th e  m ost 

p e n e t r a t in g .  At th e  s i t e  o f a c t io n ,  th e  ab so rb ed  pho tons may a c t  on 

th e  DNA o f  th e  c e l l s  p ro d u c in g  l e s i o n s  such a s  th o se  d e s c r ib e d  

p re v io u s ly .  W avelengths o f  250-320 nn w ere shown t o  be e f f e c t i v e  

i n  in d u c in g  dim er fo rm a tio n  i n  mammalian s k in  (P a th ak  e t  a l . , 1972) 

and a  r e c e n t  a c t io n  spec trum  c o n s tru c te d  by Freeman e l  a l .  (1986) 

e x h ib i te d  a  maximum a t  296 nm. The ab so rb ed  p ho tons  may a ls o  a c t  on 

d i f f e r e n t  s i t e s  p ro d u c in g  e i t h e r  d i r e c t  damage to  th e  t a r g e t  o r 

in d u c in g  th e  p ro d u c tio n  o f  s u b s ta n c e s  t h a t  a r e  d e tr im e n ta l  to  th e  

c e l l .  For exam ple, some ev id en ce  su g g e s te d  f r e e - r a d i c a l  invo lvem en t 

i n  UV-m ediated cu tan eo u s  damage th ro u g h  th e  fo rm a tio n  o f  c h o le s te r o l  

epox ide w hich i s  UV-dose dependen t (B lack , 1986). DeLeo e l  a l . 

(1964) r e p o r te d  th e  r e l e a s e  o f a ra c h id o n ic  a c id  m e ta b o l i te s  from  

k e ra t in o c y te  membranes i n  a  d o se -d ep en d en t f a s h io n  fo llo w in g  

b road -band  270-360 nm i r r a d i a t i o n  w ith  60 p e r  c e n t o f th e  o u tp u t 

betw een 290 and 320 nm. The p o te n t ia l  im portance o f ly so so m es, 

w hich a re  o r g a n e l le s  c o n ta in in g  a w ide ran g e  o f l y t i c  enzym es, has 

a l s o  been c o n s id e re d  (Jo h n so n  and D a n ie ls ,  1969; Weissman and 

D in g le , 1961; D a n ie ls , 1963) and p ro d u c ts  o f  l i p i d  p e ro x id a t io n  

(M aiond ialdehyde , S c h i f f ’ s  b a s e s )  have a l s o  been  d e te c te d  fo llo w in g  

b road -band  (250-400 nn) i r r a d i a t i o n  o f  w hole s k in  (M e ffe r t e l  a l . , 

1976). However, ev id en ce  i s  s t i l l  in c o n c lu s iv e ,  and i t  w ould be v e ry  

d i f f i c u l t  to  a t te m p t t o  propose a s in g le  model fo r  

u l t r a v io l e t - in d u c e d  cu tan eo u s  damage.

One p o s s ib le  approach  to  e lu c id a t e  such mechanism s o f  damage 

m igh t be to  i n v e s t ig a t e  a  d is e a s e  c o n d i t io n  based  on a  c e l l u l a r
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s e n s i t i v i t y  to  U V -ra d ia tio n . R esearch  i n t o  th e  g e n e t ic  c o n d i t io n  

xeroderm a pigmentosum w hich  shews ex trem e s e n s i t i v i t y  to  far-UV 

w a v e le n g th s , le d  to  new d is c o v e r ie s  i n  th e  f i e l d  o f  DNA r e p a i r .  

S ince  th e  d is e a s e  i s  c h a r a c te r iz e d  by a  m arked p r e d i s p o s i t io n  o f  

p a t i e n t s  t o  dev e lo p  s k in  c a n c e rs  a f t e r  exposu re  to  s u n l ig h t ,  i t  

p ro v id ed  a  l i n k  betw een a  p a r t i c u l a r  enzym atic  d e f e c t  i n  DNA r e p a i r  

and tu m o u r ig e n ic ity  (C le a v e r  and Bootsma, 1975). C o n s id e rab le  

e f f o r t  h a s  been made to  i d e n t i f y  an an a lag o u s  model to  s e rv e  a s  a 

probe to  near-UV mechanisms o f  damage.

4 .1  A c tin ic  R e t ic u lo id  (AR)

A c tin ic  r e t i c u l o i d  i s  a  p h o to d e rm a to s is , c h a r a c te r iz e d  by s k in  

s e n s i t i v i t y  to  s o la r  UV, and p a r t  o f th e  v i s i b l e  spec trum . I t  

p r in c ip a l ly  a f f e c t s  exposed  s k in  a r e a s  o f  m idd le  aged  o r  e ld e r ly  men 

w hich a c q u ire  e ry th e m a to -p ap u l o - v e s ic u la r  l e s i o n s ,  som etim es w ith  

p la q u e s  re se m b lin g  s k in  r e t i c u l o s i s  ( Iv e  e t  a l . . , 1 9 69 ).

Evidence f o r  a  c e l l u l a r  d e fe c t  u n d e r ly in g  th e  d is e a s e  

c o n d i t io n  came from  th e  s tu d ie s  by G ia n n e l l i  .e t a l.. (1963) and 

B otcherby  .efe a l . (1 9 8 4 ). They observ ed  g ro s s  c y to p a th ic  changes and 

abnorm al DNA f ra g m e n ta t io n  when a c t i n i c  r e t i c u l o i d  c e l l s  w ere  

i r r a d i a t e d  a s  a c o n f lu e n t m onolayer w ith  b ro ad -b an d  near-UV , a t  

room te m p e ra tu re , in  f u l l  medium. S ince a s t r i k i n g  f e a t u r e  o f  th e  

h is to p a th o lo g y  o f a c t i n i c  r e t i c u l o i d  i s  an  in c re a s e d  number o f  

le u k o c y t ic  i n f i l t r a t e s  a t  th e  s i t e  o f in flam m atio n  i t  was p roposed  

t h a t  th e  s e n s i t i v i t y  o f AR c e l l s  m igh t be due to  a d e f e c t  i n  t h e i r  

a b i l i t y  to  d ea l w ith  th e  a c t i o n  o f  r a d i c a l s  such a s  th e  su p ero x id e  

a n io n  w hich w ould be p re s e n t  i n  th e  le u k o c y t ic  i n f i l t r a t e s .
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5 . SCOPE OF PRESENT WORE

T h is  s tu d y  was d es ig n ed  to  in v e s t ig a t e  near-U V -induced  damage 

u s in g  a c t i n i c  r e t i c u l o i d  c e l l s  a s  a  p o s s ib le  s e n s i t i v e  m odel. 

D uring  s tu d ie s  t o  d e f in e  t h i s  s e n s i t i v i t y  to  m onochrom atic l i g h t  

under c o n t ro l le d  c o n d i t io n s  o f  i r r a d i a t i o n ,  i t  w as found t h a t  

te m p e ra tu re  s i g n i f i c a n t l y  a l t e r s  th e  re sp o n se  o f bo th  normal and 

a c t i n i c  r e t i c u l o i d  c e l l s  to  i r r a d i a t i o n .  The f i r s t  c h a p te r  d e a l s  

w ith  t h i s  e f f e c t  on norm al c e l l s  a t  s p e c i f i c  m onochrom atic 

w a v e le n g th s . The second c h a p te r  th e n  d e s c r ib e s  th e  a c t i n i c

r e t i c u l o i d  s e n s i t i v i t y  w h ile  th e  t h i r d  and f o u r th  examine th e  

p r o te c t iv e  e f f e c t  o f a  v i ta m in  E analogue w hich a c t s  a s  a n  

a n t io x id a n t  and th e  s e n s i t i z i n g  e f f e c t  o f  deu teriu m  ox ide w hich 

p ro lo n g s  th e  l i f e t i m e  o f s i n g l e t  oxygen and o th e r  oxygen s p e c ie s .  

F in a l ly ,  th e  l a s t  c h a p te r  i s  concerned  w ith  th e  p o s s ib le  membrane 

damage in d u ced  by U V -ra d ia tio n  i n  bo th  normal and AR c e l l s .
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M A T E R I A L S A N D  M E T H O D S



1 . GROWTH OF HUMAH SKIH FIBROBLASTS IH CULTURE

1 .1  Equipment

1 .1 .1  Laminar Flow F a c i l i t i e s

A 1 .3  m, v e r t i c a l  d isp la cem e n t ty p e , C la ss  I  b io lo g ic a l  s a f e ty  

c a b in e t ,  M icroflcw  Model No. 20229 (MDH L t d . ,  Andover) was u sed  f o r  

a s e p t i c  m a n ip u la tio n s . A ll th e  s u r f a c e s  o f  th e  hood w ere swabbed 

w ith  70 p e r  c e n t a lc o h o l b e fo re  u se .

1 .1 .2  In c u b a to rs

LEEC PF2 a n h y d ric  in c u b a to r s  w ith  fo rc e d  a i r  c i r c u l a t i o n

(L ab o ra to ry  and E l e c t r i c a l  E n g in ee rin g  Company, N ottingham ) w ere 

u sed . The th e rm o s ta t ic  c o n t r o l s  w ere  a d ju s te d  to  m a in ta in  a

te m p e ra tu re  o f 37°C.

1 .1 .4  Bench C e n tr ifu g e

C e n tr i fu g a t io n s  w ere  c a r r i e d  o u t i n  a  MSE M inor, Model No.

S-61 (MSE S c i e n t i f i c  In s tru m e n ts ,  Crawley) bench c e n t r i f u g e .

1 .1 .4  F re e z in g  U n it

F re e z in g  o f  c e l l s  to o k  p la c e  i n  a Union C arb ide BF-6

b io lo g ic a l  f r e e z e r  (U nion C arb ide UK L t d . ,  C le v e la n d ) , a p lu g  ty p e

d e v ic e , d es ig n ed  fo r  use w ith  th e  LR-33-10 f r e e z e r .  T h is  u n i t  i s
o

ca p a b le  o f c o o lin g  up to  e ig h t  2 ml am poules a t  betw een 0 .5  C and 

7°C min”  ̂ to  below -70°C .
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1 .1 .5  L iq u id  N itro g e n  F re e z e r

S tock  c u l tu r e s  o f  c e l l s  w ere s to re d  i n  2 ml am poules i n  a  Union 

C arb ide  model no. LR-40 (U nion C arb ide UK L td .)  sh e lv e d  i n  th e  vapour 

phase o f th e  l i q u i d  N2 a t  ap p ro x im a te ly  -148°C .

1 .1 .6  Haemocvtometer

S tan d a rd  d o u b le  g r id  im proved N eubauer-type b lood  c e l l  

haem ocytom eter, w ith  c o v e r s l ip s  (F iso n s  L t d . , Loughborough) were 

used  f o r  c e l l  c o u n tin g .

1 .1 .7  M icroscope

For th e  e x am in a tio n  o f  grow ing c e l l  c u l tu r e s  under phase 

c o n t r a s t  and f o r  haem ocytom eter co u n tin g  a n  in v e r te d  b io lo g ic a l  

m icroscope W ild M40 (W ild H eerbrugg L t d . , H eerbrugg, S w itz e rla n d )  

was em ployed. T h is  in s tru m e n t f i t t e d  w ith  a p p ro p r ia te  co n d en se rs  

and X10 and X20 o b je c t iv e s  g iv e s  m a g n if ic a tio n s  o f  X187 and X375, 

r e s p e c t iv e ly .

1 .1 .8  A utom atic P ip e t t e s  

P ipetm an P50 1-50 yJ.

P ipetm an P200 20-200 y l

Pipetm an P1000 200-1000 yl

Pipetm an P5000 1000-5000 y l

P ipetm an p i p e t t e s  w ith  t i p s  w ere o b ta in e d  from Anachem L t d . , 

L uton. A ll p i p e t t e s  w ere  checked to  e n su re  th e y  w ere d e l iv e r in g  

a c c u r a te ly  and re p ro d u c ib ly .  A g ra v im e tr ic  method was u sed  i n  w hich 

10 r e p l i c a t e s  o f  a  s e t  volum e o f w a te r  a t  20°C w ere each w eighed  on 

an  a n a l y t i c a l  b a la n c e . The c o e f f i c i e n t  o f v a r i a t i o n  was l e s s  th a n
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one per c e n t and th e  d e v ia t io n  from  th e  nom inal v a lu e  was l e s s  th a n

0 .5  per c e n t .

An a u to m a tic  P ip e tu s  (Flow L a b o ra to r ie s  L t d . , I r v in e ,S c o t la n d )  

w ith  a s t e r i l e  a i r  f i l t e r  i n  l i n e  w as used  i n  c o n ju n c tio n  w ith  10 ml 

d is p o s a b le  p ip e t t e s  ( S t e r i l i n ,  L td . ,  F eltham ) fo r  q u ic k e r  d is p e n s in g  

o f  m edia.

1 .1 .9  G lassw are  and R e c y c lin g  o f  G lassw are

125 ml and 500 ml b o t t l e s  f o r  th e  s to ra g e  o f s o lu t io n s  and  

m edia w ere o b ta in e d  w ith  cap s , from F lw  L a b o ra to r ie s  L td . G eneral 

la b o ra to r y  g la ssw a re  w as o b ta in e d  from F iso n s  L td .

Im m ediately  a f t e r  u se  a l l  g la ssw a re  was r in s e d  w ith  ta p  w a te r ,  

and p ro c e sse d  a s  fo l lo w s :

( i )  A ll a r t i c l e s  w ere  soaked i n  a  h an d -h o t 2 per c e n t v /v  

s o lu t io n  o f  RBS 25 d e te r g e n t  (F iso n s  L td .)  fo r  30 min.

( i i  ) T horoughly c le a n e d , u s in g  a China brush  on a l l  s u r f a c e s  

under ru n n in g  w a te r .

( i i i )  R insed  i n  th r e e  changes o f  ta p  w a te r , b e in g  l e f t  f o r  30 

min i n  th e  l a s t  r i n s e .

( iv )  F in a l ly ,  a l l  a r t i c l e s  w ere  r in s e d  and l e f t  f o r  a t  l e a s t  

30 min i n  a  l a r g e  volum e o f f r e s h ly  c o l le c t e d  g la s s  d i s t i l l e d  w a te r .

A fte r  d ry in g  i n  a  h o t  a i r  oven, a l l  ite m s  w ere f o i l  capped and 

s t e r i l i z e d  a t  160° f o r  a minimum o f one h o u r.

1 .1 .1 0  C e ll C u ltu re  P la s t ic w a re

2 2D isp o sa b le  80 cm and 175 cm t i s s u e  c u l tu r e  f l a s k s  (Nunc, 

Gibco L td . ,  P a is le y ,  S c o tla n d )  and 90 mm x 15 mm p e t r i  d is h e s  w ith  

t r i p l e  v e n te d  l i d s  ( S t e r i l i n  L td .)  w ere a l l  o f t i s s u e  c u l tu r e  g rad e
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p o ly s ty re n e  and o b ta in e d  read y  s t e r i l i z e d .  P o ly s ty re n e  u n iv e r s a l  

c o n ta in e r s  (30mL) w ith  screw  cap s , p lugged 10 ml p ip e t t e s  and  2 ml 

p o ly p ro p y len e  am poules w ith  s i l i c o n e  r u b b e r - l in e d  screw  to p s  w ere 

a l s o  d is p o s a b le  and o b ta in e d  read y  s t e r i l i z e d  from S t e r i l i n  L td .

R eusab le  c e n t r i f u g e  tu b e s  (100 mm x 16 mm) w ith  p l a s t i c  screw  

to p s  w ere  o b ta in e d  from  Nunc, Gibco L td . These w ere w ashed fo llo w in g  

th e  same p ro c e d u re s  a s  th e  g la ssw a re , packed s e p a r a te ly  in  D. H. S. S. 

s p e c i f i c a t i o n  bags ( J .  D ickenson and Sons L td .)  b e fo re  s t e r i l i z a t i o n  

a t  132°C f o r  5 m inu tes i n  a  D rayton  C a s t le  h ig h  vacuum a u to c la v e  and 

assem bled  i n  th e  la m in a r  flow  hoods b e fo re  u se . The same w ash ing  and 

s t e r i l i z i n g  p ro c e d u re s  w ere  used  fo r  th e  r e u s a b le  p ip e t t e  t i p s  

(Anachem L t d . ) .

1 .1 .1 1  G ases and G assin g  P ro ced u res

( i )  C y lin d e rs  o f  C02 and 5 per c e n t C02 i n  a i r  m ix tu re  (5% CO2 

and 20% 02 in  Ng) w ere bo th  o b ta in e d  from  B r i t i s h  Oxygen Company, 

B r i s to l  and w ere  p ip ed  to  each  w ork s t a t i o n  from  a  c e n t r a l  h o ld in g  

r e s e r v o i r .

( i i )  Gas flo w m ete r, f lo a t in g - n e e d ie  ty p e , 0 .1 -1 .0  1 min"^ 

(R o tam eter M an u fac tu rin g  Co. L td . ,  C roydon), c a l ib r a t e d  f a r  use w ith

( i i i )  In c u b a t io n  boxes, r i g i d  c l e a r  p l a s t i c  boxes, 3 .2 5  l i t r e  

volum e (A. Gallenkam p and Co. L td . ,  London)

( iv )  G a s - t ig h t  ta p e , B r i t i s h  s ta n d a rd  v in y l  ta p e , 2 .5  cm w ide 

( In te c h  Tapes L t d . , M an ch es te r).

A ll th e  c e l l  c u l tu r e  m edia used c o n ta in e d  a  b ic a rb o n a te  pH 

b u f f e r  system  d es ig n ed  to  e q u i l i b r a t e  w ith  5 p er c e n t C02 in  a i r .  

To a c h ie v e  t h i s ,  a l l  g a s - t i g h t  c u l tu r e  b o t t l e s  and f l a s k s  w ere
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charged  w ith  such a  m ix tu re , in tro d u c e d  a t  a  lew flow r a t e  th ro u g h  a 

s t e r i l i z e d  P a s te u r  p ip e t t e  p lugged w ith  n o n -ab so rb en t c o t to n  w ool. 

C e ll c u l tu r e  d is h e s  w ere  p la c e d  i n  in c u b a to r  boxes w hich w ere 

f lu s h e d  w ith  150 ml o f CO  ̂ from a  m etered  su p p ly , th rough  a p lugged  

P a s te u r  p ip e t t e .  The boxes w ere  th e n  s e a le d  w ith  g a s - t i g h t  ta p e .

1 . 2 .  C e ll  C u ltu re  M a te r ia ls

1 .2 .1  W ater

Double g la s s  d i s t i l l e d  w a te r  (DDH^O) was u sed  i n  th e  

p r e p a ra t io n  o f  a l l  s o lu t io n s  and m edia. T h is was o b ta in e d  from  a

4 - l i t r e  h r “  ̂ b i - d i s t i l l a t i o n  F is tre a m  s t i l l ,  model 2903 (F is o n s  

L td .)  f i t t e d  w ith  a F is tre a m  p re -d e io n iz e r  (F iso n s  L td .)  w hich was 

changed a t  r e g u la r  i n t e r v a l s .  DDHgO was s t e r i l i z e d  by a u to d a v in g  

a t  121°C i n  100 ml and 500 ml q u a n t i t i e s  i n  g la s s  b o t t l e s ,  fo r  

a p p ro p r ia te  tim e s . S t e r i l e  DDH2 0 produced i n  t h i s  way had a  pH o f  

4 .5 .

1 .2 .2  M edia

E ag les  Minimum E s s e n t ia l  Medium w ith  E a r l e 's  S a l t s ,  w hich was

r o u t in e ly  u sed , was o b ta in e d  a s  s t e r i l e  10x l i q u i d  c o n c e n tra te  w ith

phenol re d  bu t w ith o u t L -g lu tam in e  o r sodium b ic a rb o n a te  from  Flew

. oL a b o ra to r ie s  L td . and s to r e d  a t  4 C u n t i l  u se .

The D u lb e c c o 's  m o d if ic a t io n  o f  E a g le 's  medium w hich was used  

i n  one s e t  o f ex p e rim e n ts  w as o b ta in e d  a s  a  s t e r i l e  10x l i q u i d  

c o n c e n tr a te  w ith o u t L -g lu tam in e  or sodium b ic a rb o n a te  from  G ibco 

L td .
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1 .2 .3 A d d itiv e s  f o r  C e ll C u ltu re  Medium

( i )  A n t ib io t ic  s o lu t i o n ,  p e n i c i l l i n  (5 ,000  iu  ml~^) and 

s tre p to m y c in  (5 ,000^g  ml~^) s t e r i l e  s o lu t io n  was o b ta in e d  from  Flow 

L a b o ra to r ie s  L td . i n  100 ml u n i t  q u a n t i t i e s .  T h is  was su b d iv id e d  

in t o  15 nil volum es and s to r e d  f ro z e n  i n  p l a s t i c  u n iv e r s a l s  a t  -20°C , 

fo r  a maximum of one y e a r .

( i i )  L -g lu tam in e  s o lu t io n  was o b ta in e d  a s  a  s t e r i l e  200 mM 

s o lu t io n  i n  100 ml u n i t  q u a n t i t i e s  from  Flow L a b o ra to r ie s  L td . T h is  

was su b d iv id e d  i n t o  15 nil volum es and s to r e d  f ro z e n  i n  p l a s t i c  

u n iv e r s a l s  a t  -2 0 °C, fo r  a maximum o f one y e a r .

( i i i )  Sodium b ic a rb o n a te  w as o b ta in e d  a s  a  s t e r i l e  7 .5  p er c e n t 

w /v NaHCOg s o lu t io n  i n  100 ml q u a n t i t i e s  from  Flow L a b o ra to r ie s  L td . 

T h is  s o lu t io n  was s to r e d  a t  room te m p e ra tu re  f o r  a  maximum o f one 

y e a r .

1 .2 .4  Sera

F o e ta l c a l f  serum and newborn c a l f  serum w ere bo th  o b ta in e d  

from  Flow L a b o ra to r ie s  L t d . , th e  l a t t e r  r e p la c in g ,  fo r  r e a s o n s  o f  

economy, f o e ta l  c a l f  serum a s  a  supplem ent i n  th e  la r g e  volum es o f  

medium used  i n  p la t in g  e x p e rim e n ts . Both s e r a  ty p e s  w ere t e s t e d  

b e fo re  pu rchase  f o r  t h e i r  a b i l i t y  to  su p p o r t grow th o f th e  c e l l  

l i n e s  and f o r  t h e i r  a b i l i t y  to  form  c o lo n ie s  a f t e r  d i l u t i o n  p la t in g .  

Three b a tc h e s  o f  f o e t a l  c a l f  serum and th r e e  b a tc h e s  o f  newborn c a l f  

serum w ere u t i l i z e d  d u r in g  th e  cou rse  o f  th e se  s tu d ie s .  The b a tc h  

number o f th e  serum u sed  i n  each  experim en t w as re c o rd e d  so t h a t  any 

p o s s ib le  e f f e c t s  o f  serum on th e  s e n s i t i v i t y  o f c e l l s  co u ld  be 

d e te c te d .  A ll th e  s e r a  w ere s to r e d  a t  -20°C  u n t i l  u se .
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1 ,2 .5  Growth Media P re p a ra t io n

The grow th m edia u sed  f o r  th e  m a in tenance  o f th e  human 

f i b r o b l a s t s  and th e  a sse ssm e n t o f t h e i r  co lony form ing  a b i l i t y  had 

th e  fo llo w in g  fo rm u la , adop ted  from  Flow L a b o ra to r ie s  C a ta lo g u e . 

U n less o th e rw ise  s p e c i f i e d ,  grow th medium w i l l  r e f e r  to  EMEM 

supplem ented  w ith  th e  fo llo w in g  a d d i t iv e s  and . 15 per c e n t f o e t a l  

c a l f  serum.

10x l i q u i d  medium c o n c e n tra te  EMEM DMEM

( f u l l  fo rm u la  i n  A ppendix 1) 40 .0  ml 4 0 .0  ml

L -g lu tam in e  200 mM 4 .0  ml 8 .0  ml

P e n i c i l l i n  5000 iu /m l and

S trep to m y c in  5000 yg /m l 4 .5  ml 4 .5  ml

Sodium B ic a rb o n a te  

7 .5 ?  S o lu tio n  12.8 ml 19.6 ml

F o e ta l o r newborn c a l f  serum 6 8 .0  ml 6 8 .0  ml

S t e r i l e  dou b le  g la s s  d i s t i l l e d  w a te r  340 .0  ml 329*2 ml

F i r s t ,  m edia com ponents w ere thawed w here n e c e ssa ry  in  a  w a te r  

b a th  a t  30°C. S in g le  s t r e n g th  medium w as p re p a re d  by th e  a s e p t i c  

a d d i t io n s  o f  a l l  m edia com ponents to  th e  a p p r o p r ia te  volume o f doub le  

g la s s  d i s t i l l e d  w a te r  p re v io u s ly  s t e r i l i z e d  by a u to d a v in g  a t  121°C 

fo r  30 m inu tes i n  500 ml Flow b o t t l e s .

Media c o n ta in in g  f o e t a l  c a l f  serum w ere d eca n ted  a s e p t i c a l l y  

in to  s t e r i l e  125 ml Flow b o t t l e s .

A ll m edia th u s  p re p a re d  w ere s to r e d  i n  a  darkened  r e f r i g e r a t o r  

a t  4°C and used  w i th in  one month o f p re p a ra t io n .
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1 .2 .6  B alanced  S a l t  S o lu t io n

D u lb e e c o 's  ph o sp h a te  b u f fe re d  s a l i n e  was r o u t in e ly  used , 

e i t h e r  w ith  o r w ith o u t added  ca lc iu m  and magnesium io n s , s o lu t io n s  

d e s ig n a te d  PBS and PBS(A), r e s p e c t iv e ly .

C om position :

Component g T 1DDH2 0

NaCl 8 .0

KC1 0 .2

Na2 HP04 1.15

kh2 po4 0 .2

CaClg^HgO 0 .132

MgClg* 6H2 0 0.1

S t e r i l e  PBS(A) was p re p a re d  by d is s o lv in g  one PBS(A) t a b l e t  

(O xoid L td . ,  London) in  100 nil o f f r e s h ly  c o l le c te d  DDHgO and 

a u to d a v in g  f o r  15 min a t  121°C. PBS was p rep a red  by th e  a s e p t i c  

a d d i t io n  o f  0 .5  ml D ulbecco B s o lu t io n  (Oxoid L td .)  to  100 nil o f 

s t e r i l e  PBS(A). Both PBS and PBS(A) were s to r e d  a t  room te m p e ra tu re  

f o r  a  maximum o f one m onth.

1 .2 .7  T ry p s in  S o lu tio n

T ry p s in  (1 :2 5 0 ) was o b ta in e d  a s  a s t e r i l e  2 .5  per c e n t w /v

s o lu t io n  i n  Hanks b a la n c e d  s a l t  s o lu t io n  w ith o u t ca lc ium , magnesium

and phenol re d , i n  100 ml u n i t  q u a n t i t i e s  from Flew L a b o ra to r ie s

L td . T h is  was a s e p t i c a l l y  d i l u te d  to  0 .2 5  per cen t w ith  PBS(A),
o

s to r e d  a s  15 nil volum es i n  p l a s t i c  u n iv e r s a l s  a t  -20 C and u sed  

w i th in  fo u r  w eeks.
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1 .2 .8  C hem icals

A l i s t  o f chem ical compounds used i n  t h i s  s tu d y  i s  g iv e n

b e l cw:

1. Trolox-C

6-h y d ro x y -2 ,5 ,7 ,8 - te tr a m e th y l- c h ro m a n -2 -c a rb o x y lic  a c id

(T ro lox -C ) was a  g i f t  from  H off man-LaRoche In c .,.  New J e r s e y ,  U .S.A . 

I t  w as i n  powder form  and k ep t i n  t i g h t l y  capped g la s s  b o t t l e s ,  

p ro te c te d  from l i g h t ,  a t  4°C.

2 . D euterium  ox ide

DgO o f i s o to p i c  p u r i t y  99.8 per c e n t (Sigma Chemical Group 

L t d . , D o rse t)  was o b ta in e d  i n  s t e r i l e  form i n  25 ml q u a n t i t i e s  and 

s to r e d  anhyd rous, a t  room te m p e ra tu re , fo r  a maximum of one m onth.

3 . Hydrogen p e ro x id e

H^O^ (F lu k a , W. Germany) was o b ta in e d  a s  a 30 p e r  c e n t 

c o n c e n tr a te  (8 .8 2  M) and s to r e d  a t  room te m p e ra tu re .

4 . D im eth v lsu lp h o x id e

DMSO, g rade  I  (Sigma L td .)  was o b ta in e d  i n  100 ml q u a n t i t i e s  

and s to r e d  i n  t i g h t l y  capped g la s s  b o t t l e s  a t  room te m p e ra tu re .

5. M ethvlene b lu e

M ethylene b lu e  was o b ta in e d  i n  powdered form (BDH C hem icals 

D o rse t)  and s to r e d  a t  room te m p e ra tu re .
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1.3* C e ll  C u ltu re  Methods 

1.3*1 C e ll L in es

The d ip lo id  human s k in  f i b r o b l a s t  s t r a i n s  used  i n  t h i s  s tu d y

w ere

GM730 -  from a  normal fem ale  donor (4 5 -y e a r  o ld )  k in d ly

p ro v id ed  by th e  MRC C ell M u ta tio n  U n it ,  U n iv e rs ity  

o f S ussex , B rig h to n . The c e l l  l i n e  o r ig in a te d  from  

th e  Human G e n e tic  M utant C e ll R e p o s ito ry , Camden, 

New J e r s e y ,  USA

AR6L0 -  from an  a c t i n i c  r e t i c u l o i d  p a t i e n t , ( 5 5 - y e a r  o ld  

m ale, c l i n i c a l  d e t a i l s  i n  Appendix 9) k in d ly  

p ro v id ed  by Dr. F. G ia n n e l l i ,  Guys M edical S chool, 

London

The m ain tenance o f more th a n  one c e l l  l i n e  i n  th e  same 

la b o ra to r y  p r e s e n ts  a  problem  of c ro s s  c o n ta m in a tio n  (P au l, 1975 ). 

G rea t c a re  was th e r e f o r e  ta k e n  to  m a in ta in  th e  p u r i ty  o f c u l tu r e s  

th ro u g h o u t th e se  s tu d ie s .  S im ultaneous h a n d lin g  o f  d i f f e r e n t  c e l l  

l i n e s  was n ev er u n d e rta k e n  and b o t t l e s  o f  medium w ere d e s ig n a te d  f o r  

use w ith  on ly  one p a r t i c u l a r  c e l l  l i n e .

1 .3 .2  M aintenance o f C e ll L in es

The c e l l  l i n e s  em ployed i n  th e s e  s tu d ie s  bo th  grew as

m ono layers , th e r e f o r e ,  s to c k  c u l tu r e s  w ere r o u t in e ly  m a in ta in e d  i n

2 2 oc u l tu r e  medium in  80 cm or 175 cm t i s s u e  c u l tu r e  f l a s k s  a t  37 C.

R outine s u b c u ltu re  p ro to c o ls  w ere d es ig n ed  to  keep c e l l s  i n  a  s t a t e

o f a c t iv e  grow th.
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1 .3 -3  C e ll S to rag e

C e l ls  w ere s to r e d  i n  th e  vapour s t a t e  o f a  l i q u i d  n i t r o g e n

r e f r i g e r a t o r  a t  a p p ro x im a te ly  -1M8°C.

E x is t in g  s to c k s  o f  c e l l s  w ere b u i l t  up from th e  ones r e c e iv e d

i n  th e  fo llo w in g  way:

F i r s t ,  th e  c e l l s  r e c e iv e d  w ere exam ined m a c ro sc o p ic a lly  and

m ic ro s c o p ic a lly  and, i f  th e  c u l tu r e  ap p ea red  h e a l th y ,  th e  medium was

d eca n ted  and th e  c e l l s  s u b c u ltu re d  i n  th e  u su a l manner i n t o  one o r 
2

two 80 cm f l a s k s .  The c e l l s  w ere a llo w ed  to  form a c o n f lu e n t l a y e r

and th e n  su b c u ltu re d  tw ic e  more w ith  a 1 :3  s p l i t  r a t i o  so t h a t  a t
2

l e a s t  e ig h te e n  80 cm f l a s k s  w ere o b ta in e d  a f t e r  th e  l a s t

s u b c u ltu re .  C e l ls  to  be f ro z e n  w ere h a rv e s te d  i n  e x p o n e n tia l  

g rcw th . S ix  f l a s k s  a t  a  tim e w ere t r y p s in iz e d ,  th e  c e l l s  

re su sp en d ed  i n  w hole medium and c e n t r i f u g e d .  The c e l l  p e l l e t s  from  

each  f l a s k  w ere poo led  and re su sp en d ed  i n  8 ml o f grow th medium 

c o n ta in in g  f i v e  per c e n t DMSO, w hich had been  f r e s h ly  p re p a re d  by 

th e  a s e p t i c  a d d i t io n  o f  5 ml o f f i l t e r  s t e r i l i z e d  DMSO (d is p o s a b le  

M illex-FG  u n i t s  [ M il l ip o r e ]  f i t t e d  w ith  F lu o ro p h o re  h y d ro p h o b ic  

membrane f i l t e r s  o f  0.2\un p o re  s iz e  w ere used  to  f i l t e r  DMSO) t o  95 

ml o f grow th medium. The c e l l  su sp e n sio n s  w ere  a s p i r a t e d  u s in g  a 

s t e r i l e  P a s te u r  p ip e t t e  and  one ml o f su sp e n s io n  t r a n s f e r r e d  i n t o  

each  o f e ig h t  s t e r i l e  2 ml am poules. A ll am poules w ere  c l e a r ly  

marked w ith  th e  c e l l  s t r a i n ,  th e  passage number, th e  d a te  and  a 

b a tc h  code. S u b seq u en tly , th e se  w ere p la c e d  i n  th e  BF-6 b io lo g ic a l

O “ 1f r e e z e r  s e t  to  be co o led  a t  a  c o o lin g  r a t e  o f 1 C m inu te” and 

f ro z e n  to  below -70°C . The am poules w ere th e n  q u ic k ly  t r a n s f e r r e d  

to  th e  s h e lv e s  o f  th e  l i q u i d  n i t ro g e n  r e f r i g e r a t o r  f a r  lo n g  te rm  

s to ra g e  a t  ap p ro x im a te ly  -1 4 8 ° c .
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1 .3 .4  Recovery o f C e l ls  from  S to rag e

C e l ls  w ere re c o v e re d  from  l i q u i d  n i t r o g e n  s to ra g e  i n  th e  

fo llo w in g  way:

Ampoules w ere removed from  th e  r e f r i g e r a t o r ,  thawed q u ic k ly  i n

a  w a te r  b a th  a t  37°C and t h e i r  c o n te n ts  t r a n s f e r r e d  u s in g  a  s t e r i l e
2

P a s te u r  p ip e t t e  to  a  60 cm t i s s u e  c u l tu r e  f l a s k  c o n ta in in g  15 ml 

grcw th  medium. F la sk s  w ere th e n  o v e rg assed  w ith  5 per cen t C02 in  

a i r  and in c u b a te d  a t  37°C.

1 .3 .5  P re p a ra t io n  o f  C e ll S uspensions from  M onolaver C u ltu re s

The e s s e n t i a l  p ro ced u re  i n  th e  m a in tenance o f  c e l l s  i n  c u l tu r e  

i s  s u b c u ltu re ,  w hich in v o lv e s  th e  t r a n s f e r  o f  c e l l s  from  one 

c u l tu r e  v e s s e l  to  a n o th e r .  To e f f e c t  t h i s  f o r  m onolayer c u l tu r e s  a  

su sp e n s io n  o f  c e l l s  m ust f i r s t  be o b ta in e d . Once i n  su sp e n s io n , 

c e l l s  can a l s o  be g r e a t ly  d i l u te d  and p la te d  so t h a t  c o lo n ie s  a r i s e  

from s in g le  c e l l s ,  a  p ro ced u re  im p o rta n t i n  many e x p e rim en ts . P r io r  

to  m a n ip u la tio n , th e  c u l tu r e  medium of th e  f l a s k  to  be s u b c u ltu re d  

was exam ined by eye f o r  th e  absence  o f f l o a t i n g  c e l l u l a r  d e b r is  and 

to  e n s u re  i t  w as n o t to o  a c i d i c  o r b a s ic ,  a s  in d ic a te d  by th e  phenol 

re d  com ponent. T h is  was fo llo w ed  by c lo s e r  e x am in a tio n  o f  th e  c e l l  

c u l tu r e s ,  under phase c o n t r a s t  m icroscopy , to  e n su re  t h a t  c e l l s  had 

a  normal ap p ea ran ce , w ith  n o n r e f r a c t i l e  g ra n u le s  i n  t h e i r  cy top lasm . 

I f  a p a r t i c u l a r  c u l tu r e  f a i l e d  to  f u l f i l l  th e se  re q u ire m e n ts , i t  w as 

d is c a rd e d .

The medium was removed from  th e  f l a s k  and th e  m onolayer r in s e d  

w ith  5 ml o f ic e - c o ld  0 .25  per c e n t t r y p s in  s o lu t io n .  T h is  was 

d is c a rd e d  and r e p la c e d  by a n o th e r 5 ml o f t r y p s in  s o lu t io n ,  w hich
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was a l s o  d is c a rd e d  and th e  c e l l s  w ere a llo w ed  a  5 m inute p e r io d  w ith

only  a r e s id u a l  t h i n  l a y e r  o f t r y p s in  c o v e rin g  them . Low

te m p e ra tu re  t r y p s i n i z a t i o n  w as ad o p ted  a s  c e l l s  a r e  r e p o r te d  t o  be 

more r e s i s t a n t  to  m ech an ica l s t r e s s e s  (Wang e t  j l . , 1968), s u f f e r

l e s s  i n t r a c e l l u l a r  p e n e t r a t io n  o f  t r y p s in  (Hodges e t  a l . .  1973) and 

show in c re a s e d  c e l l  v i a b i l i t y  i f  a l l  s te p s  o f  s u b c u ltu r in g  a r e

perform ed a t  te m p e ra tu re s  below 15°C (MoKeehan e t  a l . .  1 9 81 ). At

th e  end o f  th e  t r y p s i n i z a t i o n  p e r io d , s in g le  c e l l s  w ere r e le a s e d  

from th e  s u r fa c e  o f th e  f l a s k ,  re su sp en d ed  i n  co ld  grow th medium and 

t r a n s f e r r e d  t o  a t i s s u e  c u l tu r e  c e n t r i f u g e  tu b e . A fte r  a  1 min 

c e n t r i f u g a t io n  s te p  a t  1000 rpm th e  s u p e rn a ta n t w as d is c a rd e d  and 

th e  c e l l s  re su sp en d ed  i n  a f u r t h e r  5 ml o f EMEM. The su sp e n s io n  w as 

th e n  a s p i r a t e d  w ith  a  P a s te u r  p ip e t te  to  o b ta in  a  su sp e n s io n  o f  

s in g le  c e l l s  and th e  c e l l  d e n s i ty  de term ined  u s in g  a haem ocytom eter.
5

R o u tin e ly , 8 x 10 c e l l s  w ere  added to  15 ml o f EMEM c o n ta in in g  15
2

per c e n t f o e t a l  c a l f  serum i n  80 cm t i s s u e  c u l tu r e  f l a s k s .  F la sk s  

w ere th e n  o v e rg a sse d  w ith  a  5 p e r c e n t CO  ̂ in  a i r  m ix tu re  d e l iv e r e d  

a t  a low flew  r a t e  th ro u g h  a  s t e r i l e  P a s te u r  p ip e t t e  p lugged  w ith  

non- a b so rb en t c o t to n w o o l .  A ll c e l l  c u l tu r e s  w ere c l e a r ly  marked 

w ith  th e  c e l l  s t r a i n ,  th e  p assag e  number and th e  d a te  and in c u b a te d  

a t  37°C i n  th e  d a rk , a s  p h o to p ro d u c ts  to x i c  to  mammalian c e l l s  a r e  

known to  be form ed from  c e r t a i n  m edia com ponents (Wang e t  a l . ,  197*0 

when c u l tu r e s  a r e  in c u b a te d  i n  th e  l i g h t .

1 .3 .6  D e te rm in a tio n  o f  C e ll D en sity

T h is  w as a c h ie v e d  by haem ocytom eter co u n tin g , a  method w hich 

a ls o  a l lo w s  v i s u a l  e x a m in a tio n  o f  th e  c e l l s  p r io r  to  e x p e r im e n ts . 

The haemocy to m ete r w as f i r s t  p re p a re d  a s  fo l lo w s : The s u r fa c e  o f th e
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s l i d e  was c le a n e d  w ith  70 p e r  c e n t a lc o h o l ,  ta k in g  c a re  no t to

s c r a tc h  th e  s e m i- s i lv e r e d  s u r f a c e .  The c o v e r s l ip  was a ls o  c le a n e d

and, a f t e r  w e t t in g  th e  edges s l i g h t l y ,  i t  w as p re sse d  down o v er th e

g ro o v es  and s e m i- s i lv e r e d  c o u n tin g  a r e a .  The appearance  o f

in te r f e r e n c e  p a t te r n s  ( f Newton*s r in g s * )  in d ic a te d  t h a t  th e

c o v e r s l ip  was p ro p e r ly  a t ta c h e d ,  th e re b y  d e te rm in in g  th e  dep th  o f

th e  c o u n tin g  chamber (0.1m m). C e l ls  w ere th ro ro u g h ly  mixed b e fo re  a

sm all volume was w ithdraw n  frcm  j u s t  below th e  su rfa c e  o f  th e

su sp e n s io n , and in tro d u c e d  i n t o  th e  haemocy to m ete r chamber. A t o t a l

2c e l l  count w as perform ed  on e ig h t  l a r g e  sq u a re s  (1mm each) o f  th e

haem ocytom eter g r id  under phase c o n t r a s t  m icroscopy . I f  c e l l

clum ping was o b se rv ed , th e  coun t was d is c a rd e d , and th e  su sp e n s io n

a s p i r a t e d  to  b reak  up th e  clumps b e fo re  a  new sam ple was ta k e n . I f

th e  c e l l  d e n s i ty  was g r e a t e r  th a n  150 c e l l s  p e r la rg e  sq u a re , a t

w hich p o in t c o u n tin g  became impeded by crow ding, th e  su sp en sio n  was

f u r t h e r  d i l u te d  and sam p lin g  re p e a te d .

C e ll coun t p er ml i s  g iv e n  by:

-1 4c e l l  ml = 10 n, w here n i s  th e  av e ra g e  number o f c e l l s  p e r 

la r g e  sq u a re .

1 .3 .7  P re p a ra t io n  o f  C e ll S u sp en sio n s  fo r  E xperim en tal Use

C e l ls  to  be i r r a d i a t e d  i n  su sp e n s io n  w ere h a rv e s te d  i n

e x p o n e n tia l  grow th a c c o rd in g  t o  th e  fo llo w in g  s e t  p ro ced u re . In

o rd e r  to  s ta n d a rd iz e  a s  f a r  a s  p o s s ib le  th e  c u l tu r e  c o n d it io n s ,  a l l
5

c e l l  s t r a i n s  w ere  s u b c u ltu re d  by in o c u la t io n  o f  8 x 10 c e l l s  i n t o
p

each  o f two 80 cm t i s s u e  c u l tu r e  f l a s k s  c o n ta in in g  15 ml of grow th 

medium and in c u b a te d  a t  37°c  fo r  48 h o u rs , by which tim e c e l l s  had 

begun to  grow. At th e  end o f  t h i s  p e r io d  one o f th e se  f l a s k s  w as
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h a rv e s te d  to  p ro v id e  th e  c e l l  su sp e n sio n  f o r  i r r a d i a t i o n  w h ile  th e

o th e r ,  a f t e r  in c u b a t io n  f o r  a  f u r th e r  f i v e  days was s u b c u ltu re d

a g a in  to  p ro v id e  th e  c e l l s  f o r  th e  nex t experim en t a s  d e s c r ib e d

above. With each s t r a i n  i n  u se , a  c y c le  w as th u s  e s ta b l i s h e d  such

t h a t  c e l l s  w ere on ly  s u b c u ltu re d  once w eekly and n o t s u b je c te d  to  a

l o s s  o f  d iv i s io n  p o te n t i a l  by ro u tin e  su b c u ltim in g . C e l ls  to  be

i r r a d i a t e d  w ere  t r y p s in i z e d  i n  th e  u su a l manner bu t a f t e r  c e l l

detachm ent th e y  w ere re su sp e n d e d  i n  10 ml of com plete pho sp h ate

b u f fe re d  s a l i n e  w ith  ca lc iu m  and magnesium. T his se rv ed  bo th  to

i n h i b i t  f u r th e r  t r y p t i c  a c t i o n  and to  m inim ise th e  c a r ry  over o f

o rg a n ic  m edia com ponents i n t o  th e  i r r a d i a t i o n  su sp e n sio n . The c e l l

su sp e n s io n  was th e n  c e n t r i f u g e d  a t  1000 rpm f o r  1 m inu te , th e

s u p e rn a ta n t  l i q u i d  d e c a n te d  and th e  c e l l  p e l l e t  re su sp en d ed  i n  5 ml

of com plete PBS. The su sp e n s io n  was th e n  a s p i r a t e d  u s in g  a s t e r i l e

P a s te u r  p ip e t t e ,  th e  c e l l  d e n s ity  de term ined  by haem ocytom eter

5 -1co u n tin g  and a d ju s te d  t o  10 c e l l s  ml by f u r th e r  d i l u t i o n  i n

com plete  PBS.

1 .3 .8  A ssessm ent o f V i a b i l i t y

C e ll s u rv iv a l  w as d e te rm in ed  by r e l a t i v e  co lony  fo rm ing

a b i l i t y  u s in g  a d a p ta t io n s  o f  th e  s in g le  c e l l  p la t in g  te c h n iq u e s

f i r s t  developed  by Puck e t  a l .  (1 9 5 6 ), s p e c i f i c a l l y  th e  homologous

fe e d e r  la y e r  te ch n iq u e  o f p la t in g  human s k in  f i b r o b l a s t s  (Cox and
2

Masson, 1974 ). Each 80 cm c u l tu r e  f l a s k  o f  c e l l s  to  be used  i n  a
2

U V -ir ra d ia t io n  ex p erim en t w as coup led  w ith  a  175 cm c u l tu r e  f l a s k  

o f  homologous c e l l s .  On th e  day p r io r  to  i r r a d i a t i o n  t h i s  c u l tu r e  

was t r y p s in iz e d  and th e  c e l l s  resu sp en d ed  i n  20 ml o f EMEM w ith  15 

per c e n t f o e t a l  c a l f  serum . The c e l l  d e n s ity  was th e n  d e te rm in ed  by

-  56 -



haem ocytom eter coun t and s u f f i c i e n t  medium th e n  added t o  th e

su sp e n s io n  i n  th e  f l a s k  to  g iv e  a  c e l l  c o n c e n tra t io n  o f  6 .4  x 10**

c e l l s  ml ^ . A q u a n t i ty  o f  t h i s  c e l l  su sp e n sio n , s u f f i c i e n t ,  when

su b se q u e n tly  d i l u te d  1 0 - fo ld , to  pour th e  number o f p l a t e s  r e q u ir e d

to  conduct th e  ex p e rim en t, was a s e p t i c a l l y  t r a n s f e r r e d  i n t o  a

s t e r i l e  125 ml Flew b o t t l e  and g iv e n  an  i n a c t iv a t in g  dose o f 50 Gy

of gamma r a d i a t i o n  i n  a  2000 c u r ie  C aesium ^^ g amma sou rce  (Gravatom

I n d u s t r i e s  L t d . ) .  A f te r  i r r a d i a t i o n  th e  c e l l  su sp e n s io n  was

d i lu te d  1 0 -fo ld  to  a  f i n a l  c o n c e n tra t io n  o f  6 .4  x 10^ c e l l s  ml”  ̂ i n

EMEM supplem ented  w ith  15 p er c e n t newborn c a l f  serum. Ten ml o f

t h i s  su sp e n s io n  w ere  th e n  d isp e n se d  o n to  th e  a p p ro p r ia te  number o f

90 mm t i s s u e  c u l tu r e  d is h e s  u s in g  an  a u to m a tic  F ip e tu s  (Flow L a b s .,
o p

L td .)  g iv in g  a  c e l l  d e n s i ty  on each  p e t r i  d is h  o f 10 c e l l s  p e r cm ,

w hich had been found  to  be th e  op tim al d e n s i ty  fo r  co lony form ing

e f f ic ie n c y  o f human s k in  f i b r o b l a s t s  (Cox and Masson, 1974). E la te s  

w ere th e n  p la c e d  i n  c l e a r  p o ly s ty re n e  boxes p re v io u s ly  swabbed w ith  

70 p e r c e n t e th a n o l fo r  d i s i n f e c t i o n  and a i r  d r ie d ,  each box h o ld in g  

18 p la te s .  The boxes w ere  th e n  g assed  w ith  150 ml o f C02 d e l iv e r e d  

from a  m e te red  su p p ly , s e a le d  w ith  gas  t i g h t  tap e  and in c u b a te d  

o v e rn ig h t  a t  37°C.

C on tro l and i r r a d i a t e d  c e l l  sam ples w ere  d i l u te d  i n  w hole

medium a t  room te m p e ra tu re . The d i l u t io n  employed depended on bo th  

th e  c lo n in g  e f f i c i e n c y  o f th e  c e l l  s t r a i n  and i t s  e x p e c te d

s e n s i t i v i t y  to  th e  u l t r a v i o l e t  r a d ia t io n  t r e a tm e n t.  F in a l co lony 

c o u n ts  o f  betw een 20 and 150 w ere co n s id e re d  d e s i r a b le .  The c e l l s  

w ere added  a s  1 ml a l iq u o t s  to  each  of th r e e  fe e d e r  la y e r  p la t e s  p er 

f lu e n c e  p o in t and sp re a d  by g e n t le  a g i t a t i o n  o f  th e  p la t e s .  P la te s
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w ere th e n  re p la c e d  i n  th e  boxes, g a sse d , s e a le d  and re ln c u b a te d  f o r  

1 4 - 2 1  d ay s  a t  37°C i n  th e  d a rk  to  a llc w  colony fo rm a tio n .

At th e  end o f  th e  grcw th p e r io d  p l a t e s  w ere removed from  th e  

in c u b a to r ,  th e  medium w as poured  o f f  and ap p ro x im ate ly  2 ml o f 0 .5  

per c e n t m ethy lene b lu e  i n  50 p e r  c e n t m ethanol was added to  each  

p la te .  A fte r  a 15 m inute p e r io d  to  a llc w  fo r  f ix in g  and s t a i n i n g  o f  

c o lo n ie s  t h i s  was poured  o f f  and th e  p la te s  r in s e d  i n  ta p  w a te r ,  

and d r ie d .  P la te s  w ere  coded and random ised  b e fo re  co u n tin g .

1 .3 -9  P re p a ra t io n  o f  A ttach ed  C e l l s  f o r  E xperim ental Use

C e r ta in  e x p e rim e n ts  r e q u ir e d  i r r a d i a t i o n  o r o th e r  tr e a tm e n t o f

c e l l s  a t ta c h e d  to  p l a t e s .  A m o d if ic a t io n  o f  th e  methods d e s c r ib e d

above was th e r e f o r e  u sed , i n  w hich th e  fe e d e r  la y e r  was p re p a re d

3 -1f i r s t  and p l a t e s  c o n ta in in g  g am m a-in ac tiv a ted  6 .4  x 10 c e l l s  ml 

i n  EMEM supplem ented  w ith  15 per c e n t newborn c a l f  serum w ere  

in c u b a te d  o v e rn ig h t  a t  37°C.

The f o i l  w in g  day , a  10^ c e l l  su sp e n sio n  o f  th e  c e l l s  t o  be 

i r r a d i a t e d  o r o th e rw ise  t r e a t e d  was p rep a red  and a p p r o p r ia te  

d i l u t i o n s  w ere  p la te d  depend ing  on th e  c lo n in g  e f f ic ie n c y  o f th e  

c e l l  l i n e  and th e  ex p ec ted  s e n s i t i v i t y  to  th e  tre a tm e n t.  C e l ls  w ere 

i r r a d i a t e d  48 h o u rs  l a t e r  so t h a t  th e  s ta g e  o f g r w th  o f th e  c e l l s  

i n  e i t h e r  way ( s u sp e n s io n  o r  a t ta c h e d )  was s im i la r .  A f te r  

i r r a d i a t i o n ,  a ssessm en t o f v i a b i l i t y  by colony fo rm a tio n  c o u n tin g  

was done a s  d e s c r ib e d  p r e v io u s ly .
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2 .  IRRADIATION OF HUMAN SEEN FIBROBLASTS IN CULTURE

Human f i b r o b l a s t s  w ere  i r r a d i a t e d  i n  su sp e n s io n  w ith

m onochrom atic w av e le n g th s  i n  th e  f a r - ,  m id- and near-UV re g io n s  fo r

th e  purpose o f d e te rm in in g  t h e i r  s u rv iv a l  c h a r a c t e r i s t i c s .  For

a ssessm en t o f membrane damage i r r a d i a t i o n  o f  c e l l s  a t ta c h e d  on

p la te s  w as c a r r i e d  o u t ,  fo r  re a s o n s  t h a t  w i l l  be d is c u s s e d  l a t e r .

M onochrom atic i r r a d i a t i o n  o f  a t ta c h e d  c e l l s  w as n o t f e a s i b l e  w ith

th e  a p p a ra tu s  a v a i l a b l e  so i r r a d i a t i o n s  w ere  r e s t r i c t e d  to

b road-band  f a r  and n e a r  UV. F in a l ly ,  d e te rm in a tio n  o f  th e

g am m a-rad ia tio n  s e n s i t i v i t y  o f human f i b r o b l a s t s  and r o u t in e

p re p a ra t io n  o f  a fe e d e r  l a y e r  f o r  UV ex p erim en ts  r e q u i r e d  th e  use o f 

137th e  C s-g am m a-rad ia tio n  so u rc e .

2 .1 .  Equipm ent

2 .1 .1  D ark Room

A ll ex p e rim en ts  in v o lv in g  i r r a d i a t i o n  w ith  u l t r a v i o l e t  l i g h t  

or gam ma-rays w ere  c a r r i e d  o u t i n  a  ’ d a rk  room ’ under i l lu m in a t io n

from re d  f lu o r e s c e n t  tu b e s  (A tla s  L td . 80V ), which em it on ly  l i g h t  

o f w av e le n g th s  lo n g e r  th a n  500 nm.

2 .1 .2  M onochrom atic R a d ia tio n  S ources 

Penrav Lamp ( U l t r a v i o l e t  P ro d u c ts , I n c .)

A 5 cm low p re s s u re  m ercury  lamp f i t t e d  w ith  an  i n t e g r a l

f i l t e r  (G-275) was u sed . T h is  was d esig n ed  to  i s o l a t e  th e  253 .7  nm

l i n e  o f th e  m ercury  spectrum  and abou t 92-97 p e r c e n t o f  lam p o u tp u t 

i s  a t  t h i s  w av e le n g th . The lam p was used  i n  a  v e r t i c a l  p o s i t io n  on 

an  o p t i c a l  bench a s  d e s c r ib e d  l a t e r .
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Bausch and Lomb SP 200 Lamp (Bausch and Lomb. R o ch es te r. New Yorkl

T his was a  200W super p re s s u re  m ercury  vapour lam p w ith  a 

fu s e d  s i l i c a  envelope  and  an  a p p r o p r ia te  fu s e d  s i l i c a  condensing  

le n s  system . Newly f i t t e d  lam ps w ere a llo w ed  to  bu rn  o f f  a t  l e a s t  2 

h o u rs  b e fo re  b e in g  u sed  f o r  i r r a d i a t i o n  and w ere  re p la c e d  a f t e r  100 

h o u rs  u se . T h is  l i g h t  so u rce  was used  i n  c o n ju n c tio n  w ith  a  Bausch 

and Lomb h ig h  i n t e n s i t y  g r a t in g  m onochrom ator, which was f i t t e d  w ith  

a  U V -v is ib le  d i f f r a c t i o n  g r a t i n g  o f  1350.0 l i n e s  p e r mm b la z e d  fo r  

maximum e f f ic ie n c y  a t  300 im. O p e ra tio n  was o v e r a  w av e len g th  o f 

200 rm-800 nm w ith  a  s t a t e d  r e c ip r o c a l  d is p e r s io n  o f  6 .4  nm/mm. 

M atched f ix e d  s l i t  d is c s  w ere  u sed , th e  e n tra n c e  and e x i t  s l i t s  

b e in g  2.68 mm and 1.5  mm, r e s p e c t iv e ly .

A rrangem ent o f O p tic a l Bench

The g e n e ra l a rrangem en t o f th e  a p p a ra tu s  f o r  i r r a d i a t i o n  o f  

c e l l  su sp e n s io n s  i s  shewn i n  F ig . 10 . A ll o p t i c a l  com ponents w ere  

a r ra n g e d  i n  a  h o r iz o n ta l  p lan e  on an  E a lin g  Beck o p t i c a l  bench and 

a s s o c ia te d  s u p p o r ts ,  a llo w in g  v e r t i c a l  and h o r iz o n ta l  a d ju s tm e n t. 

The s h u t t e r

T h is  was an  i r i s  cam era s h u t t e r  (G. B. Kernshaw 630) w ith  a  2 

cm a p e r tu r e ,  f i t t e d  w ith  a  c a b le  r e l e a s e .  E xposures w ere  tim ed  

u s in g  a  s topw atch .

The fo c u s in g  le n s

T h is  was used  o n ly  i n  c o n ju n c tio n  w ith  th e  Bausch and Lomb SP 

200 sou rce  and was a  40 mm d ia m e te r  S p e c t ro s i l  b iconvex  le n s  h av in g  

a  fo c a l  le n g th  o f 55 mm. T h is  produced an  in v e r t e d  m a g n if ied  image 

o f th e  e x i t  s l i t  o f th e  m onochrom ator 3 cm h ig h  x 1 cm w ide a l lo w in g  

f u l l  i l lu m in a t io n  o f  th e  i r r a d i a t i o n  c u v e t te .
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F ig u re  10. Diagram o f a p p a ra tu s  f o r  UV i r r a d i a t i o n  o f  c e l l s  i n  su sp e n s io n .

1. M ercury UV Source (SP200) 5 . F ocusing  Lens
2 . Q uartz C o l le c t iv e  Lens 6 . S tra y  L ig h t F i l t e r
3 . Monochromator 7 . I r r a d i a t i o n  C u v e tte  (See F ig . 12)
4 . S h u tte r  8 .  S t i r r e r



S tra y  l i g h t  f i l t e r s

D uring  i r r a d i a t i o n  w ith  w av e le n g th s  lo n g e r  th a n  254 nn 

s e le c te d  u s in g  a  m onochrom ator, i t  i s  e s s e n t i a l  t h a t  any s t r a y  l i g h t  

o f s h o r te r  w aveleng th  be rem oved from  th e  r a d i a t i o n  beam to  p re v e n t 

i t s  c o n t r ib u t io n  to  i n a c t i v a t i o n  and th e  in t r o d u c t io n  o f  a 

co rre sp o n d in g  e r r o r  i n  d e te rm in a tio n  o f  th e  b io lo g ic a l  s e n s i t i v i t y .  

An a p p ro p r ia te  U V -absorb ing  f i l t e r  was th u s  p o s it io n e d  betw een th e  

monochromator and th e  i r r a d i a t i o n  c u v e t te .  D e ta i l s  o f  th e se  f i l t e r s  

a r e  g iv e n  i n  T ab le  1 and F ig u re  11. On r e c e ip t  from th e  s u p p l ie r  a l l  

g la s s  U V -absorbing f i l t e r s  w ere  checked a g a in s t  s p e c i f i c a t io n  by th e  

d e te rm in a tio n  o f  th e  U V -tran sm iss io n  spectrum  r e l a t i v e  to  a i r  u s in g  

a  Itye-Unicam SP1800 sc a n n in g  sp e c tro p h o to m e te r .

For i r r a d i a t i o n  a t  313 nm a  f i lm  o f Jfy lar C 2 .5  yun (DuPont 

L td .)  was em ployed a s  a  s t r a y  l i g h t  f i l t e r .  T h is  m a te r ia l  r e q u ire d  

a p e r io d  o f  abou t 2 h o u rs  ex p o su re  to  th e  313 nm r a d ia t io n  b e fo re  

use to  na g e n i t .  D uring  t h i s  tim e  th e  t r a n s m is s io n  o f  th e  f i l t e r  a t  

313 nm f e l l  i n i t i a l l y  and th e n  rem ained  s t a b l e .  Hie ab so rb an ce  o f 

M ylar C was t y p i c a l l y  0 .2 7  a t  313 nm and 3 .0  a t  300 nm in d ic a t in g  

t h a t  e f f e c t i v e  f i l t r a t i o n  o f  300 nm and below was a c h ie v e d .

The i r r a d i a t i o n  c u v e t te

A ja c k e te d  10 mm i n t e r n a l  w id th , 10 mm p a th le n g th  q u a r tz  

c u v e t te  was u sed  (Therm al S y n d ic a te , L t d . ) .  T h is i s  i l l u s t r a t e d  

d ia g ra m a t ic a l ly  i n  F ig . 12 . C on tro l of th e  te m p e ra tu re  o f th e  c e l l  

su sp e n s io n s  was a c h ie v e d  by c i r c u l a t i o n  o f  w a te r  from  a  w a te r  b a th  

th rough  la g g e d  ru b b e r  tu b in g  by a  p e r i s t a l t i c  pump (W atson Marlow 

L t d . ) .

Ttoo w a te r  b a th s  w ere  r o u t in e ly  u sed . One, fo r  i r r a d i a t i o n  a t  

0°C, c o n ta in e d  a  50 p e r c e n t e th y le n e  g ly c o l s o lu t io n  w hich was 

co o led  by a U -cool r e f r i g e r a t i o n  u n i t  (N eslab  In s tru m e n ts , I n c . ) .
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TABLE 1

DETAILS OF STRAY LIGHT FILTERS, BAND WIDTHS AND FLUENCE 

RATES USED IN IRRADIATION EXPERIMENTS

WAVELENGTH
STRAY LIGHT 

FILTER

WAVELENGTH 
156 TRANSMISSION 
ON LCM SIDE nm

$ TRANSMISSION 
AT DESIGNATED 
WAVELENGTHS

BAND WIDTH 
AT 5056 
MAXIMUM nm

FLUJpIC^ 
J n f  s”

RATE

•254 nn G275 ----- ----- ----- 5 .2  - 7 .3 x10~2

*313 nm Jfylar C 2.5ym 301 nm 63 7 .0  nm 5.8 - 9 .3 x10®

325 nm C orning 0-54 298 nm 84 12.5 nm 3 .6  - 6 .5

ooX

*334 nm O rie l WG-335 311 nm 77 7 .2 5  nm 3 .6  - 8 .2 x10^

*365 nm C orning  0-52 
(1 /2  th ic k n e s s )

332 nm 85 7 nm 1 .9 - 4 .2 x101

•M ercury re so n an ce  l i n e s .
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12. Diagram of th e  i r r a d i a t i o n  c u v e tte  
I r r a d i a t i o n  c u v e tte
a . E ntrance and e x i t  p o r ts  fo r  c i r c u la t in g  f l u i d
b. P o s it io n  o f  su sp en sio n  fo r  i r r a d i a t i o n  
Perspex  h o ld e r



The o th e r ,  r e s e rv e d  f o r  th e  o th e r  te m p e ra tu re s , c o n ta in e d  d i s t i l l e d  

w a te r  and th e rm o s ta t ic  r e g u la t i o n  w as by a  h e a t in g  c o i l  pump (G ran t 

In s tru m e n ts  L td .)*  P e r io d ic  m o n ito r in g  o f  th e  c u v e t te  te m p e ra tu re  

was a c h ie v e d  by a probe therm om eter (Comark L t d . ) .  B efo re  th e  s t a r t  

o f each ex p erim en t, th e  w a te r  b a th  te m p era tu re  w hich w ould a llo w  th e  

c u v e t te  te m p e ra tu re  to  be a t  th e  d e s ir e d  l e v e l  w ould be d e te rm in ed  

and m a in ta in e d  c o n s ta n t  th ro u g h o u t th e  exp erim en t. In  t h i s  way, a 

+ / -  0 .5°C  o f  th e  d e s i r e d  te m p e ra tu re  was a lw ays m a in ta in e d .

The s t i r r e r

C e ll su sp e n s io n s  w ere  s t i r r e d  d u rin g  i r r a d i a t i o n  by means o f  

r o t a t i o n  o f  a q u a r tz  p ad d le  i n  a  la b o ra to ry  s t i r r e r  (S tanhope S e ra  

L td .)  a t  ap p ro x im a te ly  600 r .  p.m.

F luenee R ate D e te rm in a tio n  f o r  U l t r a v i o l e t  R a d ia tio n s

The f lu e n c e  r a t e s  o f  UV r a d ia t io n s  re c e iv e d  by c e l l

su sp e n s io n s  w ere m easured  u s in g  a n  O rie l  7102 th e rm o p ile  (O r ie l  

Corp. o f Am erica) i n  c o n ju n c tio n  w th chem ical a c tin o m e try . The 

th e rm o p ile  was mounted i n  a s l i d i n g  bench sa d d le  b e s id e  th e  c u v e t te  

such t h a t  th e  d e te c to r  w as c o in c id e n t w ith  th e  in s id e  f r o n t  fa c e  o f

th e  c u v e t te  when moved a c r o s s  in t o  th e  r a d i a t i o n  beam. O utput

v o l ta g e s  w ere  m easured on a  m ic ro v o lta m e te r  (K e ith le y  In s tru m e n ts  

Model 150B).

N orm ally, c o n v e rs io n  o f  th e  in c id e n t  energy  from m ic ro v o l ts  t o  

-2  -1J o u le s  m s  a r e  made w ith  r e fe re n c e  to  th e  c a l i b r a t i o n  f a c t o r  of 

th e  th e rm o p ile  o b ta in e d  by chem ical a c tin o m e try  (H a tch a rd  and

P a rk e r , 1956). However, t h i s  assum es a un ifo rm  f lu e n c e  r a t e  

re c e iv e d  on th e  w hole a r e a  o f th e  c u v e t te  (o b serv ed  a s  a u n ifo rm  

1 im age1) which co u ld  n o t a lw ay s be o b ta in e d  w ith  th e  Bausch and Lomb 

m onochrom ator. F u rth e rm o re , t h i s  image changed f o r  d i f f e r e n t  lam ps 

o r a s  a p a r t i c u l a r  lam p ag ed . R egarding  th e  254 nn i r r a d i a t i o n  u s in g
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th e  penray  lam ps, th e  th e rm o p ile  r e a d in g  w as so low th a t  i t  was v e ry  

d i f f i c u l t  to  o b ta in  an  a c c u ra te  re a d in g .  The s i t u a t i o n  was re n d e re d  

more c o m p lica ted  due to  th e  r a d ia n t  h e a t  d e te c te d  by th e  th e rm o p ile . 

T h e re fo re , chem ica l a c tin o m e try  was v e ry  much r e l i e d  upon and a lw ays 

perform ed  a t  th e  b eg in n in g  o f  every  ex p erim en t. The th e rm o p ile  

re a d in g s  se rv e d  to  check w h e th e r th e  f lu e n c e  had rem ained  c o n s ta n t  

th ro u g h o u t an  e x p e rim e n t.

P o tassium  f e r r i o x a l a t e  a c t in o m e try  r e l i e s  on th e  l i g h t

2+c a ta ly s e d  p ro d u c tio n  o f  Fe io n s  i n  a  s o lu t io n  o f  K^FeCCgO^)^. The 

s o lu t io n  a b so rb s  l i g h t  co m p le te ly  in  th e  UV re g io n , th e  quantum 

y ie ld  o f  th e  r e a c t io n  i s  p r a c t i c a l l y  c o n s ta n t  th ro u g h o u t th e  UV 

re g io n  and th e  y i e ld  i s  in d e p en d en t o f th e  f lu e n c e  r a t e .  

A ctinom etry  was perform ed  under re d  l i g h t  a c c o rd in g  to  th e  m ethod o f 

J a g g e r  (1967) i a s  d e s c r ib e d  i n  Appendix 2 . A c a l i b r a t i o n  cu rv e  of 

o p t i c a l  d e n s i ty  a t  510 nm a g a in s t  amount o f f e r r o u s  io n  (a s  

d e te rm in e d  by K e llan d , 1984, F ig . A1) was used  t o  a s c e r t a i n  th e  

amount o f f e r r o u s  io n  form ed by th e  r a d i a t i o n .  From t h i s ,  a f lu e n c e  

r a t e  w as c a lc u la te d  by a p p l ic a t io n  o f  th e  c o n s ta n ts  p e r ta in in g  to  

th e  w av e len g th  chosen . A number o f f lu e n c e s  w ere o b ta in e d  f o r  

d i f f e r e n t  tim e  ex p o su re s  a t  a p a r t i c u l a r  m onochrom atic w av e len g th  

and a n  av e ra g e  f lu e n c e  r a t e  f o r  a  p a r t i c u l a r  experim en t was 

c a lc u la te d .

2 .1 .1  B road-band R a d ia tio n  S o u rces

For b road-band  i r r a d i a t i o n ,  th e  a p p a ra tu s  shewn 

d ia g ra m m a tic a lly  in  F ig . 13» c o n s is t in g  o f  two 18n lam ps mounted 

h o r iz o n ta l ly  i n  a  m eta l box, was u sed . For b road-band  near-UV 

i r r a d i a t i o n  two F1518 1 B la c k -L ig h t Blue* lamps (15W, G eneral

E l e c t r i c ,  U l t r a v i o l e t  P ro d u c ts )  and f o r  b road-band  far-U V
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FRONT ELEVATION SIDE ELEVATION

F ig u re  13. Diagram of the housing used f o r  broad-band i r r a d i a t i o n .

1. P o s i t io n  o f  lamps
2. Front opening
3. Support f o r  p l a t e s
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F ig u re  14. Em ission s p e c t r a  f o r  (A) s h o r t  wave G15T8 (15W)
(B) lo n g w a v e  F15T8 (15W) lamps. 

( In s t ru m e n ta t io n  u n c a l ib r a t e d  fo r  w aveleng ths  l e s s  th a n  2 0 0  nm 
or g r e a t e r  than  9 0 0 nm).



i r r a d i a t i o n  two G15© (15W, C oast Wave, U l t r a v io le t  P ro d u c ts )  lam ps

w ere u sed . The em iss io n  s p e c t r a  fo r  bo th  lam ps a s  o b ta in e d  from  th e

m a n u fa c tu re rs  a r e  shewn i n  F ig . 14.

P la te s  w ere i r r a d i a t e d  e i t h e r  a t  a d is ta n c e  o f 8 cm from  th e

lam ps (near-UV) th ro u g h  t h e i r  l i d s  o r a t  a d is ta n c e  o f 16 cm from

th e  lam ps w ith o u t l i d s  (fa r-U V ).

The f lu e n c e  r a t e  o b ta in e d  by chem ical a c tin o m e try  assum ing

—2 —1t h a t  365 nm and 254 nm w ere  m ostly  d e l iv e re d  was 30 Jm s  fo r

- 2 - 1broad -b an d  near-UV i r r a d i a t i o n  and 18 Jm s fo r  far-U V  

i r r a d i a t i o n .  However, th e se  f lu e n c e s  a r e  only  a p p ro x im a tio n s, due to  

th e  a ssu m p tio n s  made, and i n  th e  ex p erim en ta l s e c t io n  bo th  membrane 

damage and l e t h a l i t y  r e s u l t i n g  from b road-band  i r r a d i a t i o n s  w i l l  be 

e x p re s se d  r e l a t i v e  to  th e  d u ra tio n  o f  i r r a d i a t i o n  r a t h e r  th a n  th e  

f lu e n c e  re c e iv e d .

2 .1 .3  Gam m a-Radiation Source

For r o u t in e  p r e p a ra t io n  o f  fe e d e r  l a y e r s  p r io r  to  e x p e r im e n ts

137and f o r  one s e t  o f s u rv iv a l  ex p erim en ts , a  Cs so u rce  (Gravatom

I n d u s t r i e s  L td , England) o f  abou t 2000 Ci was used . T h is  i s o to p e

h a s  a  p h y s ic a l h a l f - l i f e  o f 30 y e a rs  and e m its  gamma r a y s  o f  ab o u t

0 .6 6 2  MeV. A sch em a tic  d iagram  o f t h i s  sou rce  i s  shewn i n  F ig . 15.

The i r r a d i a t i o n  u n i t  had a v e r t i c a l  r a d i a t i o n  beam w ith

ex p o su re  chamber b u i l t  from  lo c k in g  le a d  b r ic k s .  A le a d  door w ith  a

137s a f e ty  lo c k  p ro v id e d  a c c e s s  t o  th e  cham ber. The Cs so u rc e  was 

mounted such  t h a t  i t  co u ld  be drawn h o r iz o n ta l ly  in to  th e  e x p o su re  

p o s i t i o n  by means o f  an e l e c t r i c  d r iv e .  Exposure tim es  co u ld  be 

c o n t r o l le d  a u to m a tic a l ly  u s in g  th e  p r e s e t  tim e c o u n te r , o r m an u a lly  

by u s in g  th e  ’ e x p o su re -re tu rn *  b u tto n s  on th e  c o n tro l  p a n e l.

-  64 -



v<vv

137Figu re  15. V e r t ic a l  s e c t io n  o f  Gravatom Cs source  

1371. Cs source  6 . I r r a d i a t i o n  chamber
2. Control panel 7 . Lead s h i e l d
3. Drive u n i t  8 . Source lo c k
4. F a i l s a f e  w eigh t 9. Lab Jack
5. P o s i t io n  o f  i r r a d i a t i o n  v e s s e l  (see  F ig . 16)



The i r r a d i a t i o n  v e s s e l  u sed  f o r  assessm en t o f  c e l l  s u rv iv a l  

(shown i n  F ig . 16) c o n s is te d  o f  a  pyrex  g la s s  v e s s e l  o f d ia m e te r  50 

mm and d ep th  35 mm, f i t t e d  w ith  a g la s s  tu b in g  f o r  sam pling . I t  was 

mounted on to p  o f  a  m e ta l c y l in d e r  a t  a d is ta n c e  o f 23 cm from  th e  

bottom  o f th e  so u rc e . For th e  p re p a ra t io n  o f  fe e d e r  l a y e r s ,  c e l l s  

w ere i r r a d i a t e d  i n  125 ml Flow b o t t l e s  m ounted on to p  o f  th e  m e ta l 

c y l in d e r  and e le v a te d  to  th e  n e a re s t  p o in t o f th e -s o u rc e  by means o f  

a  l a b  ja c k  a s  shown i n  F ig . 15.

D osim etry

137The Cs dose r a t e  was m easured u s in g  th e  F r ic k e  d o s im e try  

system  (s e e  Appendix 3 ) .  In  t h i s  m ethod, th e  o x id a t io n  o f  f e r r o u s  

io n s  to  f e r r i c  io n s  i n  th e  p re sen ce  o f oxygen, d e te rm in ed  by d i r e c t  

sp ec tro p h o to m e try  o f th e  d o s im e te r  s o lu t io n ,  p ro v id e s  a  d i r e c t  

m easure o f th e  energy  abso rb ed  due to  io n iz in g  r a d i a t i o n .

At th e  p o s i t io n  w here i r r a d i a t i o n s  i n  th e  v e s s e l  w ere  c a r r i e d
_ i

o u t ,  th e  gamma dose r a t e  was c a lc u la te d  a s  103 ra d s  m in , w hereas 

a t  th e  n e a re s t  p o in t  to  th e  so u rc e , th e  dose r a t e  was c a lc u la te d  a s  

500 ra d s  m in~^; th e r e f o r e  a  s ta n d a rd  tim e  o f 10 m in u tes  was a lw ay s 

used  f o r  th e  i r r a d i a t i o n  o f  c e l l  su sp e n s io n s  to  be used  a s  a  f e e d e r  

l a y e r .

2 .2  I r r a d ia t io n  P roced u res

2 .2 .1  P ro ced u re  for  UV I r r a d i a t i o n  o f  C e l ls  i n  S u sp en sio n

The r a d i a t i o n  so u rc e s  w ere a lw ays a llo w ed  tim e  to  fwarm up*, i n  

th e  case  o f th e  penray  lamp f o r  20 m inu tes  and i n  th e  case  o f  th e  

su p er p re s s u re  m ercury  vapour lam p fo r  a t  l e a s t  30-60 m in u tes . Hie 

i r r a d i a t i o n  c u v e t te  was th e n  p o s it io n e d  on th e  o p t i c a l  bench a t  a 

h e ig h t  and d is ta n c e  from  th e  so u rce  such t h a t  th e  f r o n t  fa c e  o f  th e  

c u v e t te  was w i th in  th e  f i e l d  o f  i l lu m in a t io n .  The th e rm o p ile  was
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P l a n

F r o n t  E l e v a t i o n

I J

F ig u re  16. Diagram of i r r a d i a t i o n  v e s s e l

1. G assing tube
2 .  P o s i t io n  o f  su spens ion  f o r  i r r a d i a t i o n
3 . O u t le t  f o r  sampling I



te m p o ra r ily  moved i n t o  th e  r a d i a t i o n  beam and a  number o f m ic ro v o lt  

r e a d in g s  was ta k e n  t o  s e rv e  a s  a  r e fe re n c e  f o r  th e  s t a b i l i t y  o f  th e  

lam p th ro u g h o u t th e  ex p e rim en t. With th e  i r r a d i a t i o n  c u v e t te  moved 

i n t o  p o s i t io n  a g a in , chem ical a c tin o m e try  was perform ed  on fo u r  

d i f f e r e n t  sam ples. The a v e ra g e  o f  c a lc u la te d  f lu e n c e s  w ere  u sed  to  

c a l c u la t e  th e  in c id e n t  f lu e n c e  r a t e .  A fte r t h i s  d e te rm in a tio n , th e  

c u v e t te  was r e p e a te d ly  r in s e d  w ith  s t e r i l e  d i s t i l l e d  w a te r ,  w h ile  

s t e r i l e  PBS was used  f o r  th e  l a s t  r i n s e .  At t h i s  s ta g e ,

d e te rm in a tio n  o f  th e  te m p e ra tu re  in s id e  th e  c u v e t te  was made and any 

a d ju s tm e n ts , i f  needed, on th e  te m p e ra tu re  o f th e  w a te r  b a th  o r th e  

r a t e  o f  c i r c u l a t i o n  th ro u g h  th e  ja c k e te d  c u v e t te  made. The s t i r r i n g  

p a d d le  was th e n  moved i n t o  p o s i t io n  and sw itch ed  on. S t e r i l i z a t i o n  

o f  th e  c u v e t te  was a c h ie v e d  by ex posu re  to  th e  254 nn o u tp u t o f  a  

penray  lamp, mounted a  few c e n t im e te r s  i n  f r o n t  o f th e  c u v e t te ,  fo r  

20 m in u tes .

At th e  end o f  t h i s  p e r io d  a  3 nil volume o f th e  c e l l  su sp e n s io n  

was t r a n s f e r r e d  to  th e  s t e r i l e  i r r a d i a t i o n  c u v e t te  and  a llo w ed  5 

m in u tes  to  e q u i l i b r a t e  a t  th e  c o r r e c t  te m p e ra tu re . The c e l l  

su sp e n s io n  was th e n  exposed  to  g rad ed  f lu e n c e s  o f  UV r a d i a t i o n  and  a 

sam ple removed from  th e  c u v e t te  bo th  a s  a c o n tro l  and a f t e r  each  

f lu e n c e  fo r  assessm en t o f v i a b i l i t y .

C o rre c tio n  o f  F luence  Due to  C e ll C o n c e n tra tio n

In  e x p e rim e n ta l w ork in v o lv in g  th e  i r r a d i a t i o n  o f  c e l l s  i n  

su sp e n sio n  w ith  UV r a d i a t i o n  o f  w av e len g th s  belcw 380 nm, p a r t  o f 

th e  r a d i a t i o n  becomes ab so rb ed  o r  s c a t t e r e d  by th e  c e l l s  w hich  

r e s u l t s  i n  c e l l s  n e a r  th e  r e a r  su rfa c e  o f th e  c u v e t te  r e c e iv in g  a 

sm a lle r  UV f lu e n c e  th a n  th o se  a t  th e  f r o n t .  Rapid s t i r r i n g  o f  th e  

c e l l s  e l im in a te s  t h i s  n o n -u n ifo rm ity  but o v e r a l l ,  th e  dose r e c e iv e d  

by th e  c e l l s  i s  l e s s  th a n  th e  one c a lc u la te d  by d o s im e try .
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T h e re fo re , th e  f lu e n c e  r e d u c t io n  r e s u l t i n g  from  10^ c e l l s /m l ,  w hich 

was th e  c o n c e n tr a t io n  a t  w hich c e l l s  w ere  I r r a d i a t e d  i n  th e s e  

s tu d ie s  w as d e te rm in e d  and a  f lu e n c e  c o r r e c t io n  a p p lie d .

The c o r r e c t io n  was based  on a n  a c c u ra te  d e te rm in a tio n  o f  th e

o p t i c a l  d e n s i t i e s  o f  d i f f e r e n t  c e l l  c o n c e n tr a t io n s  (M orowitz, 1950).

T h is  c o r r e c t s  f o r  th e  s im p le  a b s o rp t io n  o f  a  photon by a  c e l l ,  th e

p assage  o f a  pho ton  th ro u g h  th e  c e l l  su sp e n s io n  w ith o u t e n c o u n te r in g

a c e l l  ( s ie v e  e f f e c t )  and th e  s c re e n in g  o f  c e l l s  a t  th e  r e a r  o f th e

sam ple by o th e r  c e l l s  ( s h ie ld in g  e f f e c t ) .  Normally d e te rm in a tio n  o f

th e  o p t i c a l  d e n s i ty  of th e  c e l l  su sp e n s io n  i s  made u s in g  a

sp e c tro p h o to m e te r , bu t a s  J a g g e r  .e t a l .  ,(1 9 7 5 ) p o in te d  o u t,  i f  th e

l i g h t  i s  s c a t t e r e d  a p p re c ia b ly  by th e  sam ple, th e n  a  pho ton  w hich

h as  t r a v e r s e d  m ost or a l l  o f th e  sam ple may be s c a t t e r e d

s u f f i c i e n t l y  to  m iss  th e  d e t e c to r ,  due to  th e  la r g e  sam pi e - d e te c to r

d is ta n c e .  T h is  w as shewn e x p e r im e n ta lly  by Keyse (1 9 8 3 ).

T h e re fo re , d e te rm in a tio n  o f  th e  o p t i c a l  d e n s ity  was made u t i l i z i n g

th e  O r ie l  7201 th e rm o p ile  p o s i t io n e d  d i r e c t l y  a g a in s t  th e  back o f

th e  c u v e t te ,  w hich red u ce d  th e  s a m p ie -d e te c to r  d is ta n c e  to  ab o u t 3

mm. U sing t h i s  a rran g em en t, th e  o p t i c a l  d e n s i t i e s  o f  c e l l

4 6c o n c e n tra t io n s  betw een 5 x 10 and 10 c e l l s /m l  w ere d e te rm in ed , 

u s in g  PBS a lo n e  a s  a  b la n k , fo r  th e  3 d i f f e r e n t  w av e len g th s  used  f o r  

c e l l  i r r a d i a t i o n  (se e  T ab le  A3 and F ig . A3 in  Appendix 4 ) .  The 

r e d u c t io n  i n  t r a n s m is s io n  r e l a t i v e  to  th e  b lan k  , cou ld  be r e l a t e d  

to  a  c o r r e c t io n  f a c t o r ,  by u s in g  th e  l i n e a r  p o r t io n  o f  th e  cu rve  i n  

F ig . A4 in  w hich th e  d a ta  o f M orowitz (1950) fo r  r a p id ly  s t i r r e d  

c e l l s  i s  d e p ic te d .  The c o r r e c t io n  f a c t o r s  o b ta in e d  a t  254 nm, 313 nm 

and 365 nm w ere  0 .9 4 5  , 0 .9 8 3 , and 0 .9 8 9 , r e s p e c t iv e ly .  A l a r g e r  

r e d u c t io n  i n  t r a n s m is s io n  due to  a  l a r g e r  c e l l  a b s o rp tio n  i s  

o b se rv ed  a t  254 nm s in c e  th e  n u c le ic  a c id s  and p r o te in s  i n  th e  c e l l s
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ab so rb  th e  in c id e n t  r a d i a t i o n  more e f f e c t iv e l y .  The c o r r e c t io n  

f a c t o r s  o b ta in e d  w ere  u sed  to  c a lc u la te  th e  a p p r o p r ia te  tim e 

ex p o su res  to  g iv e  th e  f lu e n c e s  r e q u ir e d  a t  a  p a r t i c u l a r  w av e len g th  

b e fo re  each e x p e rim en t.

2 .2 .2  P rocedu re  f o r  UV I r r a d i a t i o n  o f  C e l ls  A ttach ed  on P la t e s

P la te s  c o n ta in in g  th e  a p p ro p r ia te  number o f c e l l s  w hich had

been a llo w ed  to  a t t a c h  f o r  H8 h o u rs  p r io r  to  i r r a d i a t i o n  w ere 

removed from  th e  in c u b a to r .  T h e ir  medium was c o l le c te d  and th e  

p la te s  w ashed tw ic e  w ith  5 ml s t e r i l e  PBS. Then 10 nil o f PBS was 

added and i r r a d i a t i o n  w as c a r r i e d  o u t w ith  th e  a p p ro p r ia te  f lu e n c e s .  

At th e  end o f  each  i r r a d i a t i o n ,  th e  PBS was r e p la c e d  by 10 ml o f 

'c o n d i t io n e d ' medium, . i . e . ,  th e  medium i n  w hich th e  c e l l s  w ere 

grown. P la te s  w ere  g a sse d  and r e tu rn e d  i n  t h e i r  boxes t o  th e  

in c u b a to r  a t  37°C w here th ey  w ere a llo w ed  2-3 weeks f o r  co lony  

fo rm a tio n .

2 . 2 . 3  P ro ced u re  f o r  Gamma I r r a d i a t i o n  o f  C e l ls  i n  S u sp en sio n

5 -1A 10 ml volume o f  a  10 c e l l s  ml c o n c e n tra t io n  was p ip e t te d  

in t o  th e  s t e r i l e  i r r a d i a t i o n  v e s s e l .  Oxygen, f i l t e r e d  th ro u g h  a

s e r i e s  o f  c o t to n  p lu g s  was blown ov er th e  su sp e n sio n  i n  o rd e r  to

e n su re  m ix ing  o f  th e  s u sp e n s io n  th ro u g h o u t th e  experim en t so t h a t  

th e  c e l l s  r e c e iv e d  th e  same dose and p ro v id e  f u l l y  oxygenated  

c o n d i t io n s  w hich m ig h t a f f e c t  s e n s i t i v i t y .  As th e  ex p e rim en ts

l a s t e d  on ly  8 m in u tes  a t  th e  m ost, a d d i t io n a l  means o f  k eep in g  th e

c e l l s  i n  su sp e n s io n  w ere  n o t c o n s id e re d  n e c e ssa ry . The su sp e n s io n  

was exposed t o  g rad ed  d o se s  o f  gamma r a y s  and a f t e r  each  ex p o su re  

tim e a sam ple w as rem oved f o r  th e  assessm en t o f v i a b i l i t y .  These 

sam ples w ere t r a n s f e r r e d ,  covered  i n  alum inium  f o i l ,  to  th e  la m in a r
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flew  c a b in e t  w here d i l u t i o n s  and p la t i n g  w ere c a r r i e d  o u t i n  th e  

normal way.

A ll m a n ip u la tiv e  p ro c e d u re s  w ere c a r r i e d  o u t a t  room 

te m p e ra tu re  under re d  l i g h t  from  A tla s  f lu o r e s c e n t  tu b e s .

3 .  TREATMENT OF DATA

The s u rv iv a l  o f i r r a d i a t e d  human f i b r o b l a s t s  was e x p re s se d  

g r a p h ic a l ly  by p lo t t i n g  th e  s u rv iv in g  f r a c t i o n  (N/Nq) ,  on a 

lo g a r i th m ic  s c a le ,  a g a in s t  th e  amount o f r a d i a t i o n  re c e iv e d  

e x p re s se d  a s  th e  f lu e n e e .

In  most c a s e s ,  th e  s u rv iv a l  c u rv e s  o b ta in e d  c o n s is te d  o f  an  

i n i t i a l  sh o u ld e r  fo llo w e d  by an e x p o n e n tia l  p o r t io n  and c o u ld  be

d e s c r ib e d  by th e  e x p re s s io n

„ .  „  -kDN/Nq = ne

w here N/N^ i s  th e  s u rv iv in g  f r a c t i o n

D i s  th e  UV f lu e n c e

k i s  a m easure o f th e  s lo p e  o f th e  l i n e a r  p o r t io n  o f  th e

su rv iv o r  cu rve

n i s  a m easure o f th e  e x t r a p o la t io n  o f  th e  cu rv e  w ith  th e

y - a x is

V isu a l in s p e c t io n  o f  th e  c u rv e s  showed t h a t  th e  b a s ic  sh ap e ,

i . £ .  th e  w id th  and e x te n t  o f  th e  sh o u ld e r v a r ie d  w ith  e x p e rim en ta l 

c o n d i t io n s  such a s  th e  w av e len g th  o f i r r a d i a t i o n ,  th e  te m p e ra tu re  

d u r in g  i r r a d i a t i o n  o r  th e  p re sen ce  o f o th e r  a g e n ts  b e fo re , d u rin g  o r 

a f t e r  i r r a d i a t i o n .  For each  group o f  ex p e rim en ts , a l l  th e  d a ta  

p o in t s  w ere p lo t te d  to g e th e r  and th e  w id th  o f th e  sh o u ld e r was

e s t im a te d  by eye, a s u b je c t iv e  p ro ced u re . The rem a in in g  d a ta  p o in t s
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w ere s u b je c te d  t o  l e a s t  s q u a re s  l i n e a r  r e g r e s s io n  a n a ly s i s ,  each 

in d iv id u a l  ex p erim en t b e in g  a n a ly se d  s e p a r a te ly .

In  th e  t a b l e s  c o n s tru c te d ,  each s u rv iv a l  cu rv e  i s  r e p re s e n te d  

by i t s  s lo p e  and  y - a x i s  in t e r c e p t  w ith  t h e i r  a s s o c ia te d  e r r o r s .  

F ran  th e s e ,  th r e e  p a ra m e te rs  w ere c a lc u la te d  and u sed  to  d e s c r ib e  

each cu rv e , D^, and D ^ .  The v a lue  i s  th e  f lu e n c e  r e q u ir e d  to  

red u ce  s u rv iv a l  to  37 p e r c e n t i n  th e  e x p o n e n tia l p o r t io n  o f  th e  

cu rv e  and i s  e q u iv a le n t  to  th e  in v e rs e  o f th e  s lo p e  of th e  

s t r a i g h t - l i n e  p o r t io n  o f  th e  cu rve m u l t ip l ie d  by 2 .3 0 3 . The

v a lu e , d e te rm in ed  by e x t r a p o la t in g  th e  l i n e a r  p o r t io n  o f  th e  cu rv e  

to  100 p e r  c e n t s u rv iv a l  i s  a m easure o f th e  w id th  o f th e  sh o u ld e r . 

The D.jq v a lu e , th e  f lu e n c e  r e q u ir e d  to  red u ce  s u rv iv a l  to  10 p e r 

c e n t ,  i s  a  u s e fu l  p aram ete r s in c e  i t  r e f l e c t s  bo th  th e  s i z e  o f th e  

sh o u ld e r  and th e  s lo p e  o f th e  e x p o n e n tia l d e c l in e .  These p a ram e te rs  

w ere chosen  so a s  to  f a c i l i t a t e  com parison w ith  m ost p u b lish e d  w ork. 

The s t a t i s t i c a l  a n a ly s e s  a p p l ie d  to  th e  s u rv iv a l  p a ra m e te rs  o b ta in e d  

a r e  g iv e n  i n  A ppendix 5 and th e  s u rv iv in g  f r a c t i o n s  f o r  th e  

ex p e rim e n ts  i n  th e  t e x t  a r e  l i s t e d  by experim en t number i n  Appendix 

8 .
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THE EFFECT OF THE IRRADIATION TEMPERATURE ON THE SENSITIVITY OF THE 

NORMAL SON FIBROBLAST STRAIN GM730 TO SPECIFIC MONOCHROMATIC 

WAVELENGTHS

A m ajor co n ce rn  th ro u g h o u t th e se  s tu d ie s ,  w hich a re  

p r in c ip a l ly  d i r e c te d  tow ards i n v e s t ig a t in g  th e  re sp o n se  o f human 

f i b r o b l a s t s  to  near-UV in a c t iv a t in g  f lu e n c e s ,  has  been t o  i d e n t i f y  

and c o n t ro l  f a c t o r s  w hich m odify t h i s  re s p o n s e . The in f lu e n c e  o f

any such f a c t o r s  was compared w ith  th e  co rre sp o n d in g  e f f e c t  a t  

s h o r te r  w a v e le n g th s , in  p a r t i c u l a r  254 nm, s in c e  more i s  known 

ab o u t th e  m echanism s o f  i n a c t iv a t io n  by t h i s  w av e len g th .

A rev iew  o f th e  l i t e r a t u r e  c o n ce rn in g  th e  UV s e n s i t i v i t y  o f 

human c e l l s  r e v e a l s  t h a t  th e  te m p e ra tu re  d u r in g  th e  i r r a d i a t i o n  

p e r io d  h a s  n o t a lw ay s been s t r i c t l y  c o n t ro l le d ,  e s p e c ia l ly  i n  

s tu d ie s  w here i r r a d i a t i o n  o f  a t ta c h e d  c e l l s  w as c a r r i e d  o u t .  W ith 

th e  e x p e rim en ta l f a c i l i t i e s  a v a i l a b l e  f o r  t h i s  s tu d y , i r r a d i a t i o n  o f  

th e  c e l l  su sp e n s io n  i n  a ja c k e te d  c u v e t te  a llo w ed  c o n t ro l  o f th e

te m p e ra tu re  to  ±_ 0 .5 °C . In  th e  p a s t ,  i r r a d i a t i o n s  w ere r o u t in e ly

c a r r i e d  o u t a t  0°C to  a v o id  co n co m itan t r e p a i r  d u rin g  th e  

i r r a d i a t i o n  p e r io d . However, t h i s  d e v ia te s  from th e  i s  v iv o  

s i t u a t i o n  w here th e  c e l l  w ould re sp o n d  to  UV damage w h ile  b e in g  a t  a  

te m p e ra tu re  c lo se  to  37°C. With t h i s  co n ce rn , and fo llo w in g  th e

i n i t i a l  o b s e rv a tio n  o f  Keyse (1983) t h a t  th e  s u rv iv a l  re sp o n se  o f 

1BR f i b r o b l a s t s  to  365 nn a t  25°C shews in c re a s e d  r e s i s t a n c e  to  

in a c t iv a t io n ,  th e  e f f e c t  o f te m p e ra tu re  d u r in g  th e  i r r a d i a t i o n  o f  

th e  normal GM730 c e l l  l i n e  w as s tu d ie d .
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The E f f e c t  o f  th e  I r r a d ia t io n  Tem perature on th e  Near-UV r—1

S e n s i t i v i t y  o f  GMT30 C e l l s

The re sp o n se  o f  GM730 c e l l s  fo llo w in g  365 nm i r r a d i a t i o n  a t  

0°C, 25°C and 37°C i s  shown i n  F ig u re s  17, 18 and 19, r e s p e c t iv e ly ,

w here th e  d a ta  f o r  a l l  th e  in d iv id u a l  ex p erim en ts  a r e  p re s e n te d . 

The s u rv iv a l  p a ra m e te rs  w hich d e s c r ib e  th e  in d iv id u a l  ex p e rim en ts  a t  

each  te m p e ra tu re  a r e  l i s t e d  i n  T ab le  2 w h ile  th e  d a ta  f o r  th e se  

e x p e rim en ts  and a l l  ex p erim en ts  r e f e r r e d  to  i n  t h i s  w ork, a re  

in c lu d e d  i n  A ppendix 8 .

The r e s u l t s  o f  seven  ex p e rim en ts , c o v e rin g  a th r e e  y e a r  

p e r io d , w hich show th e  in a c t iv a t io n  o f  GM730 c e l l s  by 365 nm 

r a d i a t i o n  a t  0°C, a r e  shown i n  F ig . 17. The su rv iv o r  c u rv e s  a r e  

c h a r a c te r iz e d  by an i n i t i a l  sh o u ld e r , fo llo w ed  by an e x p o n e n tia l  

p o r t io n  th ro u g h  two lo g  c y c le s  o f in a c t iv a t io n .  Throughout th e  

ex p e rim en ta l p e r io d , no e f f e c t  o f serum b a tch  on th e  s u rv iv a l  

c h a r a c t e r i s t i c s  o f  GM730 was d e te c te d , a lth o u g h  th e r e  w as a 

d i f f e r e n c e  i n  th e  p la t in g  e f f ic ie n c y  of th e  c e l l  l i n e  w hich ran g ed  

from 8 per c e n t to  33 p e r c e n t .  S im ila r ly ,  no e f f e c t  o f th e  c e l l  

p assage  number w hich was a lw ays betw een 10 and 20 co u ld  be seen .

F ig u re  18 shows th e  re sp o n se  of th e  same c e l l  l i n e  under 

s im i la r  grcw th and i r r a d i a t i o n  c o n d it io n s  ( s t i r r i n g ,  f lu e n c e  r a t e s )  

b u t a t  th e  te m p e ra tu re  o f 25°C. I t  can be n o ted  t h a t  th e r e  was a 

d e c re a se  o f  th e  sh o u ld e r  r e g io n  r e l a t i v e  to  th e  r e s u l t  o b ta in e d  a t  

0°C and a  s i g n i f i c a n t  d e c re a se  i n  th e  r a t e  o f i n a c t iv a t io n .  The 

w id e r ran g e  o f re sp o n se  o b ta in e d  may r e f l e c t  a v e ry  d e l i c a t e  b a lan ce  

o f c e l l u l a r  a c t i v i t i e s  a t  t h i s  te m p e ra tu re , a s  w i l l  be d is c u s s e d  

l a t e r .
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Figure 17. The in a ctiv a tio n  of GM730 normal skin  fib ro b la sts  by
365m , irrad iated  a t 0 C. The d ifferen t s e ts  o f symbols
represent the r e su lts  o f rep lica te  experiments.



SU
RV

IV
IN

G
 

FR
AC

TI
O

N

0.01
6000 100 200 300 400 600

UV FLUENCE KJm-2

Figure 18. The in a c tiv a tio n  of GM730 normal skin f ib r o b la sts  by
365nm, irrad iated  a t 25°C. The d ifferen t se ts  of symbols
represent the r e s u lt s  o f rep lica te  experiments.
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Figure 1Q. The in a c tiv a tio n  o f GM730 normal skin f ib r o b la s ts  by
365nm, irrad iated  at 37°C. The d ifferen t s e t s  of symbols
represent the r e s u lt s  of rep lica te  experiments.
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Figure 20 . The comparative response of GM730 c e l l s  to  365nn
irrad ia tion  a t 0 C ( V , ------------- ) ,  25 C ( o ,   )
and 37°C (*f- , ----------- ) .



TABLE 2

SURVIVAL PARAMETERS FOR THE INACTIVATION OF GMT30 CELLS BT 365 NM 

IRRADIATED AT DIFFERENT TEMPERATURES

Expt. Slope S tan d a rd I n te r c e p t
T em perature No. ( Jm" ) D e v ia tio n y - a x is

0°C 1 5.60x10"? 1.19x10“7 6.25x10"]
2 5.93x10"? 2.09x10",! 5 .86x10"!
3 4 .42x10"° 3 .4 6 x 1 0 " ' 4 .0 1 x 1 0 " '
4 4 .77x10"° 2 .15x10"! 4.97x10"!
5 3 .56x10"° 5 .3 3 x 1 0 "; 1.71x10"!
6 5 .35x10"° 3 .43x10"! 5 .35x10"!
7 3.32x10 4 .0 9 x 1 0 " ' 8.90x10

Mean 4.71X10"6 4 .1 5 x 1 0 "1

25°C 8 1.80x10"^ 1 .29x10"! - 7 .78x10’ p
9 6 .7 7 x 1 0 " i 7 .52x10"° 3 .15x10“f

10 1.43x10"° 1 .64x10"! - 1 .58x10“ f
11 8.42x10* 1 .62x10" ' -5 .21x10

Mean 1.19X10"6 -2 .8 6 x 1 ( f2

37°C 12 8 .21x10"7 2.41X10"7 -4 .43x10"p
• 13 8 .4 5 x 1 0 " ' 1 .49x10"' 6.95x10

Mean 8 .33x10“7 3.25X10”2

DqP
Jm

S tan d a rd  DO- 
D e v ia tio n  Jm"

3 .1 9 x 1 0 "2 7 .75x10? 1.12x10]
4.26x10"^  7 .32x10?  9.88x10;
1 .0 5 x 1 0 "! 9 .82x10? 9.07x10,
6 .22x10“ ^ 9 .10x10^ 1.04x10]
1 .6 9 x 1 0 "! 1 .22x10s 4.80x10,
9 .87x10"^  8 .12x10^ 1.00x10]
1 .06x10" 1.31x10 2 .69x10

D1Q
Jm"

2.90x10
2.67x10
3.17x10
3.14x10
3.29x10
2 .87x10
3 .28x10

9 .6 3 x 1 0  8 .2 9 x 1 0  3 .0 5 x 1 0

3.99x10
2.32x10
3.30x10
3.35x10

-2
-2
-2
-2

2 .41x10S -4 .3 3 x 1 0 ?  
6 .4 1 x 1 0 s 4 .65x10?
3 .0 4 x 1 0 s -1 .1 1 x 1 0 ?  
5.16x10 -6 .1 9 x 1 0

5.12x10 
1.52x10 
6 .88x10 
1.13x10

»-2

4.61x10*

4 .2 6 x 1 0 5 -1 .7 5 x 1 0 4 9 -6 3 x 1 0 5

5 .29x10S -5 .4 0 x 1 0 ?  1.21x10? 
5.14x10 8 .23x10 1.27x10

5 .2 1 x 1 0 S 3 .8 5 x 1 0 4 1 .2 4 x 1 0 6

D ata i n  A ppendix 8 (T a b le s  A6, A7, A8)
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The i n a c t i v a t i o n  o f  Gtff30 c e l l s  by 365 nm r a d ia t io n  a t  37°C i s  

shown i n  F ig . 19 . An absence o f sh o u ld e r and a f u r th e r  d e c re a se  i n  

th e  i n a c t i v a t i o n  r a t e  can be n o ted .

In  F ig . 2 0 , th e  com parison  o f  th e  i n a c t iv a t io n  c u rv e s  o b ta in e d  

a t  each  te m p e ra tu re  i s  shown. The p o in ts  on th e  g raph r e p r e s e n t  th e  

mean v a lu e s  o b ta in e d  a t  each  f lu e n c e  f o r  a  p a r t i c u l a r  s e t  o f 

ex p e rim en ts  and th e  p a ra m e te rs  o f  th e  l i n e s  a r e  c a lc u la te d  a s  th e  

mean o f  th e  in d iv id u a l ly  r e g re s s e d  e x p e rim e n ts . T h is  i s  th e

p ro ced u re  w hich w i l l  be u s u a lly  fo llow ed  th ro u g h o u t t h i s  w ork f o r  

p r e s e n t in g  th e  d a ta .  Comparison o f  th e  s u rv iv o r  c u rv e s  a t  th e  th r e e  

te m p e ra tu re s  r e v e a l s  a d i f f e r e n c e  i n  th e  shape o f th e  c u rv e s  s in c e
_ -  O

th e  v a lu e  o f th e  sh o u ld e r  p re s e n t a t  0 C (D^O =82.9kJm“ )

d im in ish e d  a t  th e  h ig h e r  te m p e ra tu re s  o f  25° and 37°C (Dq25°=<1, 

o 2D^37 =38.5 kJnT ) .  In  p a r a l l e l ,  th e r e  w as a marked in c re a s e  i n  th e

r e s i s t a n c e  o f th e  c e l l s  to  i n a c t iv a t io n  a s  th e  i r r a d i a t i o n

te m p e ra tu re  w as in c re a s e d .  T h is  i s  r e f l e c t e d  by th e  DQ v a lu e s  w hich

a re  96 , 426 and 521 kJm”2 a t  0 ° , 25° and 37°, r e s p e c t iv e ly .  These

v a lu e s  r e p r e s e n t  ap p ro x im ate  4 - f o ld  and 5 - fo ld  in c r e a s e s  o f  c e l l u l a r

r e s i s t a n c e  to  365 nm in a c t iv a t io n  a t  25° and 37°C, compared to  0°C,
2

w hich a r e  s t a t i s t i c a l l y  s ig n i f i c a n t  (x o f 471 .32  and 495.17

r e s p e c t iv e ly ,  p < 0 .0 0 1 ) .

The E f f e c t  o f  th e  I r r a d ia t io n  Tem perature on th e  Far-OV (2 5 4 ir 1  

S e n s i t i v i t y  o f  Glf^O C e l l s

Having o b se rv ed  a s ig n i f i c a n t  in c re a s e  i n  th e  r e s i s t a n c e  o f 

GM730 c e l l s  t o  365 nm i r r a d i a t i o n  a s  th e  i r r a d i a t i o n  te m p e ra tu re  was 

in c re a s e d ,  th e  re sp o n se  to  254 nm i r r a d i a t i o n  was exam ined i n  a 

s im i la r  m anner.
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The i n a c t i v a t i o n  c u rv e s  o b ta in e d  a t  th e  th r e e  d i f f e r e n t

te m p e ra tu re s  o f  0 ° , 25° and 37°C a r e  shown i n  F ig u re s  2 1 , 2 2 , 23 and

th e  p a ra m e te rs  d e s c r ib in g  th e  in d iv id u a l  ex p erim en ts  a r e  in c lu d e d  i n

T ab le  3 . F ig . 24 i s  th e  com parison  o f  th e  mean re sp o n se  o b ta in e d  a t

each  te m p e ra tu re , each re sp o n se  be ing  re p re s e n te d  by th e  mean

s u rv iv a l  p o in ts  a t  each  f lu e n c e  and by th e  mean l i n e  c a lc u la te d  from

th e  in d iv id u a l ly  re g re s s e d  s lo p e s .

When i r r a d i a t i o n  was c a r r i e d  o u t a t  0°C, th e  re sp o n se  was

c h a r a c te r iz e d  by an i n i t i a l  sh o u ld e r , fo llow ed  by e x p o n e n tia l

-2  -2i n a c t iv a t io n  w ith  v a lu e s  o f  D^=14.7 Jm and Dq=17.7 Jm ,

r e s p e c t iv e ly .  When th e  i r r a d i a t i o n  te m p e ra tu re  was in c re a s e d  t o  2 5 °

and 37°C th e  fo llo w in g  ch anges i n  th e  s u rv iv a l  re sp o n se  co u ld  be

o b se rv ed : At 25°C th e r e  w as a  sm all in c re a s e  i n  th e  r a t e  o f

_2in a c t iv a t io n  a s  seen  by com parison  o f  th e  v a lu e s  o f  17-7 Jm a t

0°C and 14.9 Jm"2 a t  25°C. T h is  d if f e re n c e  was n o t observed  a t  37°C 
_2

(Dq=18.4 Jm ) ,  bu t a t  t h i s  te m p e ra tu re  th e r e  was a d e c re a se  i n  th e  

e x te n t  o f th e  sh o u ld e r  a s  seen  by com parison o f  th e  v a lu e s  o f  

14.7 Jm"2 a t  0°C and 4.51 Jm"2 a t  37°C. These d i f f e r e n c e s  a r e  sm all 

bu t show t h a t  i n  c o n t r a s t  to  th e  r e s u l t  a t  365 nm, th e r e  was no

in c re a s e  i n  th e  r e s i s t a n c e  o f th e  c e l l s  w ith  in c r e a s e  i n  

i r r a d i a t i o n  te m p e ra tu re . On th e  c o n tra ry , th e re  was a  sm all b u t 

s i g n i f i c a n t  d e c re a se  i n  th e  r e s i s ta n c e  o f th e  c e l l s  a s  th e  

i r r a d i a t i o n  te m p e ra tu re  w as in c re a s e d , observed  e i t h e r  a s  an  

in c re a s e d  r a t e  o f i n a c t i v a t i o n  ( a t  25°C) o r  a s  a d e c re a se d  sh o u ld e r  

( a t  37°C) r e l a t i v e  to  th e  re sp o n se  a t  0°C. Both th e se  d i f f e r e n c e s  

w ere found to  be s t a t i s t i c a l l y  s ig n i f i c a n t  a t  th e  5% p r o b a b i l i t y  

l e v e l  w ith  an  x2(1) eq u a l to  5 .7 3  and 16 .56 , r e s p e c t iv e ly .
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Figure 21. The in a c tiv a tio n  of GM730 normal skin f ib r o b la sts  by
25Hnm, irrad iated  a t 0°C. The d ifferen t s e ts  of symbols
represent the r e s u lt s  of rep lica te  experiments.
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Figure 22 . The in a c tiv a tio n  of GM730 normal skin f ib r o b la s ts  by
25Mnm, irrad iated  a t 25°C. The d ifferen t s e t s  of symbols
represent the r e s u lt s  of rep lica te  experiments.
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Figure 23. The in a c tiv a tio n  of GM730 normal skin fib ro b la sts  by
25^nm, irrad iated  a t 37°C. The d ifferen t s e ts  of symbols
represent the r e s u lt s  of rep lica te  experiments.
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F igu re  2M. The com parative response  of GM730 c e l l s  t o
i r r a d i a t i o n  a t  0°C ( v  » ---------- ) ,  25 C ( O , )
and 3 7 °C (4- , ------------ ) .



TABLE 3

SURVIVAL PARAMETERS FOR THE INACTIVATION OF GM730 CELLS BT 254 NM 

IRRADIATED AT DIFFERENT TEMPERATURES

T em perature No. (Jm )
E xpt. S lopg  ̂ S tan d a rd  I n te r c e p t  S ta n d a rd  DO,,

0°C 14
15
16
17
18
19
20

.-2

D e v ia tio n  y - a x is  

,-3 H

D e v ia tio n  

-2

Jm td22Jm
D1Q

Jm

,12.75x10 Z 1.77x10 i  4 .8 7 x 1 0 ,  7 .41x10  7 1.58x10: 1.77x10^ 5.41x10-2 -1 -1 1 ,13.25x10 ,  2.64x10 t  7 .20x10 ' 1.11x10 ;  1 .34x10j 2.22x10J 5.29x10
2.04x10 -2

-2
-3 -1 -2 ,11.17x10 % 4.23x10 ' 4 .62x10 Z 2 .1 3 x 1 0 ' 2 .0 7 x 1 0 ' 6 .98x10
-3 -1 -2 ,12 .36x10 ,  1 .9 2 x 1 0 -; 3.43x10 : 7 .73x10 7 1 .8 4 x 1 0 ' 1.45x10,1 5.69x10

2.26x10 -2
-2 4.48x10 -3

-3
-1 -11.16x10 : 1.76x10 : 1.92x10,' 5.13x101 4.94x10-1 -12 .70x10 ,  3 .5 6 x 1 0 ,  2 .4 9 x 1 0 ,  1 .4 0 x 1 0 ,  1.61x10^ 9 .23x10^ 4.63x10-22 . I8x10- t  1 .27x10”3 2.85x10” ' 5 .42x10”^ 1 .99 x 1 0 ' 1 .31 x 1 0 ' 5 .89x10-1 -2 ,1

Mean 2 .51x10“2 3.75x10” 1 1 .77x101 1 .47x101 5 .5 5 x 1 0 1

25°C 21
22
23

3-35x10” 2 
2 .59x10 p 
2.90x10

4 .33x10”3
2 .1 7 x 1 0 " j
9.82x10

5.99x10” !
3 .72x10” :
3 . 6 2 x 1 0 t 1

1.52x10” !
9.34x10”p
4.13x10

1.30x1o! 
1.68x101 
1.50x10

1.79x1o! 
1.44x101 
1.25x10

4 .77x1o! 
5 .30x10] 
4 .7 0 x 1 0 1

Mean 2 .95x10” 2 4.44X 10"1 1 .49x101 1 .49x101 4.92X101

37°C 24
25

2 .06x10”?
2 .78x10

1 .43x10"3 
1.27x10

-8 .7 9 x 1 0 "?
2.63x10

5.75x10'”?
5.43x10

2 .1 1x1o! 
1.56x10

- 4 .2 7 x 10q1
9.45x10

4 .8 1 x 1o!
4 .54x10

Mean 2 .42x10 -2 1.27x10 -1 1 .84x101 4 .51x10° 4 .6 8 x 1 0 1

D ata i n  Appendix 8 (T a b le s  A9, A10)



The E f f e c t  o f  th e  I r r a d ia t io n  Tem perature on th e  Mid-OY (313  nml

S e n s i t i v i t y  o f  GMMO C e l ia

F u r th e r  i n v e s t i g a t io n s  in v o lv e d  313 nm i r r a d i a t i o n  o f  GM730

f i b r o b l a s t s  a t  0 ° , 2 5 °  and 37°C. The in a c t iv a t io n  c u rv e s  o b ta in e d

a t  th e  th r e e  d i f f e r e n t  te m p e ra tu re s  a r e  shown i n  F ig u re s  2 5 , 26 and

27 w h ile  th e  p a ra m e te rs  d e s c r ib in g  th e  in d iv id u a l  ex p e rim en ts  a r e

in c lu d e d  i n  T ab le  4 .  F ig . 28 d e p ic ts  th e  co m para tive  re s p o n s e s

c a lc u la te d  from  th e  in d iv id u a l  ex p erim en ts .

The re s p o n s e s  o b ta in e d  a t  th e  th r e e  d i f f e r e n t  te m p e ra tu re s  i n

re sp o n se  to  313 nm i r r a d i a t i o n  a g a in  fo llo w ed  th e  r e v e r s e  p a t t e r n  o f

t h a t  o b se rv ed  a t  365 nm, i n  t h a t  th e  s e n s i t i v i t y  o f th e  c e l l s  was

p ro g re s s iv e ly  in c re a s e d  a s  th e  i r r a d i a t i o n  te m p e ra tu re  was

in c re a s e d .  T h is  i s  r e f l e c t e d  c l e a r ly  in  th e  com parison  o f  th e
_p

p a ra m e te rs  D^, and in  T ab le  4 . The v a lu e s ,  14 .2  kJm and 

14.4 kJm” 2 a t  0 °  and 25°C, r e s p e c t iv e ly ,  d ec re a se  to  9 .3  kJm” 2 a t  

37° w h ereas  th e  D v a lu e , shows th e  d im in u tio n  o f  th e  sh o u ld e r  a tq

bo th  2 5 °  and 37°C (D a t  0°=14.2  kJm*2 , a t  25°=4.2  kJm"2 and a t
Q

37°C=3.3 k J n f2 ) .  The v a lu e s  w hich r e f l e c t  bo th  th e  r a t e  of 

in a c t i v a t i o n  and th e  e x te n t  o f th e  sh o u ld e r show a  c l e a r  d rop  from  

4 6 .9  to  3 7 .4  to  24 .7  kJm"2 a t  0 ° , 25° and 37°, r e s p e c t iv e ly .
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Figure 25. The in a c tiv a tio n  o f GM730 normal skin f ib ro b la sts  by
313nm, irrad iated  a t 0°C. The d ifferen t s e ts  of symbols
represent the r e s u lt s  of rep lica te  experiments.
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Figure 26. The in a c tiv a tio n  of GM730 normal skin f ib ro b la sts  by
313nm, irrad iated  a t 25°C. The d ifferen t s e ts  of symbols
represent the r e s u lt s  of rep lica te  experiments.
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Figure 27. The in a c tiv a tio n  of GM730 normal skin f ib ro b la sts  by
313nm, irrad iated  a t 37°C .The d ifferen t s e t s  of symbols
represent the r e s u lt s  o f r ep lica te  experiments.
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F ig u re  2 8 . The com parative response  of GM730 c e l l s  t o  313nm 
i r r a d i a t i o n  a t  0°C ( V , ) ,  25 C ( O , )
and 37°C ( +  ,   ) •



TABLE 4

SURVIVAL PARAMETERS FOR THE INACTIVATION OF GMT30 CELLS BT 313 NM

IRRADIATED AT DIFFERENT TEMPERATURES

p e ra tu re
Expt.

No.
Slope 
(Jm” ) ”

S tan d a rd
D e v ia tio n

I n te r c e p t
y - a x is

S tan d a rd
D e v ia tio n tD-°2Jm tD-2Jm

D1Q
Jm”

0°C 26
27
28
29
30
31
32

2.64x10*;?
2.48x10
3.57x10
2 .63x10” °
3 .99x10” '
3 .19x10” ;:
3 .57x10

4 .30x10”5
8 .67x10“°
3 .55x10“ '
1 .55x10” °
1.74x10” ?
1.33x10”?
1.75x10”°

2.59x10” ]
3.44x10” ]
6 .05x10” ]
3 .86x10"]
5 .88x10“ ]
3 .62x10"]
6.48x10

1.82x10” !
3 .63x10” !:
1 .23x10” !
6 .08x10” ;
4 .89x10” ;
5.42x10” ;
7 .44x10

1.64x10? 
1.75x10? 
1.22x10? 
1.65x10? 
1.09x10? 
1.36x10? 
1.22x10

9.78x10?
1.39x10?
1.70x10?
1.47x10?
1.48x10?
1.13x10?
1.82x10

4.77x10?
5.42x10?
4 .50x10?
5.27x10?
3.98x10?
4.27x10?
4.62x10

Mean 3 .15x10” 5 4.56X10” 1 1.42x104 1.42x10** 4 .69x104

25°C 33
34
35

2.55x10” ^
3 .17x10*°
3.49x10

1.51x10”? 
1 .57x10”? 
3 .60x10”°

5.02x10” * 
1.90x10” ] 
1.66x10

5.26x10“ *
6 .29x10“ ^
1.29x10”

1.70x10? 
1.37x10? 
1.24x10

1.97x103
5 .9 9 x 1 0 '
4 .74x10

4.12x10?
3.75x10?
3.34x10

Mean 3 .0 7 x 1 0 "5 1.35x10“ 1 1.44x104 4 .2 3 x 1 03 3 .7 4 x 104

37°C 36
37
38

5 .97x10“ ;? 
3 .81x10“ ° 
4 .77x10"

6.65x10*5
2 .47x10”? ■ 
1.29x10

4.25x10” !
-4.42x10“^
1.94x10”

1.78x10” !
6 .20x10” ;
3.99x10

7.27x10? 
1.14x10? 
9.10x10

7 .1 2 x 1 0 3
-1 .1 6 x 1 0 '

4.07x10

2.39x10?
2.51x10?
2.50x10

Mean 4 .85x10“ 5 1.92x10“ 1 9.26x103 3*34x103 2 .47x104

D ata i n  Appendix 8 (T a b le s  A11, A12)



The E f f e c t  o f  th e  I r r a d ia t io n  Tem perature on th e  S e n s i t i v i t y  o f  

GM730 C e l l s  t o  and m  R a d ia tio n

The e f f e c t  o f th e  te m p e ra tu re  d u rin g  th e  i r r a d i a t i o n  p e r io d  on

two a d d i t io n a l  w a v e le n g th s  w as s tu d ie d  i n  o rd e r  to  d e te rm in e  w h eth er 

th e  re sp o n se  o f c e l l s  t o  w a v e le n g th s  betw een 313 and 365 nm fo llo w e d  

one o r th e  o th e r  p a t t e r n .  The in a c t iv a t io n  c u rv e s  a t  0 °  and 25°C 

fo llo w in g  325 and 334 nm i r r a d i a t i o n  a r e  shown i n  F ig s . 29 A and B 

and th e  c a lc u la te d  p a ra m e te rs  f o r  th e  in d iv id u a l  ex p e rim en ts  a r e  

found i n  T ab le  5* I t  can  be seen  t h a t  th e  re sp o n se  to  bo th

w av e le n g th s  i s  s im i la r  i n  p a t t e r n  to  th e  re sp o n se  o b ta in e d  u s in g  365

nm s in c e  c e l l s  showed in c re a s e d  r e s i s t a n c e  a t  25°C r e l a t i v e  to  0°C 

by a  f a c t o r  o f  4 .7  a t  325 and 6 .7  a t  334 when com paring th e  

v a lu e s .
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F igu re  2Q. The com parative response  of GM730 c e l l s  to  (A) 325 nm i r r a d i a t i o n  (B) 334 nm
i r r a d i a t i o n  a t  0 C ( V , --------) and 25°C ( O ,   ) .  S in g le  experim ent d e p ic te d  i n  panel (A),
mean ex perim en ta l  p o in t s  and c a l c u la te d  mean l i n e s  o f  d u p l i c a te  experim en ts  d e p ic te d  i n  panel (B) .



TABLE 5

SURVIVAL PARAMETERS FOR THE INACTIVATION OF GM730 CELLS BT 325 NM AND 334 NM

IRRADIATED AT DIFFERENT TEMPERATURES

E xpt. S lope S tan d a rd  I n te r c e p t  S ta n d a rd  D02 Dq^
T em peratu re No. (Jm” ) "  D e v ia t io n  y - a x is  D e v ia tio n  JnT Jm Jm

325

0°C 39 2 .72x10“ 5 1.54x10*6 3 .07x10*1 6 .60x10*2 1 .60x104 1 .13x104 4 . 8 1 x 1 0 4

25°C 40 5 .75x10“6 9.12x10*7 1.55x10*2 3-75x10*2 7-55x10^ 2 .70x103 1 .77x105

334

0°C 41 2 .2 0 x 1 0 * S 1.08x10*5 6.35x10*1 6 .5 2 x 1 0 * 2 1 .97x10?  2.88x1ojf  7.43x1o{!
42 2 .65x10* 3.27x10 7.83X10*1 2.03x10 1.64x10 2 .96x10 6 .73x10H

25°C

Mean 2 .4 3 x 1 0

43
44

5.87x10
2.62x10

“ 5

-6
-6

Mean 4.25x10"

9.12x10*1
2.85x10

7.09X10*1

1 .89x10"! 5.31x10*?
-2 .14x10  1.32x10

8 .3 8 x 1 0 -2

D ata i n  A ppendix 8 (T a b le s  A13, A14)

1 .8 1 x 1 0  2 .9 2 x 1 0  7 .0 8 x 1 0

7 .40x10^  3 .22x10^ 2 .03x10;
1.66x10 -8 .0 3 x 1 0  3.77x10-

1 .2 0 x 1 0 5 1.21X 104 2 .9 0 x 1 0 S



Discussion

Com parison o f  th e  above s u rv iv a l  d a ta  a t  th e  f i v e

m onochrom atic w av e le n g th s  s tu d ie d ,  w ith  o th e r  p u b lish e d  d a ta ,  i s

on ly  p o s s ib le  a t  0°C. T able 6 in c lu d e s  p u b lish e d  D*, D and
0 q 10

v a lu e s  f o r  normal human f i b r o b l a s t s  i r r a d i a t e d  i n  su sp e n s io n . I t

can  be seen  t h a t  i f  we exclude th e  r e s u l t s  f o r  1MR-91 which a r e  v e ry

d i f f e r e n t  and p e rh ap s  s p e c i f i c  to  t h a t  s t r a i n  ( i t  i s  a  lu n g

f i b r o b l a s t  in s te a d  o f  a  s k in  f i b r o b l a s t ) ,  th e r e  i s  r e l a t i v e l y  good

agreem ent w ith  o th e r  r e s u l t s .  P rev io u s  com parisons o f  GM730 c e l l

re sp o n se  to  s h o r t  and lo n g  w ave len g th  r a d i a t i o n  w ith  o th e r  norm al

human s k in  f i b r o b l a s t  s t r a i n s  1BR and 48BR (Keyse e t  a l . ,1985) found

no d i f f e r e n c e ,  so GM730 s t r a i n  was c o n s id e re d  a s  a  ty p ic a l  norm al

s t r a i n .  At 254 nm, com parison  to  Keyse e t  a l .  (1985) shows an

a p p a re n t tw o -fo ld  d i f f e r e n c e  i n  th e  s e n s i t i v i t y  o f GM730 c e l l s .

S ince th e r e  i s  b e t t e r  agreem ent betw een th e  c o rre sp o n d in g  r e s u l t s  a t

313 and 365 nm, th e  d isc re p a n c y  co u ld  be a t t r i b u t e d  to  th e

d e te rm in a tio n  o f  th e  f lu e n c e  r a t e ,  w hich was perform ed i n  a

d i f f e r e n t  m anner. In  th e  f i r s t  s tu d y  th e  f lu e n c e  r a t e  was c a lc u la te d

by th e rm o p ile  m easurem ent w ith  a llow ance  f o r  th e  h e a t  cm m itted

(Keyse e t  a l . ,  1985) w hereas i n  t h i s  s tu d y  f lu e n c e  d e te rm in a tio n  w as

based  on chem ical a c tin o m e try  re a d in g s  w hich w ere  re p e a te d  s e v e r a l

tim e s . O ther p u b lish e d  v a lu e s  o f  fo r  human f i b r o b l a s t s  i r r a d i a t e d
_p

by 254 nm a r e  betw een 2 .5 -9  Jm (Sm ith and P a te rs o n , 1982; Kraemer 

e t  a l . ,  1976; Zamansk^ e t  a l . .  1985; F u jiw a ra  and T atsum i, 1976; 

W ells  and Han, 1985) b u t r e f e r  to  f i b r o b l a s t s  i r r a d i a t e d  by 

b road-band  far-UV s o u rc e s  w h ile  a t ta c h e d  on p l a t e s  (se e  T able 2 9 ) .  

The in c re a s e d  s e n s i t i v i t y  of a t ta c h e d  c e l l s  i s  e x p e c te d  s in c e  c e l l s  

a r e  f l a t t e n e d  and th e  d is ta n c e  o f th e  c e l l  s u r fa c e  to  th e  n u c le u s
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and to  th e  c e n t r e  o f  th e  n u c le u s  i s  much s m a lle r .  As a n  exam ple, 

m easurem ents f o r  A fr ic a n  g re e n  monkey k idney  c e l l s  (CV-1) a s  

o b ta in e d  by C o o h ill _et a l . (1979) a r e  shown below :

CYTOPLASM
CYTOPLASM

SUBSTRATUM

s p h e r ic a l  c e l l  a t ta c h e d  c e l l

In  T ab le  6 i t  can a l s o  be seen  t h a t  am ongst th e  th r e e  

f i b r o b l a s t  s t r a i n s  u sed  i n  t h i s  e s ta b l is h m e n t ,  each s t r a i n  h a s  i t s  

in h e re n t  s e n s i t i v i t y .  1BR c e l l s  a r e  more s e n s i t i v e  th a n  GWT30 w hich 

i n  tu r n  a r e  more s e n s i t i v e  th a n  48 BR i n  re sp o n se  to  any w aveleng th  

u sed . T h is  makes com parisons betw een  d i f f e r e n t  normal c e l l s  from  

d i f f e r e n t  l a b o r a to r i e s  v e ry  d i f f i c u l t  even  b e fo re  s t a r t i n g  to  

c o n s id e r  o th e r  im p o r ta n t f a c t o r s  such a s  p u r i ty  o f w av e le n g th , 

f lu e n c e  r a t e ,  grow th c o n d i t io n s  and i r r a d i a t i o n  c o n d i t io n s  w hich may 

d i f f e r .

The e f f e c t  o f  th e  te m p e ra tu re  d u rin g  i r r a d i a t i o n  was s tu d ie d  

i n  d e t a i l  and r e s u l t s  shewed t h a t ,  f c i lc w in g  254 and 313 nm 

i r r a d i a t i o n ,  c e l l s  e x h ib i te d  a d e c re a se d  r e s i s t a n c e  when i r r a d i a t e d  

a t  h ig h e r  te m p e ra tu re , w hereas f o l i a t i n g  325* 334 and 365 nm 

i r r a d i a t i o n ,  th e  o p p o s ite  e f f e c t  w as o b se rv ed .

The i n t e r p r e t a t i o n  o f  th e se  r e s u l t s  i n  r e l a t i o n  to  th e  a c t io n s  

o f UV r a d ia t io n  on human c e l l s  can  o n ly  be s p e c u la t iv e  s in c e  th e  

m echanism s o f  i n a c t iv a t io n ,  e s p e c ia l ly  a t  th e  lo n g e r  w aveleng ths^  

rem ain  u n c le a r .
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TABLE 6

SURVIVAL PARAMETERS OBTAINED FOR HUMAN FIBROBLASTS IRRADIATED

IN SUSPENSION AT 0°C

-2  -2  -2  W avelength C e ll L ine Dft Jm D Jm D„ft Jm0 q 10

254 nm GM730a  17-7* 0 .3  14 .7± 6 .1  5 5 .5± 7 .1
GM730 13.0 16 .5  57 .0

8 .8 ±  1 .7  9.6± 1.8 2 9 .7± 4 .0GM730°
1BR 8 .1 ±  0 .7  1 0 .4± 2 .5  2 8 .9± 1 .5
48BRC 9 .6±  0 .7  7 .9±  4 .0  31 .1*  3 .5

DQ kJm"2 D k Jn f2q D1q kJrn '2

313 nm GM730 1 4 .2± 0 .3 1 4 .2± 3 .0 46.9* 5 .2
GM730°
1BR

14.7* 2 .9 13.9* 2 .6 47.8* 6 .0
12 .4± 0 .2 10.8* 1.8 37.3*  3 .5

48 BR° 16.6* 3 .7 11.4* 4 .7 55 .5*14 .0
1MR-91® 3 .2 4.8 ----
GM38q 13 ± 1 ----- 40 * 2
GM498* 15 ± 1 ----- 32 * 2
CRL11419 13 ± 1 ----- 33 * 2

325 nm GMT30a
1BR

16.0 11.3 48.1
9 .49*  0 .4 5 12.2*  2 .26 34.1* 3 .46

334 nm GMT30a
1BRd

18.1 ± 2 .3 29.2*  0 .6 70 .8*  4 .9
14.7 ± 0 .4 19.1* 2 .5 53 .0*  1.4

1MR-91 126 160 ----

365 nm GM730a 9 6 .3 * 2 2 .4 8 2 .9 * 3 2 .3 305 * 23
GM730 83 100 295

3 5 $
8 4 .9 * 1 1 .6 101.2* 8 .9 297 * 23
8 3 .5 * 1 4 .1 97.5*  12.6 289 * 28

48 BRC 150 *31 6 3 .0*  46 .4 408 * 38
1MR-918 325 1640 ----
GM38 200 ±20 210 ±30

?  t h i s  t h e s i s  
McAleer e t  a l . ,  1987 ® W ells and Han, 1985

° Keyse e t  a l . ,  1985 Smith and P a te rs o n , 1982
Keyse , 1983 ( t h e s i s ) 45 Smith and P a te rs o n , 1981



L e th a l i ty  fo llo w in g  254 nm r a d ia t io n  i s  g e n e ra l ly  c o n s id e re d  

to  be due to  p y rim id in e  dim er fo rm a tio n  w hich i s  a  pho tochem ical 

ev en t and a s  such n o t dependent upon te m p e ra tu re . O b se rv a tio n s  i n  

th e  p a s t  w ith  b a c t e r i a l  c e l l s  have confirm ed  l i t t l e  d i f f e r e n c e  i n  

re sp o n se  betw een i r r a d i a t i o n  a t  0°C and 37°C (J a g g e r ,  1967 ). The 

r e p a i r  o f th e  damage, b e in g  due to  enzym atic  p ro c e s s e s ,  i s  dependent 

upon te m p e ra tu re  bu t d u rin g  a s h o r t  tim e o f i r r a d i a t i o n  (<15 

m in u te s ) ,  in  th e  d a rk , th e  amount i s  i n s i g n i f i c a n t  and does n o t 

m odify th e  re sp o n se . I t  i s  n o t known w hat c a u se s  th e  sm all d e c re a se  

i n  th e  r e s i s t a n c e  o f th e  c e l l s  i f  th e  in d u c t io n  o f  th e  l e s i o n  a s  

such i s  n o t dependent upon te m p e ra tu re . An a l t e r e d  DNA co n fo rm a tio n  

cou ld  be put fo rw ard  a s  a cause f o r  f u r th e r  in v e s t i g a t io n s .  However, 

th e  o b s e rv a tio n  t h a t  th e  c e l l u l a r  re sp o n se  to  254 and 365 rm 

i r r a d i a t i o n  i s  in f lu e n c e d  by te m p e ra tu re  i n  a d i f f e r e n t  way, 

s u g g e s ts  t h a t  l e t h a l  mechanisms a r e  n o t common t o  bo th  t r e a tm e n ts .

The re sp o n se  o f GMT30 c e l l s  t o  313 nm i r r a d i a t i o n  shews a  more 

d e f i n i t e  in c re a s e  i n  s e n s i t i v i t y  a s  th e  i r r a d i a t i o n  te m p e ra tu re  i s  

in c re a s e d  w hich su g g e s ts  t h a t  th e  p ro d u c tio n  o f  th e  l e t h a l  l e s i o n  i s  

more pronounced a t  h ig h e r  te m p e ra tu re s  and i s  n o t r e p a i r e d  d u r in g  

th e  i r r a d i a t i o n  p e r io d  o f  3 h o u rs . Amongst p o s s ib le  l e t h a l  l e s i o n s  

in d u ced  by 313 nm i r r a d i a t i o n  a r e  p y rim id in e  d im ers , thym ine g ly c o ls  

and s in g le - s t r a n d  b re a k s . An o b s e rv a t io n  by N ig g li  and C e r u t t i  

(1983) t h a t  in d u c t io n  o f  th y m in e -c o n ta in in g  p y rim id in e  d im ers  i n  

human f i b r o b l a s t s  i s  more e f f i c i e n t  a t  37° th a n  a t  0 °  i s  c o n s is te n t  

w ith  our r e s u l t s  and s u p p o r ts  a r o l e  f o r  p y rim id in e  d im ers b e in g  th e  

l e t h a l  l e s i o n  fo llo w in g  313 nm i r r a d i a t i o n .  T h is  was th e  f i r s t  

r e p o r t  o f a dependence o f p y rim id in e  dim er fo rm a tio n  upon 

te m p e ra tu re . The r o l e  o f te m p e ra tu re  i n  p y rim id in e  dim er fo rm a tio n
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i s  n o t  known, nor i s  i t  known to  w hat e x te n t  254nm -induced 

p y rim id in e  d im ers  a r e  in f lu e n c e d  by te m p e ra tu re , i f  a t  a l l .  

S in g le - s t r a n d  b re a k  fo rm a tio n  h a s  been shown to  be 

te m p e ra tu re - in d e p e n d e n t s in c e  313 n m - ir ra d ia te d  human f i b r o b l a s t s  

showed a v e ry  s n a i l  in c re a s e  i n  s in g le - s t r a n d  breakage freq u en cy  a t  

37°C r e l a t i v e  to  0°C. In  th e  fo u r  human s k in  f i b r o b l a s t  s t r a i n s  

t e s t e d  th e  number o f b r e a k s /10^ ° d a lto n s  w as 1. 3- 1 .9  a t  0 °  and 

1 .7 -2 .0  a t  37°C (H ir s c h i  e t  a l . ,1 9 8 1 ) .

In  re sp o n se  to  i r r a d i a t i o n  by w av e len g th s  g r e a te r  th a n  325nm 

th e r e  i s  a  c l e a r  in c r e a s e  o f c e l l u l a r  r e s i s t a n c e  a s  th e  i r r a d i a t i o n  

te m p e ra tu re  i s  in c re a s e d .  S ev era l s u g g e s tio n s  re g a rd in g  a l t e r a t i o n s  

i n  th e  p ro d u c tio n  o f  l e s i o n s  o r  t h e i r  r e p a i r  can  be pu t fo rw ard . I t  

i s  becom ing a c c e p te d  t h a t  near-UV r a d ia t io n  e f f e c t s  a r e  m ed ia ted  by 

oxygen r e a c t i v e  s p e c ie s .  In c re a se d  p ro d u c tio n  o f  any o f th e se  

s p e c ie s  fo l lo w in g  near-UV r a d ia t io n  i n  a  b io lo g ic a l  system  has n o t 

been  c o n c lu s iv e ly  shown a s  y e t  but e x p e rim e n ta l ev idence  from  

chem ical sy stem s s u g g e s ts  t h a t  t h i s  i s  p o s s ib le .  S in g le t  oxygen can  

be form ed by endogenous ty p e  I I  p h o to s e n s i t i z a t io n  r e a c t io n s  

(K rin sk y , 1984) b u t th e  n a tu re  o f th e  s e n s i t i z e r  s t i l l  rem ains  

unknown. The p ro d u c tio n  o f  su p ero x id e  io n  h a s  a l s o  been r e c e n t ly  

d em o n stra ted  fo llo w in g  m id- and near-UV i r r a d i a t i o n  o f  NADH and 

NADPH coenzymes v i a  a  s im i la r  type I I  p h o to s e n s i t i z a t io n  r e a c t io n  

(Cunningham e t  a l . , 1985). In  a d d i t io n ,  near-UV i r r a d i a t i o n  o f  

L - try p to p h a n  i n  b u f fe r  h a s  been shown t o  r e s u l t  i n  fo rm a tio n  

(McCormick e t  a l . .  1976). Once th e  c o n c e n tr a t io n  o f  one p a r t i c u l a r  

s p e c ie s  becomes e le v a te d  a s  a  r e s u l t  o f near-UV i r r a d i a t i o n ,  f u r th e r  

r e a c t io n s  a llo w  th e  fo rm a tio n  o f  o th e r  oxygen s p e c ie s  a s  w e ll and i t  

becomes d i f f i c u l t  to  d i s t in g u is h  betw een t h e i r  e f f e c t s .  T h e re fo re ,
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u n le s s  e x p e rim e n ta l ev id en ce  fa v o u rs  th e  invo lvem ent o f  one 

p a r t i c u l a r  s p e c ie s ,  th e se  w i l l  be r e f e r r e d  to  c o l l e c t i v e l y  a s  

' r e a c t i v e  oxygen s p e c i e s . '

T h e o r e t ic a l ly ,  i t  can  be su g g es ted  t h a t  th e  p ro d u c tio n  o f  

r e a c t i v e  oxygen s p e c ie s  w i l l  be red u ce d  a t  h ig h e r  te m p e ra tu re s  

because  o f th e  d e c re a se d  s o l u b i l i t y  o f 0^ in  aqueous m edia, b u t no 

s tu d ie s  a s  y e t  have in v e s t ig a t e d  th e  te m p e ra tu re  dependence o f th e  

p ro d u c tio n  o f  a c t iv e  oxygen s p e c ie s .  On th e  c o n tra ry , i t  i s  w e ll  

e s ta b l i s h e d  t h a t  en zy m atic  a c t io n  i s  v e ry  dependent upon 

te m p e ra tu re . T h e re fo re , in c re a s e d  te m p e ra tu re  d u rin g  i r r a d i a t i o n  

sh o u ld  a llo w  b e t t e r  en zym atic  scav en g in g  o f  th e  s u rp lu s  r e a c t i v e  

s p e c ie s  farm ed a s  a  r e s u l t  o f near-UV i r r a d i a t i o n .  A n tio x id a n t 

d e fe n se  enzymes such a s  su p e ro x id e  d ism u tase , c a ta la s e  and 

g lu ta th io n e  p e ro x id a se  w ould remove e x c e ss  sup ero x id e  io n s  and 

h ydrogen  p e ro x id e , th e re b y  p re v e n tin g  l e s i o n  fo rm a tio n  i n  th e  DNA 

a n d /o r  o th e r  c e l l u l a r  t a r g e t s  and r e s u l t  i n  in c re a s e d  r e s i s t a n c e  o f  

th e  c e l l s  to  i n a c t i v a t i o n .  E xperim en ta l ev idence to  su p p o r t t h i s  

id e a  h a s  been d i f f i c u l t  to  o b ta in  s in c e  exogenous a d d i t io n  o f  th e  

above enzymes does n o t r e s u l t  i n  in c re a s e d  i n t r a c e l l u l a r  l e v e l s  

because they  do n o t c ro s s  th e  plasm a membrane. However, t h e i r  

s e l e c t i v e  i n h i b i t i o n  by d ie th y ld i th io c a rb a m a te  or

3-a m in o -1 ,2 ,4 - t r i a z o l e  o r b u th io n in e  su lphoxim ine w hich a re  known t o  

r e s p e c t iv e ly  reduce  su p e ro x id e  d ism u ta se , c a ta la s e  and g lu ta th io n e  

a c t i v i t i e s ,  in  mammalian c e l l s  (Lesko e t  a l . ,  1985) would p e rh ap s  

c l a r i f y  th e  im p o rtan ce  o f  th e se  en zym atic  sy stem s i n  near-UV in d u ced  

l e t h a l i t y .  Such s tu d ie s  i n  c o n ju n c tio n  w ith  d i f f e r e n t  i r r a d i a t i o n  

te m p e ra tu re s  m igh t a l s o  c l a r i f y  th e  mechanism s u n d e r ly in g  th e  

in c re a s e d  r e s i s t a n c e  human f i b r o b l a s t s  e x h i b i t  a s  th e  te m p e ra tu re
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d u rin g  i r r a d i a t i o n  i s  in c re a s e d .  Indeed , a r e c e n t  s tu d y  by l y r r e l l  

and P idoux (1 9 8 6 ), i n  w hich in h i b i t i o n  o f  de novo s y n th e s is  o f  

g lu ta th io n e  by b u th io n in e  su lphoxim ine r e s u l t e d  i n  in c re a s e d  

c e l l u l a r  s e n s i t i v i t y  to  313, 334 , 365 and 405 nm i r r a d i a t i o n  bu t no 

a l t e r a t i o n  o f  th e  re sp o n se  to  254 nn i r r a d i a t i o n ,  i n d i c a te s  a r o l e  

fo r  endogenous g lu ta th io n e  i n  th e  p r o te c t io n  o f  human f i b r o b l a s t s  

from solar-U V  w a v e le n g th s . The im portance  o f th e  o th e r  enzymes 

rem ains to  be exam ined.

The p o s s i b i l i t y  t h a t  th e  t a r g e t  i t s e l f  a ls o  changes a t  

d i f f e r e n t  te m p e ra tu re s  sh o u ld  a l s o  be c o n s id e re d . DNA c o n fo rm a tio n  

i s  known to  be dependen t on s e v e ra l  c o n d i t io n s ,  one o f  w hich i s  

te m p e ra tu re  (N ig g li  and C e r u t t i ,  1983) b u t i f  t h i s  i s  im p o r ta n t i n  

r e l a t i o n  to  c e l l  l e t h a l i t y  we w ould e x p e c t i t s  e f f e c t  to  be more 

pronounced fo llo w in g  far-U V -in d u ced  l e t h a l i t y ,  w hich i s  b e l ie v e d  to  

depend p r im a r i ly  upon a  DNA le s i o n .  However e x p e rim en ta l d a ta  showed 

t h a t  c e l l  s e n s i t i v i t y  to  far-OV r a d i a t i o n  i s  in f lu e n c e d  by th e  

i r r a d i a t i o n  te m p e ra tu re  to  a  l e s s e r  d eg ree  and  i n  th e  o p p o s ite  way 

to  c e l l  s e n s i t i v i t y  to  near-UV r a d ia t io n .

Membrane co m p o sitio n  and f l u i d i t y  a re  a l s o  known to  v a ry  a t  

d i f f e r e n t  en v iro n m en ta l te m p e ra tu re s , a lth o u g h  i t  i s  n o t d e a r  how 

q u ic k ly  c e l l s  a r e  e x p e c te d  to  a d ap t to  new c o n d i t io n s .  H igher 

en v iro n m en ta l grow th te m p e ra tu re s  produce a  lcw er c o n te n t o f 

u n s a tu r a te d  f a t t y  a c id s  i n  mouse and human f i b r o b l a s t s  (K onings and 

R u ifro k , 1985; McAleer e£ j l . ,  1987) and d e c re a se d  membrane

f l u i d i t y .  N e ith e r  th e  u n s a tu ra te d  f a t t y - a c i d  c o n te n t  o f c e l l s  n o r 

t h e i r  membrane f l u i d i t y  have d e a r l y  been c o r r e l a te d  w ith  th e  

c e l l u l a r  re sp o n se  to  near-UV in a c t iv a t io n  bu t a r e  under 

i n v e s t ig a t io n .
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KLamen and Tuveson (1982) u sed  a  s t r a i n  o f  E. o o l i  (K1060)

w hich can  n e i th e r  s y n th e s iz e  nor deg rade u n s a tu ra te d  f a t t y  a c id s  to

t e s t  w h e th er th e  d eg ree  o f f a t t y - a c i d  u n s a tu r a t io n  can  in f lu e n c e

s e n s i t i v i t y  to  near-UV in a c t iv a t io n .  They r e p o r te d  t h a t  th e  h ig h e r

th e  u n s a tu r a t io n  o f  th e  f a t t y  a c id s  in c o rp o ra te d  i n  th e  membrane

p h o sp h o lip id s , th e  more s e n s i t i v e  lo g -p h a se  c e l l s  w ere to  near-UV

r a d ia t i o n .  They e x p la in e d  t h i s  a s  a r e s u l t  o f 0^ a t t a c k  on d oub le

bonds le a d in g  to  in c re a s e d  p ro d u c tio n  o f  l i p i d  p e ro x id a t io n .

C ham berlain  and Moss (1987) ex ten d ed  t h i s  work u s in g  th e  same s t r a i n

o f E. c o l i  by showing t h a t  near-UV induced  membrane damage, m easured 

86 +a s  Rb le a k a g e , was a l s o  in c re a s e d  i n  c e l l s  c o n ta in in g  f a t t y  a c id s  

w ith  a  h ig h e r  d eg ree  o f u n s a tu r a t io n  and was p a r a l le l e d  by in c re a s e d  

l i p i d  p e ro x id a t io n  p ro d u c ts . Both l i p i d  p e ro x id a tio n  p ro d u c ts  and 

®^Rb+ leak ag e  from  th e  c e l l s  w ere  in c re a s e d  when i r r a d i a t i o n  was 

c a r r i e d  o u t i n  th e  p resen ce  o f  D^O w hich a g a in  su p p o r ts  a  r o l e  fo r
i

in  th e  dam aging p ro c e s s .  However a  s tu d y  u s in g  p h o to s e n s i t iz e d  

c e l l s  exposed  to  near-UV r a d i a t i o n  r e p o r te d  th e  o p p o s ite  e f f e c t ,  

JL. e . , in c re a s e d  r e s i s t a n c e  to  i n a c t iv a t io n  a s  th e  u n s a tu r a t io n  o f  

th e  f a t t y  a c id s  in c o rp o ra te d  i n  E . c o l i  K1060 was in c re a s e d  (Wagner 

e t  a l . ,  1980). The a u th o r s  su g g e s te d  t h a t  a  h ig h e r  d eg ree  of 

u n s a tu r a t io n  i n  th e  l i p i d s  r e s u l t e d  i n  in c re a s e d  membrane f l u i d i t y  

w hich w ould be l e s s  s u s c e p t ib le  to  d is r u p t io n .

In  mammalian c e l l s ,  a l t e r a t i o n  o f  th e  l i p i d  c o n te n t i s  more 

com plex and in v o lv e s  in n e r  membranes such a s  n u c le ic ,  m ito c h o n d ria l 

and ly so so m a l, a s  w e ll a s  th e  o u te r  c e l l  membrane. To d a te  s tu d ie s  

have no t in d ic a te d  any c o r r e l a t i o n  betw een th e  u n s a tu r a te d  

f a t t y - a c i d  c o n te n t o f th e  c e l l s  and t h e i r  resp o n se  to  e i t h e r  UV or 

gamma i r r a d i a t i o n  (McAleer e t  a l . ,  1987; W o lte rs  and K onings, 1984 ).
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A nother group o f  enzymes whose a c t i v i t y  w ould a l s o  in c re a s e  a s  

th e  te m p e ra tu re  d u rin g  i r r a d i a t i o n  in c r e a s e s  a r e  DNA r e p a i r  enzym es. 

C oncom itant r e p a i r  o f any DNA le s io n s  d u rin g  th e  i r r a d i a t i o n  p e r io d  

o f  4 h o u rs  co u ld  be e x p ec ted  to  r e s u l t  i n  in c re a s e d  c e l l u l a r  

r e s i s t a n c e  to  i r r a d i a t i o n .  R e s u lts  showed t h a t  i r r a d i a t i o n  w ith  313 

nm a t  37°C w hich l a s t e d  f o r  abou t 3 h ou rs d id  n o t r e s u l t  i n  

in c re a s e d  c e l l u l a r  r e s i s t a n c e ,  bu t t h i s  co u ld  be a  r e s u l t  o f th e  

r a t e  o f l e s i o n  fo rm a tio n  ex ceed in g  th e  r a t e  o f r e p a i r  a t  t h a t  

p a r t i c u l a r  w av e le n g th . T his m igh t n o t be th e  case  d u r in g  365 nm 

i r r a d i a t i o n ,  so t h i s  p o in t  w a r ra n ts  more e x te n s iv e  in v e s t ig a t io n .  An 

obv ious method to  c a r ry  ou t t h i s  i n v e s t ig a t io n ,  such a s  to  in c re a s e  

or d e c re a se  th e  i r r a d i a t i o n  f lu e n c e  r a t e  and fo llo w  i t s  e f f e c t  on 

s u r v iv a l ,  was n o t  f e a s i b l e  i n  t h i s  s tu d y , s in c e  th e  f lu e n c e  r a t e  

used  was th e  maximum e m itte d  by th e  m onochrom atic so u rce  and th e  

i r r a d i a t i o n  tim e  o f 4 -4 .5  h ou rs was a l s o  n ea r th e  maximum tim e c e l l s  

cou ld  be s t i r r e d  i n  b u f fe r  w ith o u t a  d e c re a se  o f v i a b i l i t y  (Keyse 

1983» see  a l s o  T ab le  8 ) .
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THE SENSITIVITY OF AN ACTINIC HBTICULOID STRAIN, AR6LO, TO ULTRAVIOLET 

RADIATION, GAMMA RADIATION AND HYDROGEN PEROXIDE AND ITS COMPARISON 

TO THE RESPONSE OF NORMAL GM730 FIBROBLASTS

I n v e s t ig a t io n s  i n t o  th e  c e l l u l a r  re sp o n se s  o f  a c t i n i c  

r e t i c u l o i d  (AR) c e l l s  to  near-UV l i g h t  w ere prom pted by r e p o r t s  t h a t  

AR c e l l s  e x h ib i te d  an  abnorm al resp o n se  to  b road -band  near-UV 

r a d i a t i o n  c h a r a c te r iz e d  by changes i n  th e  m o rp h o lo g ica l appearance 

to  th e  c e l l s ,  d e c re a se  i n  RNA s y n th e s is  and in c re a s e  i n  th e  

in c id e n c e  o f DNA s in g le - s t r a n d  b reak s  (G ia n n e l l i  .e t a l . . ,  1983;

B o tcherby  e t  a l . ,  1 9 84 ). The i n i t i a l  o b je c t iv e  o f t h i s  w ork r e l a t i n g  

to  AR c e l l u l a r  re sp o n se  was to  de te rm in e  th e  s e n s i t i v i t y  o f AR c e l l s  

to  s p e c i f i c  m onochrom atic w av e le n g th s  under c o n t ro l le d  c o n d i t io n s  o f  

i r r a d i a t i o n .  I n a c t iv a t io n  s tu d ie s  o f  AR c e l l s  by gamma r a d i a t i o n  

and HgOg a re  a l s o  in c lu d e d  i n  t h i s  c h a p te r  s in c e  th e  re sp o n s e s  

o b ta in e d  sh o u ld  be ta k e n  i n t o  acco u n t when fo rm u la tin g  a  h y p o th e s is  

fo r  th e  u n d e r ly in g  cau se  o f AR s e n s i t i v i t y .
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Growth Characteristics of AR Fibroblasts
C e l ls  w ere grown i n  EMEM medium supplem ented w ith  15 per cen t 

f o e t a l  c a l f  serum a s  p re v io u s ly  d e s c r ib e d  f o r  normal human 

f i b r o b l a s t  s t r a i n s .

Growth c u rv e s  f o r  bo th  c e l l  l i n e s  w ere c o n s tru c te d  

(e x p e rim e n ta l d e t a i l s  i n  Appendix 6) and shown . i n  F ig . 30 . There 

was a  s i m i l a r i t y  o f shape i n  th e  grow th cu rv es  w hich w ere 

c h a r a c te r iz e d  by a  la g -p h a s e ,  an  e x p o n e n tia l or lo g -p h a se  and a 

p la te a u  p h ase . In  t h i s  and o th e r  grow th cu rv es  c o n s tru c te d  i n  t h i s  

s tu d y  (F ig . 4 2 ) ,  th e  la g -p h a se  co u ld  be more a c c u ra te ly  d e s c r ib e d  a s  

a  d rop  from  th e  number o f c e l l s  i n i t i a l l y  in o c u la te d  on th e  p la te s  

due to  t h e i r  i n a b i l i t y  to  a t t a c h  and d iv id e .  The p ro p o r tio n  o f  AR 

c e l l s  u n a b le  to  m u l t ip ly ,  a s  shown i n  t h i s  growth cu rv e , was g r e a te r  

th a n  t h a t  o f  normal GM730 c e l l s .  AR c e l l s  grew more slow ly  th a n  

GM730 c e l l s  (d o u b lin g  tim e  o f 39 h rs  compared to  26 h rs )  and d id

n o t grow to  a s  h ig h  numbers a s  norm al c e l l s  d id , under i d e n t i c a l

c o n d i t io n s .  T h is  co u ld  be (1) due to  a  sm a lle r  d en s in g  c a p a c ity  of 

th e  AR c e l l  l i n e ,  (2 ) due to  more r a p id  d e p le t io n  o f  n u t r i e n t s  from

th e  grow th medium or (3) due to  some o th e r  in h ib i to r y  f a c to r .  AR

c e l l s  w ere  o f te n  more ra g g e d  i n  ap p ea ran ce , a s  seen  under th e  

m icroscope a f t e r  t r y p s in i z a t i o n ,  e s p e c ia l ly  when o ld e r  i n  passage 

(17-20) o r  when more th a n  5-6  d ays  had p assed  s in c e  p rev io u s  

s u b c u ltu r e .  T h e ir  p la t in g  e f f ic ie n c y  was a ls o  low er and ranged  from

4 - 2 1  p e r c e n t th ro u g h o u t t h i s  work w hereas f o r  GWT30 c e l l s  th e s e  

v a lu e s  w ere  5 - 4 3  p e r c e n t .  As m entioned  p re v io u s ly ,  p la t in g  

e f f i c i e n c i e s  depended p a r t l y  on th e  serum used and w ere not 

c o r r e l a te d  i n  any way to  c e l l u l a r  s e n s i t i v i t y .
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S e n s i t i v i t y  o f  AR F ib r o b la s t s  t o  Near-PV ( ‘365 ran) R a d ia t io n

The re sp o n se  o f  AR c e l l s  fo llo w in g  i r r a d i a t i o n  w ith  365 an 

w aveleng th  was d e te rm in ed  a t  25°C s in c e  p re v io u s ly  p u b lish e d  r e s u l t s  

concerned  i r r a d i a t i o n s  perfo rm ed  a t  room te m p e ra tu re . F ig . 31 A 

in c lu d e s  th e  r e s u l t s  o f  s ix  r e p l i c a t e  ex p e rim en ts  and T ab le  7 th e  

c a lc u la te d  p a ra m e te rs  f o r  each ex perim en t. In  F ig . 31 B th e  

com parison  o f  th e  mean re sp o n se  o f AR and normal GM730 c e l l s  can be 

seen .

A lthough th e r e  was a  v a r i a b i l i t y  in  th e  re sp o n se  o f AR c e l l s

to  365 on a t  25°C, th e  mean re sp o n se  o f AR c e l l s  was found to  be

ap p ro x im ate ly  4 tim es  more s e n s i t i v e  th a n  th e  mean re sp o n se  o f GM730

c e l l s .  The f a c t o r s  w hich  in f lu e n c e d  th e  s e n s i t i v i t y  o f bo th  c e l l

l i n e s  co u ld  n o t be d e te c te d  bu t seemed to  be r e l a t e d  to  th e  e x a c t

c o n d i t io n s  o f  i r r a d i a t i o n  o r  medium in  w hich c e l l s  w ere grown o r

i r r a d i a t e d ,  s in c e , when m atched ex p erim en ts  w ere perform ed on th e

same day, th e  same in f lu e n c e  on s e n s i t i v i t y  was a p p a re n t,  i . e .  a

R e s i s t a n t*  GM730 c e l l  re sp o n se  was m atched w ith  a R e s i s t a n t 1 AR

c e l l  re sp o n se . T h e re fo re  th e  d i f f e r e n c e  i n  s e n s i t i v i t y  rem ained

around  4 . When bo th  s e t s  o f  d a ta  w ere t r e a te d  a s  a p o p u la tio n , th e

d if f e r e n c e  betw een th e  two p o p u la tio n s  was found to  be s ig n i f i c a n t
2

by s t a t i s t i c a l  t e s t s  w ith  an  x v a lu e  o f 10.33 fo r  th e  i n t e r c e p t  and 

239 fo r  th e  s lo p e  (p < 0 .0 0 1 ).

In  o rd e r  to  ex c lu d e  th e  p o s s i b i l i t y  t h a t  some o th e r  f a c t o r  

r e l a t e d  to  th e  le n g th  o f th e  i r r a d i a t i o n  tim e  was r e s p o n s ib le  f o r  

th e  o b served  s e n s i t i v i t y ,  bo th  normal and AR c e l l s  w ere kep t s t i r r e d  

i n  th e  c u v e t te ,  a t  25°C w ith o u t r e c e iv in g  any i r r a d i a t i o n ,  and t h e i r  

s u rv iv a l  d e te rm in ed  a t  30 m inute i n t e r v a l s .  The r e s u l t s  i n  T ab le  8
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TABLE 7

I r r a d i a t i o n
Medium

PBS

EMEM

DMEM

SURVIVAL PARAMETERS FOR THE INACTIVATION OF AR6LO CELLS BY 365 NM 

IRRADIATED AT 25°C IN DIFFERENT MEDIA

E xpt.
No. (Jm )

S tan d a rd
D e v ia t io n

I n te r c e p t
y - a x is

S tan d a rd
D e v ia tio n

DO
Jm

Dqp
Jm

D1Q
Jm

45
46
47
48
49
50

3 .86x10“$
3 .2 4 x 1 0 g
2.34x10
4.09x10
3.39x10 g
3.31x10

2.62x10“7
1.68x10“ '
2 .10x10“,!
4.01x10“ '
2 .10x10“ '
2 .33x10“ '

-2 .1 3 x 1 0 “ ] 
1.51x10’ p 

-1 .7 3 x 1 0 “^ 
7 . 2 1 x 1 0 p  
3 .66x10"^ 
1.39x10“

8 .1 2 x 10"2 
4 . 24x1O p  
6 .52x10“ p 
7 . 17x10“ ^ 
3 . 2 6 x 1 0 p  
4.06x10

1.12x10S 
1.34x10;? 
1.86x10;? 
1.06x10;? 
1.28x10;? 
1.31x10

5.49x1oj! 
4.66x10^ 

-7 .4 1 x 1 0 ?  
1.76x10? 
1.08x10? 
4.19x10

2.04x10
3.55x10;
4.20x10;
2.62x10,
3.06x10;
3 .44x10

Mean 3.37X10”6 2.81X10"2 1.33x105 2 .7 4 x 104 3*15x 10!

51
52

3.20x10~g
2.49x10

2.50x10“I
1.00x10“ '

1.20x10“ ?
3.30x10

6 .31x10“ 2
2.53x10

1.36x10S 
1.74x10

3.76x10?
1.32x10

3.16x10
4.15x10

Mean 2.85X10-6 2.25x10“2 1.55x10S 8 .48x103 3.66x10'

53 3 . 6 6 x 1 0 " 6 2 . 3 4 x 1 0 “ 7 7 . 8 0 x 1 0 " 2 4 .71x10"2 1 .19x10S 2.14x10** 2 . 9 5 x 1 0 !

D ata i n  Appendix 8 (T a b le s  A15, A16)



show t h a t  f o r  up to  5 h o u rs  o f  s t i r r i n g  th e r e  was no s ig n i f i c a n t  

d e c re a se  i n  th e  v i a b i l i t y  o f e i t h e r  c e l l  l i n e .

TABLE 8
SURVIVING FRACTION OF AR6L0 AND Gtff30 CELLS WITH TIME HELD 

IN BUFFER AT 25°C STIRRED AT 600 RIM

H olding tim e  S u rv iv in g  f r a c t i o n
(m ins) AR6L0 GM730

60 8 .89x10“ 1 1.04x10 0

90 9 . 6 7 x 1 0 ~ 1 8 .6 6 x 1 0 ” ^

135 1 . 1 5 x 1 0  0 9 .2 6 x 1 0 "1

165 9.02x10“ 1 1.01x10 0

195 9 .02x10“ 1 8 .6 6 x 1 0 ” ^

240 8 .6 3 x 1 0 “ 1 9 .17x10’ 1

300 8 .1 7 x 1 0 “ 1 9 .26x10“ 1

S ince p u b lish e d  r e s u l t s  on AR s e n s i t i v i t y  concerned  

i r r a d i a t i o n s  perform ed  i n  f u l l  medium (D ulbeccof s  M o d if ic a tio n  o f  

E a g le 's  Medium), i t  was d ec id ed  to  a s s e s s  AR s u rv iv a l  a f t e r  

i r r a d i a t i o n  i n  EMEM and DMEM supplem ented  w ith  15 per c e n t f o e t a l  

c a l f  serum a s  compared w ith  i r r a d i a t i o n  i n  PBS. F ig u re s  32 A, B 

show th e  re sp o n se  o b ta in e d  when AR c e l l s  w ere i r r a d i a t e d  w ith  365 nm 

a t  25°C i n  EMEM and DMEM grow th m edia. No f u r th e r  s e n s i t i z a t i o n  was 

o b serv ed  r e l a t i v e  to  th e  re sp o n se  o b ta in e d  when i r r a d i a t i o n  to o k  

p la c e  i n  PBS (F ig . 3 1 ) .  T h is  r e s u l t  i s  p e rh ap s s u r p r i s in g  ta k in g  

in t o  acc o u n t r e p o r t s  such a s  th o se  o f Wang e t  a l .  (1974) and S to le n  

and Wang (1974) who have shown th e  fo rm a tio n  o f  to x ic  p h o to p ro d u c ts  

i n  t i s s u e  c u l tu r e  medium by b la c k l ig h t  bu t p e rh ap s  AR c e l l s  a r e
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F ig u re  3 2 . The i n a c t i v a t i o n  o f  AR6L0 c e l l s  by 365nm i r r a d i a t i o n  a t  25°C i n  (A) EMEM (B) DMEM 
medium. The d i f f e r e n t  s e t s  o f  symbols r e p re s e n t  th e  r e s u l t s  o f  r e p l i c a t e  experim en ts .  The 
dashed l i n e  r e p r e s e n t s  th e  re sponse  ob ta ined  i n  PBS (see  F i g . 31)



a lre a d y  m axim ally  s e n s i t i z e d  to  i r r a d i a t i o n  under th e  s t a t e d  

c o n d i t io n s .

The i n a c t i v a t i o n  o f  AR c e l l s  by 365 nm was a l s o  d e te rm in ed  a t  

th e  te m p e ra tu re s  o f  0 °  and 37°C i n  o rd e r  to  form  f u r t h e r  com parisons 

w ith  normal c e l l  s t r a i n  GM730. The in a c t iv a t io n  c u rv e s  o b ta in e d  a r e  

shown i n  F ig s .  33 A, B and 34 A, E w h ile  th e  c a lc u la te d  p a ra m e te rs  

f o r  th e  in d iv id u a l  ex p erim en ts  a r e  in c lu d e d  i n  T ab le  9 . No 

d if f e r e n c e  i n  th e  s e n s i t i v i t y  o f AR and norm al c e l l s  cou ld  be seen  

when i r r a d i a t i o n  to o k  p la c e  a t  th o se  te m p e ra tu re s , and th e  same 

f a c t o r s  w hich in c re a s e d  th e  r e s i s t a n c e  o f normal c e l l s  when th e  

i r r a d i a t i o n  te m p e ra tu re  was r a i s e d  to  37°C seemed to  in c re a s e  th e

r e s i s t a n c e  o f AR c e l l s  a s  w e l l .  However, a t  th e  in te rm e d ia te  

te m p e ra tu re  o f  25°C, a s  seen  i n  F ig . 31 B, a  d i f f e r e n c e  i n  

s e n s i t i v i t y  was a p p a re n t .  One i n t e r p r e t a t i o n  o f  t h i s  o b s e rv a tio n  

a t  25°C co u ld  be t h a t  th e r e  i s  a p a r t i a l  enzym atic  d e fe c t  i n  AR

c e l l s .  T h is  co u ld  be e i t h e r  i n  th e  scaven g in g  enzymes w hich w ould 

red u ce  th e  lo a d  o f  r e a c t iv e  oxygen s p e c ie s  and p re v e n t l e s i o n  

fo rm a tio n  o r  i n  th e  r e p a i r  enzymes w hich w ould o p e ra te  to  r e p a i r  

l e s i o n s  form ed. F ran  th e se  i n i t i a l  ex p erim en ts  i t  i s  n o t p o s s ib le  to  

draw any f u r th e r  d e d u c tio n s  a s  t o  w hich group o f  enzymes w ould m ost 

l i k e l y  be a f f e c t e d .  An a l t e r n a t i v e  e x p la n a tio n  co u ld  a g a in  be t h a t  

th e  t a r g e t ( s )  o f  near-UV r a d i a t i o n  i s  a l t e r e d  i n  a d i f f e r e n t  manner 

i n  th e  two c e l l  l i n e s  a s  th e  te m p e ra tu re  i s  in c re a s e d .

S e n s i t i v i t y  o f  AR F ib r o b la s t s  t o  Far-UV (254 nn) R a d ia tio n

o o
The in a c t i v a t i o n  o f  AR c e l l s  by 254 nm i r r a d i a t i o n  a t  0 , 25 

and 37°C i s  shown i n  Panel A o f F ig u re s  35, 36 , 37 and com pared to

th e  normal GM730 c e l l  re sp o n se  i n  panel B o f th e  same f ig u r e .
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F ig u re  33 . (A) The i n a c t i v a t i o n  o f  AR6L0 c e l l s  by 365 rm i r r a d i a t i o n  a t  0°C. D i f f e r e n t  s e t s  o f
symbols r e p r e s e n t  th e  r e s u l t s  o f  r e p l i c a t e  experim en ts .
(B) The i n a c t i v a t i o n  o f  AR6L0 ( •  , ------- ) and GM730 ( O , -------- ) c e l l s  by 365 nm i r r a d i a t i o n  a t
0 C. Mean experim en ta l p o in t s  a t  each f lu en c e  and c a l c u l a t e d  mean l i n e s  d e p ic te d ,  n o n - i r r a d i a te d )
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F ig u re  34 . (A) The i n a c t i v a t i o n  o f  AR6L0 c e l l s  by 365nm i r r a d i a t i o n  a t  3 7 ° C .  D i f f e r e n t  s e t s  o f
symbols r e p r e s e n t  th e  r e s u l t s  o f r e p l i c a t e  experim en ts .
(B) The i n a c t i v a t i o n  o f  AR6L0 ( •  , ----------) and GM730 ( O , ---------------- ) c e l l s  by 365nm i r r a d i a t i o n
a t  3 7  C .  M e a n  e x p e r i m e n t a l  p o i n t s  a t  e a c h  f l u e n c e  a n d  c a l c u l a t e d  m e a n  l i n e s  d e p i c t e d .



TABLE 9

T em perature

37°C

SURVIVAL PARAMETERS FOR THE IHACTIVATION OF AR6LO CELLS BT 365 NM 

IRRADIATED AT 0°C AND 37°C

E xpt. Slope 
No. (Jm" ) " '

54
55
56
57
58

59
60

S ta n d a rd  I n te r c e p t  S ta n d a rd  
D e v ia t io n  y - a x is  D e v ia tio n

.-63.48x10 £ 8.60x10
5.06x10"? 4.27x10
5.41x10"? 2.53x10
5.28x10"® 8.77x10
6.50x10 3.11x10

-7
-7
-7
-7
-7

3.11x10
3.72x10*
6.22x10*
6.23x10*
5.33x10*

1.99x10
1.47x10
8.01x10
2.77x10
9.83x10

-1
-1
-2
-1
-2

Mean 5 .15x10 4.92x10 - 1

.-7 »-7 k-2 ,-2

6 .8 7 x 1 0 " ' 1.34x10“ ' -2 .29x10  4.14x10*

Mean 7 .33x10 -7 -3 .2 3 x 1 0 -2

t D-°2
Jm

Dq«
Jm"

D1Q
Jm"

1.25x10? 
8.58x10^ 
8 .03x10^ 
8.22x10^ 
6.68x10

8.95x10? 
7.35x10(1 
1.15x10® 
1.18x10® 
8.20x10

3.77x10
2.71x10;
3.00x10;
3.07x10;
2 .36x10

8 .80x105 9 .56x104 2.98x10 '

5 .57x10S 
6 .32x10

-5 .3 4 x 1 0 ?
-3 .3 3 x 1 0

1.23x1o!
1.42x10

5 .95x105 -4 .3 4 x 1 0 4 1.33x10*

D ata i n  Appendix 8 (T ab le  A17)
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C a lc u la te d  p a ra m e te rs  f o r  th e  in d iv id u a l  ex p e rim en ts  a r e  found  i n  

T ab le  10. The s u rv iv o r  c u rv e s  o b ta in e d  f o r  AR c e l l s  a t  th e  th r e e  

te m p e ra tu re s  d id  n o t shew any s ig n i f i c a n t  d i f f e r e n c e s  from  th e  

normal GM730 re sp o n se . They a ls o  fo llo w ed  th e  same p a t t e r n  o f  

re sp o n se  a s  th e  normal c e l l s  to  an  a l t e r a t i o n  o f  th e  i r r a d i a t i o n  

te m p e ra tu re  i n  t h a t  th e  r e s i s ta n c e  o f AR c e l l s  was p ro g re s s iv e ly  

d e c re a se d  a s  th e  i r r a d i a t i o n  te m p e ra tu re  w as in c re a s e d .  T h is  r e s u l t  

c o n firm s  t h a t  AR s e n s i t i v i t y  to  far-UV r a d i a t i o n  i s  norm al and 

d e te rm in ed  by s im i la r  m echanism s o f  l e t h a l i t y  to  th o se  o f normal 

GM730 c e l l s .

S e n s i t i v i t y  o f  AR F ib r o b la s t s  t o  Mid-DV (313 nwl R a d ia t io n

The re sp o n se  o f AR c e l l s  to  313 nm i r r a d i a t i o n  a t  0 °  and 25°C 

was d e te rm in e d  (F ig s . 38 A, 39 A) and com pared t o  normal GM730 

resp o n se  i n  F ig . 38 B, 39 B. Again, a s  seen  i n  th e  g ra p h s  and by 

com paring th e  c a lc u la te d  p a ra m e te rs  o f  T ab le  11 and T ab le  4 fo r  AR 

and GM730 c e l l s ,  r e s p e c t iv e ly ,  th e re  was no d i f f e r e n c e  i n  th e  

re sp o n se  o f th e  two c e l l  l i n e s  t o  t h i s  w av e len g th .

Normal and AR Human F ib r o b la s t  Response t o  P aim a Ra d ia t io n

The q u e s t io n  o f  w h e th e r th e re  i s  any c r o s s - s e n s i t i v i t y  betw een 

c e l l s  showing in c re a s e d  s e n s i t i v i t y  to  g a m m a -ir ra d ia tio n  and c e l l s  

showing in c re a s e d  s e n s i t i v i t y  to  a s p e c i f i c  s e c t io n  o f  UV l i g h t  i s  a 

p o s s i b i l i t y  t h a t  h a s  been  th e  s u b je c t  o f a  number o f in v e s t ig a t io n s .  

I t  h a s  been su g g e s te d  t h a t  an  AT s t r a i n  (AT4BI) abno rm ally  

s e n s i t i v e  to  gamma r a d i a t i o n  i s  a ls o  s e n s i t i v e  to  313nm r a d i a t i o n ,  

(Sm ith and P a te rs o n , 1981; Keyse e t  a l . ,1 9 8 5 )  b u t th e  m ost ty p ic a l  

r e p r e s e n ta t iv e  o f far-UV s e n s i t i v i t y  . i . e .  XP c e l l  s t r a i n s  f a l l  i n to

-  90 -
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F ig u re  R5. (A) The i n a c t i v a t i o n  o f  AR6L0 c e l l s  by 254nm i r r a d i a t i o n  a t  0°C. D i f f e r e n t  s e t s  o f  
symbols r e p r e s e n t  th e  r e s u l t s  o f  r e p l i c a t e  experim ents .
(B) The i n a c t i v a t i o n  o f  AR6L0 ( •  , ----------  ) and GM730 ( O ,  ) c e l l s  by 25^nm i r r a d i a t i o n
a t  0 C. Mean experim en ta l p o in t s  a t  each f lu en c e  and c a l c u l a t e d  mean l i n e s  d e p ic te d .
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Figure_J&. (A) The i n a c t i v a t i o n  o f  AR6L0 c e l l s  by 254nm i r r a d i a t i o n  a t  25°c. D i f f e r e n t  s e t s  o f  
symbols r e p r e s e n t  th e  r e s u l t s  o f  r e p l i c a t e  experim ents .
(B) TJe i n a c t i v a t i o n  of AR6L0 ( •  , -------  ) and GM730 ( o  , ------------- ) c e l l s  by 254nm i r r a d i a t i o n
a t  25 C. Mean experim en ta l p o in t s  * ‘ ““ -
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a t  each f lu e n c e  and c a l c u l a t e d  mean l i n e s  d e p ic te d .
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F ig u re  T7. (A) The i n a c t i v a t i o n  o f  AR6L0 c e l l s  by 254nm i r r a d i a t i o n  a t  3 7 One experim ent shown.
(B) The i n a c t i v a t i o n  o f  AR6L0 ( • ,    ) and GM730 c e l l s  ( O ,  ) c e l l s  by 25^nm i r r a d i a t i o n
a t  37 C. S in g le  experim ent f o r  AR6L0 and mean response  of GM730 c e l l s  d e p ic te d .



TABLE 10

SURVIVAL PARAMETERS FOR THE INACTIVATION OF AR6L0 CELLS BT 254 NM 

IRRADIATED AT 0°C, 25°C , AND 37°C

E xpt. Slopg , 
T em peratu re No. (Jm“ ) ”

0°C 61
62
6 3

,-2

S tan d a rd  I n te r c e p t  S ta n d a rd  DOg Dq^
D e v ia tio n  y - a x is  D e v ia tio n  Jm~ Jm”

- 32.34x10 "  4.11x10 1 2.94x10-2 - 3
1. 62x 10*2 1 . 86x 10j 1 . 26x 10

3 . 26x 10 "  2 .04x10 t  5.45x10 ' 8 . 02x 10 Z 1 . 33x 10„' 1 . 67x 10
2 . 86x 10-2 1.43x10”3 5 . 16x 10 ' 5 .81x10 1 .5 2 x 1 0 ' 1 . 81x 10-1 -2 1

25°C

Mean 2 .8 2 x 1 0

6 4

-2 4 .5 2 x 1 0 -1

-13 . l 6x 10~p 3 .42x10“3 
65 3 .17x10 1 . 02x 10 5 . 07x 10

.-1

1 .5 7 x 1 0 1 1 .5 8 x 1 0

-25.47x10 ' 1 . 25x 10 ' 1.37x10^ 1.73x10
4.31x10 1 . 37x 10 1.60x10

37°C

Mean 3 .1 7 x 1 0 -2

„-266 3.35x10

D ata i n  Appendix 8 (T ab le  A18)

,-3

5 .2 7 x 1 0 -1

,-1 -2

1 .3 7 x 1 0 1 1 .6 7 x 1 0

,14.15x10 J 2 . 61x 10 ' 1 . 67x 10 1.30x10 7 .81x10

5.53x10] 
4 .7 4 x 1 0 ' 
5 . 30x 10

5 .1 9 x 1 0 1

4.90x1o]
4.75x10

4 .8 3 x 1 0 1

3 . 7 6 x 1 0 1
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F ig u re  38 . (A) The in a c t iv a t io n  o f  AR6L0 c e l l s  by 313nm i r r a d i a t i o n  a t  0 °c# Dif f e r en t s e t s  o f 
symbols r e p re s e n t  th e  r e s u l t s  o f r e p l i c a te  experim en ts.
(B) The in a c t iv a t io n  o f AR6L0 ( • , ------- ) and GM730 ( O , - — ) c e l l s  by 313nm i r r a d i a t i o n  a t
0 C. Mean ex p erim en ta l p o in ts  a t  each f lu e n c e  and c a lc u la te d  mean l i n e s  d e p ic te d .
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F i g u r e  3 Q . ( A )  T h e  i n a c t i v a t i o n  o f  A R 6 L 0  c e l l s  b y  3 1 3  nm i r r a d i a t i o n  a t  2 5 ° C .  D i f f e r e n t  s e t s  o f  
s y m b o l s  r e p r e s e n t  t h e  r e s u l t s  o f  r e p l i c a t e  e x p e r i m e n t s .
( B £  T h e  i n a c t i v a t i o n  o f  A R 6 L 0  (  •  , - -------  ) a n d  G M T 3 0  ( o  f  )  c e l l s  b y  3 1 3  n m i r r a d i a t i o n  a t
2 5  C .  M e a n  e x p e r i m e n t a l  p o i n t s  a t  e a c h  f l u e n c e  a n d  c a l c u l a t e d  m e a n  l i n e s  d e p i c t e d .



TABLE 11

T em perature

25°C

SURVIVAL PARAMETERS FOR THE IHACTIVATION OF AR6LO CELLS BT 313 NM 

IRRADIATED AT 0 °  AND 2 5 °C

E xpt. S lope 1 
No. ( Jm” )

67
68 
69

3.82x10 -5
-5

S tan d a rd  I n te r c e p t  S tan d a rd  DOg 
D e v ia tio n  y - a x is  D e v ia tio n  Jm”

3 .71x10”g 6 .8 1 x 1 0 ^ .-1

tD-2Jm

2.60x10 -5 -1 -2

D1Q
Jm”

1 .4 9 x 1 0 ^  1.14x10^ 1.78x107 4.40x10,
4 .24x10 i  6 .7 2 x 1 0 ^  7 .70x10 \ 2 .70x10 7 1.02x107 1.81x107 4 .17x10

1.10x10 2.53x10 4 .31x10 1.67x10 9*73x10J 4.82x10

Mean 3*55x10

70
71

- 5 5 .6 8 x 1 0 -1 1 .2 8 x 1 0  1 .5 2 x 1 0  4 .4 6 x 1 0

2.38x10” ;! 1.98x10"$ -5 .56x10"2 7 .38x10"2 1 .82x1oj[ 2.33x103 4.44x1oJ[ 
2.67x10 2.74x10 -4.30x10 1.02X10"1 1.63x10 -1 .61x10 3-58x10^

Mean 2 .5 3 x 1 0 ” 5

D ata i n  Appendix 8 (T ab le  A19)

-4 .9 3 x 1 0 ”2 1 .7 3 x 1 0 4 1 .0 9 x 1 0 3 4.01x10**



th e  norm al range  o f r a d i o s e n s i t i v i t y  ( A r l e t t  and H a rc o u rt, 1980;

D r i t s c h i lo  e t  a l . , 1984).

G am m a-irrad ia tio n  e x p e rim e n ts  w ere perform ed w ith  c e l l s  i n

su sp e n s io n , bubbled  w ith  oxygen, a t  room te m p e ra tu re  (20°C ), a s

d e s c r ib e d  i n  th e  M a te r ia ls  and Methods s e c t io n .  The dose r a t e  was 

3 -110 ra d s  min * The r e s u l t s  o f  4 ex p erim en ts  w ith  AR c e l l s  and 2

w ith  GMT30 c e l l s  a r e  shown i n  p a n e ls  A, B o f F ig . 4 0 , r e s p e c t iv e ly .

The mean re s p o n s e s  o b ta in e d , which w ere c a lc u la te d  from  th e

in d iv id u a l  p a ra m e te rs  f o r  each  experim en t shown i n  T ab le  12, showed

t h a t  th e  two c e l l  l i n e s  d id  n o t e x h i b i t  a  s i g n i f i c a n t  d i f f e r e n c e  i n

t h e i r  re sp o n se  to  gamma r a d i a t i o n ,  a lth o u g h  GM730 c e l l s  showed a

sm all sh o u ld e r  fo llo w e d  by a  s l i g h t l y  s te e p e r  s lo p e  (D^ o f 95 .7  ra d s

fo r  GM730 com pared to  121 ra d s  f o r  AR). The s te e p e r  s lo p e  o f GM730

was n o t r e f l e c t e d  i n  th e  D ^  v a lu e s  w hich w ere  369 ra d s  f o r  GM730

and 283 ra d s  f o r  AR, JL.e. by com parison o f  v a lu e s  AR c e l l s  w ere

more s e n s i t i v e .  Com parison to  o th e r  p u b lish e d  v a lu e s  on th e

r a d i o s e n s i t i v i t y  o f human f i b r o b l a s t s  shows bo th  re sp o n se s  t o  be

w ith in  th e  normal range s in c e  i n  a su rvey  o f r a d i o s e n s i t i v i t y  by

A r le t t  and H a rc o u rt (1980) w here 54 human c e l l  s t r a i n s  w ere  a s sa y e d ,

th e  normal s e n s i t i v i t y  was d e s c r ib e d  by v a lu e s  o f  97 to  180 r a d s .

I t  sho u ld  be no ted  t h a t  th e r e  i s  good agreem ent betw een th e  two

ex p e rim e n ta l m ethods used  s in c e  i n  th e  above s tu d y , lo g -p h a se  c e l l s

w ere i r r a d i a t e d  i n  su sp e n s io n , i n  a i r ,  a t  am bien t te m p e ra tu re .

However, th e  d o s e - r a te  u sed  by A r le t t  and H arco u rt was 1 .8 -3*2  ra d s  

-1min , ap p ro x im ate ly  30-60 tim e s  lcw er th a n  th e  d o s e - r a te  used  i n  

th e  ex p erim en ts  p re se n te d  above and , a c c o rd in g  to  D r i t s c h i lo  e t  a l .  

(1 9 8 4 ), human f i b r o b l a s t s  re sp o n d  w ith  an  enhancem ent i n  s u rv iv a l  

when th e  dose r a t e  i s  re d u c e d . In  t h e i r  s tudy  th ey  r e p o r te d  a  Dq
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TABLE 12

SURVIVAL PARAMETERS FOR THE INACTIVATION OF AR6LO and GK730 CELLS

BT GAMMA-IRRADIATION

C e ll L ine
E xpt.

No.
S lope , 
(Rads )"

S tan d a rd
D e v ia tio n

I n te r c e p t
y - a x is

S tan d a rd
D e v ia tio n

DO
Rads

Dq
Rads

AR6L0
AR6LO
AR6L0
AR6LO

72
73
74
75

3 .28x10"3 
3.61x10 ,  
3 .77x10"^  
3 . 69X10"3

2.81x10“ jf
3 .86x10“ ^
8.82x10"?
1.08x10

-1 .1 6 x 1 0 " !  
-3-70x10"!: 

1 .16x10": 
1 .01x10"

9-33x10"2
1 .29x10"!
4 .4 6 x 1 0 " ;
5.46x10

1 .32x102
1 .2 0 x 1 0 ;
1.15x101
1.18x10

-3 -53x1o]
-1 .0 2 x 1 0 ]

3-07x10]
2.74x10

Mean 3-59x10"3 1.60x10"2 1.21X102 3-15x10°

GM730
GM730

76
77

5 .40x10"3
3.91x10

3.40x10"{[
2.42x10

9.85x10“ ]
4.44x10

1.69x10"] 
1.33x10

8 .0 4x1o!
1.11x10

1.82X102
1.14x10

D10
Rads

2.70x10
2.67x10
2.96x10
2.98x10

2 .83x10 '

3.69x10

Mean 4 .66x10 -3 7-15x10-1 9-57x10 1 .48x102 3-69x102

D ata  i n  Appendix 8 (T a b le s  A20, A21)

CM 
CM 

OJ 
CM



v a lu e  o f 160 ra d s  when th e  dose r a t e  was 160 ra d s /m in  and a  DQ v a lu e  

o f 270 ra d s  when th e  dose r a t e  w as 3 ra d s /m in . These v a lu e s  w ere 

o b ta in e d  f o r  gamma i r r a d i a t i o n  o f  p rep a red  d i l u t i o n s  o f  human 

f i b r o b l a s t s  a t ta c h e d  on a  f l a s k ,  a t  ro an  te m p e ra tu re . Hie 

d isc re p a n c y  betw een t h e i r  r e s u l t s  and th o se  o f A r le t t  and H arco u rt 

(1980) rem a in s  t o  be e x p la in e d  b u t i s  p erhaps  r e l a t e d  to  th e  s ta g e  

o f  grow th of c e l l s  and to  t h e i r  p h y s ic a l s t a t e  d u rin g  i r r a d i a t i o n .

Normal and AR Human F ib r o b la s t  R esponse to  Hydrogen P ero x id e

S ince i t  h a s  been su g g e s te d  t h a t  th e  AR s e n s i t i v i t y  i s  r e l a t e d  

to  an  In c re a s e d  lo a d  o f  r e a c t iv e  oxygen s p e c ie s ,  th e  AR c e l l u l a r  

re sp o n se  to  was d e te rm in ed .

The ex p erim en ts  w ere d es ig n ed  so t h a t  th e  a p p ro p r ia te  

c o n c e n tra t io n s  o f  were added to  a t ta c h e d  c e l l s ,  p rep a red  a s

d e s c r ib e d  p re v io u s ly ,  48 h rs  a f t e r  p l a t in g .  2̂^2  was added *n tlae 

f u l l  grow th medium o f th e  c e l l s  i n  th e  d a rk . The p la t e s  w ere p la ced  

i n  boxes, g assed  and k e p t i n  th e  d a rk  a t  room te m p e ra tu re  fo r  a  24 

h r p e r io d  a t  th e  end o f  w hich th e  medium was d is c a rd e d  and f r e s h  

medium added. Boxes w ere  r e g a s s e d  and in c u b a te d  a s  norm al.

The mean r e s u l t  o f 2 r e p l i c a t e  experm en ts f o r  each c e l l  l i n e  

i s  shown i n  F ig . 4 1 . Both c u rv e s  w ere  c h a ra c te r iz e d  by a  sh o u ld e r  

fo llo w ed  by e x p o n e n tia l in a c t iv a t io n  w hich proceeded a t  

ap p ro x im ate ly  doub le  th e  r a t e  i n  AR c e l l s  (D^ fo r  AR=3.77 Dq fo r  

GM=6.65 ^M ). These r e s u l t s  can  be compared w ith  o th e r  p u b lish e d  

d a ta  such a s  t h a t  o f Hoffmann and M eneghini (1979b) who found th e  

av erag e  c o n c e n tr a t io n  t h a t  co rre sp o n d s  to  37 p er c e n t s u rv iv a l

to  be 9 .6  + 2 .5  fo r  an  SV40 tra n s fo rm e d  WI-38 c e l l  l i n e ,  VA13. 

Our c o rre sp o n d in g  v a lu e s  w ould be 15 .4  fo r  AR c e l l s  and 21.1
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TABLE 13

C e ll L ine 

AR6L0

GM730

SURVIVAL PARAMETERS FOR THE INACTIVATION OF AR6LO AND GMT30 CELLS BT

E xpt. S lope 
JaM"

,-1

S tan d ard
D e v ia tio n

-2
-1 -2

I n te r c e p t
y - a x is

78 1.11x10 ' 3 .06x10 " 1.46x10
79 1.20x10 3.90x10 1.43x10

S tan d a rd
D e v ia tio n

7 .40x10
1.00x10

-1
-1

DO Dq
ycM

D10
|*M

3.91x10^  1 . 3 1 x 1 0 ’ 2 . 2 2 x 1 0  
3.62x10  1.19x10 2 .03x10

Mean 1 .1 6 x 1 0 -1 1 .45x10 3 .7 7 x 1 0 °  1 .2 5 x 1 0 1 2 .1 3 x 1 0 1

80 5.59x10~p 7 .98x10“^ 9 .06x10"] 2 .30x10“ ] 7 .7 7 x 1 0 °  1 .62x1o] 3 .41x1o]
81 7 .86x10 1.92x10 9 .98x10" 5 .52x10" 5.52x10 1.27x10 2 .54x10

Mean 6 .7 3 x 1 0 -2 9 .5 2 x 1 0 -1 6 .6 5 x 1 0 1 .4 5 x 1 0 1 2 .98X 101

D ata i n  Appendix 8 (T ab le  A22)



fo r  GM730 c e l l s .  T h is  d i f f e r e n c e  i s  n o t v e ry  la r g e ,  c o n s id e r in g  th e  

d i f f e r e n c e s  i n  m ethodology, t h e i r  c e l l s  b e in g  in c u b a te d  w ith  H2 02

fo r  30 m inu tes a t  37°C. Ward e t  a l .  (1985) c la im  t h a t  c e l l s  a r e

more r e s i s t a n t  a t  0 °  th a n  a t  37°C, which i s  c o n s is te n t  w ith  our 

r e s u l t s ,  o b ta in e d  a t  20°C, w hich showed an  in c re a s e d  c e l l u l a r  

r e s i s t a n c e  r e l a t i v e  to  t h a t  r e p o r te d  by Hoffmann and M eneghini 

(1 9 7 9 b ).

The m echan isa  of damage by H2 02 has n o t y e t  been  e lu c id a te d .  

H2 02 has been  shown to  produce s in g le - s t r a n d  b reak s  i n  c e l l u l a r  DNA 

of V-79 c e l l s  and human f i b r o b l a s t s  (Ward e t  a l . ,  1985; Hoffmann and 

M eneghini, 1979b) b u t n o t i n  p u r i f i e d  DNA (Hoffmann and M eneghini, 

1979b). T h is  h a s  l e d  to  th e  c o n c lu s io n  t h a t  a n o th e r ,

i n t r a c e l l u l a r l y  g e n e ra te d , s p e c ie s  e x e r t s  t h i s  damage and OH i s  th e  

most p ro b ab le  c a n d id a te .  However, th e  im p o rtan ce  o f th e se  

s in g le - s t r a n d  b re a k s  i n  in d u c in g  l e t h a l i t y  i s  n o t known s in c e  th ey  

a r e  e f f e c t iv e l y  r e p a i r e d ,  90 p e r c e n t o f th e  o r ig in a l  s in g le - s t r a n d  

b reak s  in d u ced  by 0 .1  mM H2 02 in  human f i b r o b l a s t s  b e in g  r e p a i r e d

w i th in  10 h o u rs  (Hoffmann and M eneghini, 1979b). A s im i la r

c o n c lu s io n  i s  re a c h e d  by Ward e t  a l .  (1985) who su g g e s t t h a t  

s in g le - s t r a n d  b re a k s  a r e  in e f f e c tu a l  in  ca u s in g  c e l l  d e a th .

T h e re fo re , a n o th e r  DNA o r p o s s ib ly  non-DNA l e s i o n  co u ld  le a d  

to  l e t h a l i t y  b u t th e r e  have been no s p e c u la t io n s  re g a rd in g  i t s  

i d e n t i t y .  The AR c e l l s  show a s e n s i t i v i t y  to  t h i s  a g e n t w hich i s  

c o n s is te n t  w ith  th e  p re v io u s  p ro p o sa l t h a t  th e y  may have an  

i n a b i l i t y  to  scavenge r e a c t i v e  oxygen s p e c ie s .  E d i t i o n  t o  a

b io lo g ic a l  system  can be c o n s id e re d  to  in c re a s e  th e  lo a d  o f  s e v e ra l  

o th e r  oxygen s p e c ie s .  The g e n e ra t io n  o f  OH a t  a  p a r t i c u l a r  s i t e  

w ould be p o s s ib le  v i a  a m e ta l- c a ta ly z e d  H aber-W eiss r e a c t io n ,  and
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co u ld  be e x p ec ted  to  have im p o r ta n t consequences f o r  c e l l  s u r v iv a l .

I f  t h i s  s i t e  happened t o  be a  membrane s i t e y a s  OH* i s  known to  be a

v e ry  good hydrogen  a b s t r a c to r ,  i t  w ould be a b le  to  s t a r t  a  c h a in  o f

l i p i d  p e ro x id a t io n  r e a c t io n s .  In  v i t r o  su d ie s  have shown hydrogen

p ero x id e  and su p e ro x id e  a n io n s  t o  be a b le  to  cause p e ro x id a t io n  o f

f a t t y  a c id s  v i a  th e  g e n e ra t io n  o f  hydroxy l r a d i c a l s  and s i n g l e t

oxygen w hich d i r e c t l y  o x id iz e  th e  u n s a tu ra te d  f a t t y  a c id s  (K ellogg

and F rid o v ic h , 1975). I t  i s  n o t  c l e a r  w h eth er l i p i d  p e ro x id a t io n

can le a d  to  c e l l  l e t h a l i t y  d i r e c t l y  bu t i t  w ould s e v e re ly  damage

membranes. A l te rn a t iv e ly ,  l e t h a l  damage may occur i n  c e l l u l a r  DNA

w here OH i s  th o u g h t to  cause  s in g le - s t r a n d  b re a k s . B otcherby  e£ j l .

(1984) have a l re a d y  re p o r te d  an  in c re a s e d  in c id e n c e  o f s in g le - s t r a n d

b reak s  i n  a c t i n i c  r e t i c u l o i d  ( r e l a t i v e  to  norm al) c e l l u l a r  DNA

fo llo w in g  b road -b an d  near-UV i r r a d i a t i o n ,  a t  room te m p e ra tu re , i n

DMEM grow th medium. Under th e se  i r r a d i a t i o n  c o n d i t io n s  to x i c
•

p h o to p ro d u c ts  such a s  hydrogen  p e ro x id e  and a t  p a r t i c u l a r  s i t e s ,  OH, 

would be e x p ec ted  t o  be form ed. W hether near-UV induced  

s in g le - s t r a n d  b reak s  a r e  more e f f e c t i v e  i n  c a u s in g  c e l l  d ea th  i n  AR 

c e l l s  th a n  normal c e l l s  i s  a  p o in t  t h a t  needs f u r th e r  ex am in a tio n .

I t  m igh t be p o s tu la te d  t h a t  normal c e l l s  do n o t s u f f e r  damage 

to  th e  same e x te n t  s in c e  th e y  m igh t be more a b le  to  remove bo th  

and o th e r  r e s u l t i n g  s p e c ie s  b e fo re  l e s i o n  fo rm a tio n . An a l t e r n a t i v e  

p ro p o sa l w ould be t h a t  l e s i o n  fo rm a tio n  ta k e s  p la c e  i n  bo th  c e l l  

l i n e s  b u t, w hereas norm al c e l l s  a r e  a b le  to  r e p a i r  i t  to  a c e r t a in  

e x te n t ,  AR c e l l s  may have a d e fe c t  i n  a r e p a i r  p ro c e s s  and hence 

shew an in c re a s e d  s e n s i t i v i t y .
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THE EFFECT OF A VITAMIH E ANALOGUE, TROLOX-C, ON THE SENSITIVITY OF 

NORMAL AND ACTINIC RETICOLOID FIBROBLASTS TO NEAR-UV RADIATION

In  o rd e r  to  t e s t  th e  h y p o th e s is  t h a t  AR c e l l s  have a red u ce d  

a b i l i t y  to  cope w ith  an  e x c e s s  o f  r e a c t iv e  oxygen s p e c ie s  and 

p o s s ib le  o th e r  f r e e  r a d i c a l s  form ed d u rin g  near-UV i r r a d i a t i o n ,  th e  

e f f e c t  o f  an a n t io x id a n t  on th e  i n a c t i v a t i o n  o f  AR c e l l s  by U V -lig h t 

was exam ined. The ch o ice  o f  v i ta m in  E was made due to  i t s  l i p i d  

s o lu b le  c h a ra c te r  w hich  a l lo w s  i t  to  c o n c e n tra te  i n  c e l l u l a r  

membranes, a p o s s ib le  t a r g e t  f o r  near-U V -induced l e t h a l i t y .  

Embedded i n  th e  membranes, i t  i s  th o u g h t bo th  to  scavenge s i n g l e t  

oxygen (Grams and E sk in s , 1972; F oo te  e t  a l . ,  1974) and su p e ro x id e  

r a d i c a l s  (Yagi e t  a l . ,  1978; Ozawa and H anaki, 1985) and a l s o  t o  

te rm in a te  l i p i d  p e r o x id a t io n  r e a c t io n s  (W ittin g , 1980 ). 

A d d it io n a lly ,  i t  can  p ro v id e  s t r u c t u r a l  su p p o rt to  membranes by 

i n t e r a c t i n g  w ith  th e  f a t t y  a c id s  o f  membrane p h o sp h o lip id s  (D ip lo ck  

and Lucy, 1973; S r iv a s ta v a  e t  a l . .  1983).

P r a c t i c a l  problem s o f  h a n d lin g  l i p i d  s o lu b le  form s o f  v i ta m in  

E made th e  use o f  th e  w a te r - s o lu b le  an a lo g u e , T rolox-C , in  w hich th e  

lo n g  hyd rocarbon  c h a in  i s  s u b s t i t u t e d  by a  -C00H group , p r e f e r a b le .  

A lthough t h i s  h y d ro carb o n  c h a in  was o r ig i n a l l y  th o u g h t to  a s s i s t  i n  

th e  i n t e r a c t i o n  o f  v i ta m in  E and th e  f a t t y  a c id s  o f  membrane l i p i d s  

i t  h a s  r e c e n t ly  been shown t h a t  th e  i n t e r a c t i o n  ta k e s  p la ce  v i a  th e  

m ethy l and h y d ro x y l g ro u p s  o f  th e  chrom anol n u c leu s  (E r in  e t  a l . . , 

1985) which a r e  r e t a in e d  i n  th e  Trolox-C  analogue  a s  seen  below. The
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s t r u c t u r e  o f a lp h a - to c o p h e ro l a c e ta te  i s  a l s o  in c lu d e d  f o r  f u tu r e  

r e f e r e n c e .

CH

/  CHH,C

CH

V itam in  E

Al ph a -1  o co ph e r  ol

a c e ta t e

R1 R2

CH«

-ch2 ( ch2ch2chch2 ) h - oh

I / °
■CH2 (CH2CH2CHCH2 ) H -0CCH3

-COOH -OH Trolox-C



The P se  o f  T rolox-C  i n  t h e  P r e -  or P o st I r r a d ia t io n  Medium

For use i n  th e  e x p e rim e n ts  d e sc r ib e d , 1 mg/mL s o lu t io n s  o f  

T rolox-C  w ere p re p a re d  by th e  a s e p t i c  a d d i t io n  o f  th e  powdered form 

i n  s t e r i l e  doub le  d i s t i l l e d  w a te r .  S ince v ita m in  E can become 

o x id iz e d , th e  s o lu t io n s  w ere  on ly  k ep t f o r  use d u rin g  th e  same day. 

P h o to o x id a tio n  o f  v i ta m in  E a l s o  p rec lu d ed  i t s  use d u rin g  

i r r a d i a t i o n ,  so i t  was o n ly  used  b e fo re  and a f t e r  i r r a d i a t i o n .

When T rolox-C  was in c o rp o ra te d  i n  th e  p o s t - i r r a d i a t i o n  medium 

0.6fe>l o f th e  1 mg/mL s o lu t io n  was added to  th e  p la te s  w ith  th e  

e q u iv a le n t  volume o f d o u b le  d i s t i l l e d  w a te r  added to  th e  c o n t r o l s .  

For t h i s  s e t  o f ex p e rim en ts  th e  p la t e s  w ere p rep a red  w ith  9 ml o f 

medium to  w hich 1 ml o f c e l l s  w ere added so t h a t  a p p ro x im a te ly  60 

^.g/mL Trolox-C  was p re s e n t  i n  th e  p o s t - i r r a d i a t i o n  medium, d u r in g  

th e  in c u b a t io n  p e r io d . T h is  c o n c e n tra t io n  was chosen  from  a 

p re lim in a ry  p la t in g  ex p e rim en t i n  w hich ou t of th e  1 , 5 ,  10, 30 and 

60 ^ig/ml Trolox-C  c o n c e n tr a t io n s  used , 60 i*g/mL was shown t o  

in c re a s e  th e  p la t in g  e f f i c i e n c y  m ost.

An a l t e r n a t i v e  m ethod f o r  u s in g  Trolox-C  was to  in c lu d e  i t  i n  

th e  grow th medium of th e  c e l l s  d u rin g  th e  l a s t  s u b c u ltu re ,  48 h o u rs  

b e fo re  th e  ex p erim en t. A 1 .5  n i volume o f th e  1 mg/mL s o lu t io n  was 

added to  13.5 mL o f th e  grow th medium to  g iv e  a  100 \*g/mL 

c o n c e n tra t io n  o f  T ro lox-C . T ry p s in iz a t io n  and w ash ing  o f  c e l l s  to o k  

p la c e  a s  norm al b e fo re  th e  ex p erim en t, so any e f f e c t  seen  cou ld  be 

a t t r i b u t e d  to  th e  v i ta m in  b e in g  a c t iv e ly  tak en  up d u rin g  th e  grow th 

o f th e  c e l l s .
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The E ffec t of Trolox-C on the  Growth C harac te ris tic s o f Normal and

AR F ib r o b la s t s

The e f f e c t  o f T rolox-C  on th e  grow th c h a r a c t e r i s t i c s  o f  th e  

c e l l s  w as d e te rm in ed  i n  o rd e r  to  ex c lu d e  th e  p o s s i b i l i t y  o f any 

ad v e rse  t o x i c i t y .  Growth c u rv e s  i n  th e  p resen ce  and  ab sence  o f 30 

yLg/ml T rolox-C  i n  th e  medium w ere c o n s tru c te d  and a r e  shown i n  F ig . 

42 fo r  AR (P anel A) and GM730 c e l l s  (P anel B ) . E xperim en tal d e t a i l s  

a r e  in c lu d e d  i n  Appendix 6 . I t  can be seen  t h a t  a t  th e  c o n c e n tra t io n  

u sed , Trolox-C  d id  n o t  s ig n i f i c a n t l y  a l t e r  th e  growth 

c h a r a c t e r i s t i c s  o f  e i t h e r  c e l l  l i n e  bu t i t  m arkedly  reduced  th e  

i n i t i a l  f a l l  i n  c e l l  number observed  d u r in g  th e  f i r s t  48 hours 

fo llo w in g  s u b c u ltu r e .  T h e re fo re  t h i s  l o s s  o f  c e l l s ,  w hich was more 

pronounced f o r  AR c e l l s ,  may be due to  some damage w hich can be 

p a r t i a l l y  a l l e v i a t e d  by T ro lox-C .

The E f f e c t  o f  T rolox-C  and A lpha-T ocopherol A c e ta te  on th e  

Near-UV (3 6 5  m l  T n a o t iv a t io n  o f  Normal and AR F ib r o b la s t s

The e f f e c t  o f  th e  v i ta m in  E an a lo g u e , T ro lox-C , on th e  

s e n s i t i v i t y  of AR c e l l s  t o  365 m , a t  25°C, was in v e s t ig a t e d .  These 

i r r a d i a t i o n  c o n d i t io n s  w ere  chosen  a s  th e y  show a  d i f f e r e n c e  i n  

s e n s i t i v i t y  betw een AR and norm al c e l l s .  The T rolox-C  was in c lu d e d  

i n  th e  p o s t - i r r a d i a t i o n  medium, a t  a c o n c e n tr a t io n  o f  60 y^/m L, a s  

i n  t h i s  way a d i r e c t  com parison  cou ld  be made w ith  th e  same c e l l  

su sp e n s io n  p la te d  i n  medium w ith  and w ith o u t T ro lox-C .

The r e s u l t s  o b ta in e d  a r e  shewn i n  F ig . 4 3 . The p o in ts  

r e p r e s e n t  th e  mean o f  3 m atched ex p e rim en ts  f o r  AR c e l l s  (P anel A) 

and o f  2 ex p e rim en ts  f o r  GWT30 c e l l s  (P anel B ) . The c a lc u la te d
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TABLE 14

SURVIVAL PARAMETERS FOR THE INACTIVATION OF AR6LO AND GM730 CELLS BT 365 NM 

AT 25°C, IN THE PRESENCE AND ABSENCE OF 60 TROLOX-C IN THE PLATING MEDIUM

S tan d a rdC e ll T ro lox  E xp t. S lope 
L ine C No. (Jm" )"

AR6L0 82
83
84

2.68x10
1.47x10
1.80x10

-6
-6
-6

I n te r c e p t  S ta n d a rd  DO- 
D e v ia t io n  y - a x is  D e v ia tio n  Jm"

2.74x10“^ 8 . 4 0 x 1 0 " 2  5 . 1 0 x 1 0
2 .4 6 x 1 0 " ' 5 .5 1 x 1 0 "; 4.59x10
1.34x10 4.60x10 2.26x10

-2
-2
-2

1.62x10
2.96x10
2.42x10

tD-2Jm

3.13x10.

D1Q
Jm"

2.96x10:1 3 -75x10 ; 6 .84x10 
2 .56x10 -  “

4 .04x10
6.84x10
5.81x10

AR6LO

Mean 1.98x10* 4.52x10 -2 2 .33x105 2.02x10** 5 .56x10

48
49
50

4.09x10"$
3 .39x10"°
3 .31x10"°

4.01x10 - 7
- 7

,-2 .-27.21x10 ^ 7 .17x10 ^ 1.06x10^ 1.76x10,-2 -22.10x10 ' 3.66x10 « 3 .26x10 " 1 .28x10^ 1.08x10
2.33x10"7 1.39x10 -1 4.06x10 -2 1.31x10 4.19x10

2.62x10
3.06x10
3.44x10

Mean 3.60X10**6 3 .4 5 x 10"2 1.22X105 2.34x10** 3 .04x10S

GM730 + 85 1.30x10“^ 1.60x10"7 -2 .3 5 x 1 0 "2 3 .31x10“ 2 3 .34x10S -1 .8 1 x 1 0 ^ 7 .51x10?
+ 86 7 .96x10" 1 .66x10"' 4.65x10 3.24x10 5.45x10 5.84x10 1.26x10

Mean 1.05X10"6 -9 .4 3 x 1 o"3 4 .40x10S -6 .1 3 x 1 0 3 1.01x106

GMT30 10 1.43x10"^ 1.64x10“7 -1 .5 8 x 1 0 "2 3.30X 10"2 3 .0 4 x 1 0 S -1 .1 1 x 1 0 ? 6 .88x10?
- 11 8.42x10 1 .62x10" ' -5 .21x10 3.35x10* 5.16x10 -6 .1 9 x 1 0 1.13x10

Mean 1.14X10-6 -3 .4 0 x 1 O*2 4 .10x10S -3.65x10** 9 .09x10S

D ata i n  Appendix 8 (T ab le  A23)
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p a ra m e te rs  f o r  th e  in d iv id u a l  ex p erim en ts  a r e  in c lu d e d  i n  T ab le  14.

The r e s u l t s  c l e a r ly  shewed t h a t  th e  p resen ce  o f T rolox-C  p ro te c te d

th e  AR b u t n o t th e  normal c e l l s .  The p r o te c t io n  o f  th e  AR c e l l s  by

Trolox-C  was such t h a t  t h e i r  r e s i s t a n c e  was in c re a s e d  tw o -fo ld  

-2  -2(Do=233 kJm or 122 kJm in  th e  p resen ce  and  absence o f  Trolox-C  

i n  th e  p la t in g  medium, r e s p e c t iv e l y ) .  An a tte m p t was made to  

de te rm in e  w hether d e lay  o f a d d i t io n  o f  T rolox-C  f o r  d i f f e r e n t  tim e 

p e r io d s  w ould s t i l l  r e s u l t  i n  m easu rab le  p r o te c t io n .  The c o n c lu s io n  

from  two e x p e rim e n ts , th e  r e s u l t s  o f  w hich a r e  shown i n  T ab le  15, 

was t h a t  Trolox-C  added up to  s e v e ra l  h o u rs  a f t e r  i r r a d i a t i o n  cou ld  

s t i l l  p r o te c t  AR c e l l s .  T h is  i s  c o n s is te n t  w ith  th e  id e a  t h a t  

T rolox-C  may s to p  l i p i d  p e r o x id a t io n  r e a c t io n s  w hich w ould be 

ex p e c te d  to  be a  slew  p ro c e s s , bu t more ex p e rim en ta l d a ta  a r e  needed 

to  c l a r i f y  th e  le n g th  of t h i s  p o s t - i r r a d i a t i o n  tim e  p e r io d  d u rin g  

w hich Trolox-C  a d d i t io n  i n  th e  p la t in g  medium c o n tin u e s  to  be 

e f f e c t i v e .

An a l t e r n a t i v e  approach  to  th e  in c o rp o r a t io n  o f  Trolox-C  was

to  in c lu d e  i t  i n  th e  p r e - i r r a d i a t i o n  grow th medium. F ig u re  44 A

shows th e  r e s u l t s  o f  two r e p l i c a t e  e x p e rim en ts  o f  AR c e l l s  grown i n

th e  p resen ce  o f 100 yLg/ml T rolox-C  and i r r a d i a t e d  w ith  m onochrom atic

365 nm a t  25°C. I t  can  be seen  t h a t  Trolox-C  supp lem ented  c e l l s

showed in c re a s e d  r e s i s t a n c e  to  in a c t iv a t io n  r e l a t i v e  to  th e  re sp o n se

i n  th e  absence o f T ro lox-C , shown a s  a d o t te d  l i n e ,  ta k e n  from th e

-2d a ta  i n  F ig . 31 A. As seen  i n  T ab le  16 a f lu e n c e  o f 1300 kJm was
-2

r e q u ir e d  to  k i l l  90 p e r  c e n t o f th e  c e l l s  compared to  315 kJm 

re q u ire d  f o r  no rm ally  grown AR c e l l s  (T ab le  7 ) .

In  o rd e r  to  in v e s t i g a t e  w hether a  l i p i d - s o l u b l e  form of 

v ita m in  E m igh t a f f o r d  g r e a t e r  p r o te c t io n  t o  AR c e l l s ,
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TABLE 15
SURVIVING FRACTION OF AR6LO CELLS TO A DOSE OF 365 NH RADIATION, IN THE PRESENCE OF 60 fc*g/ml TROLOX-C 

ADDED TO THE PLATING MSDIUM AT DIFFERENT TIMES FOLLOWING IRRADIATION

P o s t - I r r a d i a t i o n  Time E lapsed  
B efo re  T rolox-C  A d d itio n  

(H ours)

S u rv iv in g  F ra c tio n *  
(UV F lu en c e : 125 kJm” )

S u rv iv in g  F ra c tio n *  
(UV F lue  n ee : 350 kJm

E xperim ent 1 0 8 .2 1 x 1 0 “ ] 6 .67x10’ ]
2 8 .2 5 x 1 0 ’ ] 6 .79x10’ ]
4 8 .1 7 x 1 0 “ ] 6 .43x10“ '
8 7 .14x10“ ] 6 .01x10“ ]

16 7 .58x10” ] 5 .87x10“ ]
30 8 .4 5 x 1 0 “ ] 6 .94x10’ ]

no T rolox-C 5.49x10 3 .22x10“

E xperim ent 2 0 7 .09x10“ ] 5 .03x10’ ]
7 6 .82x10” ' 5 .23x10’ ]

21 6 .70x10“ ] 4 .57x10"]
31 7 .75x10“ 4 .70x10“ '
45 7 .29x10“ ' 4 .27x10“ ]
54 6 .89x10“ ' 3 .84x10“ ]
70 5 .70x10“ 3 .72x10"

no T rolox-C 5.11x10-1 3 .7 5 x 1 0 "1
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TABLE 16

SURVIVAL PARAMETERS FOR THE INACTIVATION OF AR6LO CELLS GROWN IN THE PRESENCE 

OF 100 t*g/riL TROLOX-C AND 1 0 0 ^ /m l ALPHA-TOCOPHEROL ACETATE BT 365 NM, AT 25°C

Grown
i n

Trolox-C

a lp h a -
T o c -a c e t.

E xp t. S lope , 
No. ( Jm )

S ta n a a rd  I n te r c e p t  S tan d a rd  
D e v ia t io n  y - a x is D°2 D*2 D e v ia tio n  Jm Jm

87
88

7.05x10 
8.62x10

-7
-7

1.03x10“J  -3 .55x10"*  
1.42x10 4.89x10

2.29x10 -2
-2 6 .16x10^  -5.04x1oJJ

D1Q
Jm

1.37x10
3 .34x10 5.04x10 5 .68x10 1.22x10

Mean 7 .84x10 -7

.-789 1.50x10

D ata i n  A ppendix 8 (T ab le  A24)

6 .70x10"3

2.11x10“7 9.10x10"*

S .e o x io 3 3-20x10 1.30x10

-26.55x10 2 .90x10 4 .37x10 7 .1 0 x 1 0 ‘



a lp h a - to c o p h e ro l a c e ta te  was in c lu d e d  i n  th e  grow th medium of th e

c e l l s .  F ig . 44 B shews th e  s u rv iv o r  cu rv e  o b ta in e d  f o r  AR c e l l s

grown i n  th e  p resence  o f 100 y-g/ml a lp h a - to c o p h e ro l a c e ta te  and

i r r a d i a t e d  w ith  365 nn a t  25°C. The in c re a s e  i n  r e s i s t a n c e  a f fo rd e d

by t h i s  form o f v ita m in  E was l e s s  th a n  t h a t  a f fo rd e d  by Trolox-C  
_2

(D1q=710 kJm ) b u t i t  was s t i l l  more th a n  a  tw o -fo ld  in c r e a s e .  The 

re a s o n  f o r  th e  a c e ta t e  form p ro v id in g  o n ly  a  p a r t i a l  p r o te c t io n  

co u ld  be e i t h e r  due to  u n s a t i s f a c to r y  b le n d in g  o f  th e  v ita m in  i n  th e  

medium, r e s u l t i n g  i n  d e c re a se d  a v a i l a b i l i t y  to  th e  c e l l s ,  or due to  

a  d e c re a se d  i n t e r a c t i o n  w ith  l i p i d s  a s  a consequence o f th e  p resen ce  

o f an  a c e ta t e  group in s te a d  o f  a h y d ro x y l g roup . T h is  cou ld  p re v e n t 

hydrogen  bond fo rm a tio n  betw een v ita m in  E and one o f th e  oxygen 

atom s o f  th e  l i p i d .  Such a d i f f e r e n c e  betw een a lp h a - to c o p h e ro l and 

th e  co rre sp o n d in g  a c e ta te  i n  b in d in g  w ith  l i p i d s  h a s  been shown by 

m ag n e tic  re so n an ce  s tu d ie s  (S r iv a s ta v a  e t  a i . ,  1983).

The E f f e c t  o f  T rolox-C  on  th e  Far-UV (254 nm) S e n s i t i v i t y  o f

Normal and AR F ib r o b la s t s

The e f f e c t  o f in c o rp o ra t in g  T rolox-C  i n  th e  p o s t - i r r a d i a t i o n

medium was a l s o  exam ined a f t e r  254 nn i r r a d i a t i o n  a t  25°C. F ig . 45

shows th e  s u rv iv o r  c u rv e s  o b ta in e d  f o r  AR (P anel A) and norm al

(P an e l B) c e l l s  i n  w hich meaned r e s u l t s  o f  two m atched e x p e rim en ts

a r e  p re s e n te d . The in d iv id u a l  p a ram e te rs  f o r  th e se  e x p e rim en ts  a r e

in c lu d e d  i n  T ab le  17. AR c e l l s  shewed a  sm all in c re a s e  i n  DQ when
_2

T rolox-C  was p re s e n t  (1 7 .5  com pared to  13-7 Jm ) b u t t h i s

r e s u l t  sho u ld  be t r e a t e d  w ith  c a u t io n  u n t i l  a l a r g e r  number o f 

e x p e rim en ts  i s  perform ed . The re sp o n se  o f normal c e l l s  was n o t 

a l t e r e d  by th e  p resen ce  o f  T rolox-C  i n  th e  p la t in g  medium.

-  100 -
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TABLE 17

SURVIVAL PARAMETERS FOR THE INACTIVATION OF AR6LO AND GM730 CELLS BT 254 NM AT 25°C IN THE 

PRESENCE AND ABSENCE OF 60 V«/ML TROLOX-C IN THE PLATING MEDIUM

C e ll
Line

T ro lo x  Expo. 
C No. (Jm )

S ta n a a rd
D e v ia tio n

I n te r c e p t
y - a x is

S ta n a a rd  
D e v la tio n t D-°2Jm TDq-2Jm

D1Q
Jm

AR6LO +
+

90
91

2 .4 4 x 1 0 "!
2.54x10

2 .45x10“^ 
1.58x10

4.11x10“ ]
4.01x10

8.94x10"?
6.71x10

1.78x10]
1.71x10

1.68x10]
1.58x10

5.78x10]
5.52x10

Mean 2.49x10”2 4.06x10"1 1 .75x101 1.63x101 5.65x101

AR6LO - 64
65

3.16x10"?
3.17x10

3.42x10"^ 
1.02x10

5.47x10"]
5.07x10"

1.25x10"]
4 .31x10"

1.37x10] 
1.37x10

1.73x10]
1 .60x10 '

4 .90x10]
4.75x10

Mean 3.17x10"2 5.27x10"1 1 .37x101 1 .67x101 4.83x101

GM730 +
+

92
93

2 .85x10"?
3.19x10

7.01x10"^  
3.08x10

6.05x10"]
5 .34x10"

2 .66x10"]
1.27x10"

1.52x10] 
1.36x10

2.12x10] 
1.67x10

5.63x10]
4.81x10

Mean 3.02x10"2 5.70X10"1 1 .44x101 1.90X101 5.22x101

GM730 - 22
21

2 .59x10"?
3.35x10

2.17x10"?
4.33x10

3.72x10"]
5 .99x10"

9.34x10"?
1.52x10"

1 .68x1o] 
1.30x10

1 .44x1o] 
1.79x10

5.30x10]
4.77x10

Mean 2.97x10"2 4.86x10"1 1.49x101 1.62X101 5.04x101

D ata i n  Appendix 8 (T ab le  A25)



Discussion

The r e s u l t s  o b ta in e d  when Trolox-C  was used  b e fo re  and a f t e r  

th e  i r r a d i a t i o n  p e r io d  show a c l e a r  p r o te c t io n  o f  AR c e l l s  to  

i n a c t i v a t i o n  by 365 nn w av e le n g th . P o s s ib le  l e s i o n  fo rm a tio n  by 

near-UV w av e le n g th s  m igh t be e x p ec ted  to  be a f f e c t e d  by th e  p resen ce  

o f T rolox-C  i n  a  m u l t i p l i c i t y  o f w ays.

At l e a s t  p a r t  o f near-UV damage i s  th o u g h t to  occur th rough  

th e  fo rm a tio n  o f  r e a c t iv e  oxygen s p e c ie s ,  th e  p ro d u c tio n  o f  w hich a s  

a  consequence o f near-UV r a d i a t i o n  h a s  been d is c u s s e d  p re v io u s ly .
i

Trolox-C  w ould be a b le  to  red u ce  th e  lo a d  o f  s p e c ie s  such a s  0 and 

su p e ro x id e  r a d i c a l .  To a c h ie v e  t h i s  e f f e c t ,  th e  p resen ce  o f 

Trolox-C  w ould be n e c e ssa ry  d u rin g  th e  i r r a d i a t i o n  p e r io d  a s  th e s e
i

s p e c ie s  a r e  s h o r t  l i v e d .  V itam in  E i s  an  e x c e l le n t  0^ scav en g e r, 

one m o lecu le  o f a lp h a - to c o p h e ro l has been  shown to  scavenge
i

ap p ro x im a te ly  120 m o lecu le s  o f  0' b e fo re  i t s e l f  becoming o x id iz e d

(F a h re n h o ltz  .e t a l . . , 1 9 74 ). I t  i s  a l s o  th e  m ajor l i p i d  s o lu b le

scav en g er o f th e  su p e ro x id e  r a d i c a l .  By t h i s  a c t io n ,  Trolox-C  w ould

p re v e n t fo rm a tio n  o f  l e s i o n s  by th e se  s p e c ie s  and a l s o  p rev en t th e
. 1 •

fo rm a tio n  o f  more r e a c t i v e  s p e c ie s  such a s  OH. Both 0^ and OH a r e  

known t o  r e a c t  w ith  u n s a tu r a te d  double bonds o f  f a t t y  a c id s  to  s t a r t  

p e ro x id a t io n  o f  l i p i d s  w hich may le a d  to  g e n e ra l d i s r u p t io n  o f  

membranes and c e l l  d e a th  (K e llo g g  and F rid o v ic h , 1975, 1977). The

two s e p a ra te  i s s u e s  o f  w h eth er l i p i d  p e ro x id a t io n  i s  a near-UV 

e f f e c t  and w h e th e r l i p i d  p e ro x id a t io n  le a d s  to  l e t h a l i t y ,  a r e  y e t  to  

be r e s o lv e d .

Trolox-C  i s  a b le  to  te rm in a te  such r e a c t io n s  and t h i s  a c t io n  

co u ld  p ro b ab ly  ta k e  p la ce  even  i f  added i n  th e  p la t in g  medium, s in c e  

l i p i d  p e ro x id a t io n  r e a c t io n s  p roceed  s lc w ly .
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A p h ysicochem ical s t a b i l i t y  cou ld  a l s o  be p rov ided  by Trolox-C  

i f  p re s e n t  d u rin g  th e  grow th o f c e l l s  and may c o n t r ib u te  to  an  

in c re a s e d  r e s i s t a n c e  o f c e l l s  to  near-UV i r r a d i a t i o n ,  i f  membrane 

s t a b i l i t y  i s  a n  im p o rta n t f a c t o r .

T h is  m u l t i p l i c i t y  o f p o s s ib le  p r o te c t iv e  a c t io n s  by Trolox-C  

makes th e  ex p erim en ta l o b s e rv a tio n s  more d i f f i c u l t  to  i n t e r p r e t .  

Some p a r t  o f i t s  a c t io n  seems to  be b e n e f ic ia l  to  a l l  c e l l s ,  w hether 

i r r a d i a t e d  o r  n o t, s in c e  i t s  p resen ce  i n  th e  p la t in g  medium 

in c re a s e s  th e  p la t in g  e f f i c i e n c y  o f AR and t o  a l e s s e r  e x te n t ,  

GM730, a s  seen  i n  T ab le  18 w hich summarizes th e  p la t in g  e f f i c i e n c i e s  

o f  th e  m atched ex p e rim en ts  shown i n  T ab les  14 and 17. A p r o te c t iv e  

a c t io n  t o  bo th  c e l l  l i n e s ,  bu t more pronounced f o r  AR c e l l s ,  was 

a l s o  o b serv ed  d u rin g  th e  f i r s t  two days fo llo w in g  s u b c u ltu re  (see  

F ig . 4 2 ) .

TABLE 18
PLATING EFFICIENCIES OF AR AND GM730 CELLS IN THE PRESENCE AND 

ABSENCE OF 60 Vg/m l TROLOX-C IN THE POST-IRRADIATION MEDIUM

P L A T I  N G E F F I C I  E N C I ( % )

AR6L0 GM730
+ Trolox-C ■Trolox-C + Trolox-C -T ro lox-C

365 nm 25 21 48 41

18 11 40 38

33 20

254 rm 21 15 27 24

14 9 37 38
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In  summary, a lth o u g h  p a r t  o f  th e  p r o te c t iv e  a c t io n  by T rolox-C  

r e q u i r e s  i t s  p resen ce  i n t r a c e l l u l a r l y  d u r in g  i r r a d i a t i o n ,  th e r e  i s  

a l s o  some p r o te c t iv e  e f f e c t  i f  Trolox-C  i s  added a f t e r  i r r a d i a t i o n .  

I f  th e  AR s e n s i t i v i t y  to  365 cm i r r a d i a t i o n  a t  25°C i s  due to  an  

en zy m atic  d e fe c t  to  d ea l w ith  r e a c t iv e  oxygen s p e c ie s ,  th e n  

T rolox-C  c o u ld  be e n v isag e d  to  e x e r t  a b e n e f i c ia l  a c t io n  by re d u c in g  

th e  lo a d  o f  th e se  r e a c t iv e  s p e c ie s .  The p resen ce  o f  in c re a s e d  

l e v e l s  o f  r e a c t iv e  s p e c ie s  i n  AR f i b r o b l a s t s  cou ld  p o s s ib ly  i n i t i a t e  

l i p i d  p e ro x id a t io n  r e a c t io n s  i n  c e l l u l a r  membranes and T ro lox -C , by 

s to p p in g  th e s e  r e a c t io n s ,  co u ld  p ro v id e  c e l l u l a r  p ro te c t io n .  Normal 

c e l l s  e i t h e r  do n o t s u f f e r  such damage due to  e f f i c i e n t  en zy m atic  

mechanism s t h a t  keep th e  l e v e l s  o f  r e a c t iv e  oxygen s p e c ie s  u nder 

c o n tro l  w ith  th e  r e s u l t  t h a t  a d d i t io n  o f  T rolox-C  i s  o f  no f u r t h e r  

b e n e f i t ,  or a l t e r n a t i v e l y  normal c e l l s  a r e  a b le  to  e f f i c i e n t l y  

r e p a i r  l e s i o n s  produced bo th  i n  th e  DNA o f c e l l s  and i n  membranes.
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THE EFFECT OF A PARTIALLY DEUTERATED XRRADIATIOH MEDIUM OH THE 

SENSITIVITY OF NORMAL AND ACTINIC RETICULOJD FIBROBLASTS TO NEAR-UV 

RADIATION

The use o f a  d e u te ra te d  s o lv e n t  system  d u rin g  th e  i r r a d i a t i o n  

p ro ced u re  was d es ig n ed  to  in v e s t i g a t e  th e  p a r t i c i p a t i o n  o f  r e a c t iv e  

oxygen s p e c ie s  i n  near-U V -induced l e t h a l i t y  and i n  p a r t i c u l a r  , th e  

s e n s i t i v i t y  o f AR c e l l s .  In  D^O th e  l i f e t i m e  o f s i n g l e t  oxygen i s  

enhanced by up to  a  f a c t o r  o f 10 (M erkel e t  a l . ,  1972) and t h i s  

p ro v id e s  a  d ia g n o s t ic  to o l  f o r  th e  invo lvem en t o f s in g l e t  oxygen i n  

a v a r i e ty  o f pho tochem ical and p h o to b io lo g ic a l  p ro c e s s e s  (K earns, 

1979). More s p e c i f i c a l l y ,  absence o f p o te n t i a t io n  o f  a r e a c t io n  i n  

D^O im p lie s  no n^ invo lvem en t o f s i n g l e t  oxygen bu t p o te n t i a t io n  does 

n o t n e c e s s a r i ly  prove a  r o l e  f o r  s i n g l e t  oxygen s in c e  th e  

c o n c e n tr a t io n  o f  o th e r  r e a c t iv e  s p e c ie s  m igh t a l s o  be in c re a s e d  i n  

D20 (F o o te , 1979 ).

However, g r e a t  c a re  sh o u ld  be ta k e n  i n  i n t e r p r e t i n g  r e s u l t s  i n

a b io lo g ic a l  system  s in c e  th e r e  i s  a m u l t i p l i c i t y  o f o th e r  e f f e c t s

o c c u r r in g  when u s in g  DgO. D euterium  i s  a s t a b l e  is o to p e  of
2

hydrogen w ith  an  e x t r a  p ro to n . I t  i s  r e p re s e n te d  by and can  be 

exchanged w ith  hydrogen  i n  a  m o lecu le . T h is  h a s  im p o rta n t 

consequences on th e  r e a c t i v i t y  of t h a t  m o lecu le  a s  deu teriu m  bonds 

to  carbon , n i t ro g e n ,  oxygen, e t c .  a r e  more s t a b l e  th a n  hydrogen 

bonds (p rim ary  is o to p e  e f f e c t ) .  A d d itio n a lly ,  th e  p resen ce  of 

deu teriu m  in  a m o lecu le  may a f f e c t  th e  r e a c t i v i t y  even i f  th e  

deu te riu m  bond i s  n o t b roken  (seco n d ary  is o to p e  e f f e c t ) .  The
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is o to p e  e f f e c t s  co u p led  w ith  th e  so lv e n t e f f e c t s  o f  D20, i . e .  

d i f f e r e n c e s  i n  v i s c o s i t y ,  c o n d u c t iv i ty ,  pH, s o l u b i l i t y  o f g a s e s , 

e t c . ,  can  be e x p ec ted  t o  a l t e r  b io lo g ic a l  system s i n  a v e ry  complex 

way. In  p a r t i c u l a r ,  a  s o lv e n t  e f f e c t  t h a t  may be o f c o n s id e ra b le  

im p o rtan ce  i s  i t s  in f lu e n c e  on th e  c o n f ig u ra tio n  o f  p r o te in s  i n  

s o lu t io n  w hich can change from  a  h e l i x  to  a  ran d o m -co il form and 

v ic e  v e rs a  (Thompson, 1 9 63). A nother a s p e c t o f th e  s o lv e n t e f f e c t  

o f DgO i s  i t s  r e l a t i o n s h i p  t o  c e l l u l a r  and i n t r a c e l l u l a r  i n t e r f a c e s  

such a s  m ito c h o n d r ia l and n u c le a r  membranes. W ater a t  such 

in t e r f a c e s  i s  c o n s id e re d  to  re sem b le  th e  s t r u c tu r e  o f ic e  and  t h i s  

ic e  s t r u c t u r e  i s  th o u g h t to  p e r s i s t  a t  a h ig h e r  te m p e ra tu re  i n  DgO 

th a n  i n  H2 0 s in c e  th e r e  i s  a  d i f f e r e n c e  o f 7°C betw een t h e i r  

te m p e ra tu re s  o f  maximum d e n s i ty  (Thompson, 1963). T h e re fo re , 

a lth o u g h  th e  e x te n s io n  o f  th e  l i f e t i m e  o f s in g le t  oxygen i n  D2 0 

medium i s  s t r a ig h tf o r w a r d  i n  a  chem ical system , i t  may no t be th e  

s o le  e f f e c t  o f such a  change i n  th e  medium of l i v i n g  c e l l s .  B ea rin g  

i n  mind i t s  l i m i t a t i o n s ,  th e  use o f D̂ O h as  been s u c c e s s fu l ly  

employed i n  s tu d ie s  o f  p h o to s e n s i t i z a t io n .  Examples o f  such s tu d ie s  

in c lu d e  th e  p h o to s e n s i t i z a t io n  o f  DNA by a c r id in e  i n  y e a s t  c e l l s  

(K obayashi and I t o ,  1976, 1977; I t o  and K obayashi, 1977) and th e  

p h o to s e n s i t i z a t io n  o f  e x c i ta b l e  c e l l  membranes by v a r io u s  

s e n s i t i z e r s  (P o o le r  and V alenzeno , 1979).

R egard ing  near-U V -induced  damage w ith o u t exogenous a d d i t io n  o f  

p h o to s e n s i t iz e r s ,  by th e  use o f D20, Peak e t  a l .  (1985b) have 

im p lic a te d  02 invo lvem en t i n  th e  in d u c tio n  o f  D N A -protein 

c r o s s l in k s  i n  human P3 te ra to c a rc in o m a  c e l l s  i n  re sp o n se  to  near-UV 

w av e len g th s  (s e e  In t r o d u c t io n ,  pages 18, 28 and F ig . 5 ) .
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The use o f D^O h a s  a l s o  been s tu d ie d  i n  r e l a t i o n  to  i t s  s h o r t  

and lo n g  te rm  e f f e c t s  i n  th e  c u l tu r e  o f b a c t e r i a l  and mammalian 

c e l l s  (R o th s te in  e t  a l . ,  1960; D eG iovanni, 1960; P o lla rd , 1961;

J o e n je ,  a l . ,  1983). In  t h i s  s tu d y  i t  w as d ec id ed  to  use D^O 

d u r in g  th e  i r r a d i a t i o n  p e r io d  i n  o rd e r  to  in v e s t ig a t e  i t s  e f f e c t  on 

th e  s e n s i t i v i t y  o f human f i b r o b l a s t s  to  s p e c i f i c  m onochrom atic 

w a v e le n g th s  under c o n t ro l le d  c o n d i t io n s  o f  i r r a d i a t i o n .

The Use o f  D euterium  Oxide i n  th e  I r r a d i a t i o n  Medium

PBS c o n ta in in g  3 p a r t s  d o u b le - d i s t i l l e d  w a te r  and 7 p a r t s  D̂ O 

was p re p a re d  a s  d e sc r ib e d  i n  M a te r ia ls  and Methods (page 4 9 ) .  T his 

s o lu t io n ,  r e f e r r e d  to  a s  *70 p e r c e n t D ^ 1, was p rep a red  i n  10 mL 

q u a n t i t i e s ,  in  g la s s  b o t t l e s ,  and k ep t f o r  a  maximum of 1 week a t  

4°C.

For use i n  an  ex p e rim en t, a 48 hour grown f l a s k  was 

t r y p s in i z e d  a s  norm al and th e  c e l l s  w ere re su sp en d ed  i n  2 nil of 70 

p e r  c e n t D^O. F o llow ing  a  1 min c e n t r i f u g a t io n  s te p  a s  d e sc r ib e d  

p re v io u s ly ,  th e  c e l l  p e l l e t  w as resu sp en d ed  i n  70 p e r cen t D^O and 

d i l u t e d  to  10 c e lls /m L . The c e l l  su sp e n sio n  was th e n  kep t f o r  1 

hour b e fo re  i r r a d i a t i o n  so t h a t  e q u i l i b r a t i o n  i n  D^O cou ld  ta k e  

p la c e . The sam ples w hich w ere  removed d u rin g  i r r a d i a t i o n  fo r  th e  

a sse ssm e n t o f v i a b i l i t y ,  rem ained  u n d ilu te d  fo r  a  f u r th e r  20 min 

p e r io d , to  a llo w  any f u r th e r  e f f e c t s  to  d ev e lo p . D ilu t io n  i n  normal 

PBS and p l a t i n g  fo r  th e  a sse ssm en t o f v i a b i l i t y ,  fo llow ed  a s  

no rm al.

-  106 -



T o x ic ity  o f  70 p e r  c e n t  D euterium  Oxide to  Normal and AR F ib r o b la s t s  

Toxic e f f e c t s  o f  D̂ O a r e  w e ll  documented depend ing  on th e  

c o n c e n tr a t io n  o f  D^O, th e  c e l l  type s tu d ie d  and th e  d u ra t io n  o f  th e  

ex p o su re  (D eG iovanni, 1960; Ben-Hur and R ik l i s ,  1980; J o e n ie  e t  a l . .

1983). I n v e s t ig a t io n s  on th e  to x i c i t y  of a  70 p e r c e n t and a  45 per

c e n t c o n c e n tr a t io n  o f  D^0 on both  GM730 and AR c e l l s  under normal

e x p e rim e n ta l c o n d i t io n s , i . j i .  s t i r r i n g  i n  th e c u v e t te  a t  25°C, w ere

f i r s t  c a r r i e d  o u t .  The r e s u l t s  o f  th e  ex p erim en ts  in c lu d e d  i n  T ab le

19 show th a t  th e re  was no s ig n i f i c a n t  l o s s  o f c e l l  v i a b i l i t y  fo r  up

to  5 h o u rs  i n  e i t h e r c o n c e n tr a t io n  o f  DgO, so th e  h ig h e r

c o n c e n tra t io n  o f  D^O was u sed  i n  th e  f o l l w i n g  e x p e rim e n ts .

TABLE 19
SURVIVING FRACTION OF AR6L0 CELLS, STIRRED AT 25 C IN FBS

CONTAINING 45% AND 70% D20

Time S u rv iv in g  F r a c t io n
(min) 45%D20 70% d 2o

30 1.01x10 0 8 .5 1 x 1 0 ~ 1

60 7.60X10” 1 8 .2 4 x 1 0 "1

90 9 .0 5 x 1 0 "1 8 .6 5 x 1 0 "1

120 9 .52x10“ 1 8 .9 2 x 1 0 “ 1

150 1.06x10 0 8 .6 5 x 1 0 “ 1
0 A

180 1.05x10 9.32x10

210 8 . 1 5x10~1 7 .30x10

240 1.02x10 0 7 . 1 6 x 1 0 “ 1

270 8 .05x10“ 1 6 .49x10  ^

300 7.45X 10"1 7 .0 3 x 1 0 "1
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Near-UV I n a c t iv a t io n  o f  Normal and AR F ib r o b la s t s  i n  t h e  P resen ce  

o f  7 0  p er  c e n t  Deuterium  Oxide i n  t h e  I r r a d ia t io n  Medium

The i n a c t iv a t io n  o f  AR and GM730 c e l l s  by 365 nn i r r a d i a t i o n

a t  25°C i n  PBS c o n ta in in g  70 p e r  c e n t DgO was de term ined  and th e

r e s u l t s  a r e  shown i n  F ig u re s  46 and 47 . The c a lc u la te d  p a ra m e te rs

f o r  th e  in d iv id u a l  ex p e rim en ts  a r e  in c lu d e d  i n  T ab le  20 .

The s e n s i t i z a t i o n  o b se rv ed  i n  th e  p resen ce  o f D^O was la r g e

f o r  bo th  c e l l  l i n e s .  Comparison o f  v a lu e s  showed AR c e l l s  t o  be

2 .4  tim es  more s e n s i t i v e  i n  th e  p re sen ce  o f  D^O and GM730 c e l l s  to

be 2 .3  tim es  more s e n s i t i v e .  However, i t  sh o u ld  be n o ted  t h a t  th e

s e n s i t i z a t i o n  o f  GM730 c e l l s  became a p p a re n t only  a t  d oses g r e a te r  
_2

th a n  200 kJm and t h a t  th e  s u rv iv o r  cu rv e  d e p ic te d  a la r g e  sh o u ld e r

(D = 114 k Jn f2 ) .
Q

The same experim en t was re p e a te d  a t  0 C s in c e  th e re  have been 

r e p o r t s  showing no e f f e c t  o f D,,0 i n  th e  U V -s e n s it iv i ty  o f mammalian 

c e l l s  (Ben-Hur and R ik l i s ,  1980; T y r r e l l ,  1986). Indeed , a s  shown 

i n  F ig . 48 th e re  was no a l t e r a t i o n  i n  th e  s e n s i t i v i t y  o f e i t h e r  

c e l l  l i n e  to  365 nn when i r r a d i a t i o n  was c a r r i e d  o u t a t  0°C.

The E f f e c t  o f  th e  In c o r p o r a tio n  o f  T rolox-C  i n  th e  P o s t - I r r a d ia t io n  

Medium

Trolox-C  was in c o rp o ra te d  i n  th e  p la t in g  medium to  examine 

w h eth er i t  w ould have a  p r o te c t iv e  a c t io n  fo llo w in g  365 nn 

i r r a d i a t i o n  a s  o b se rv ed  i n  th e  ab sen ce  o f D 0̂ (se e  F ig . 4 3 ) .  F ig . 49 

shows t h a t  i n  two r e p l i c a t e  e x p e rim e n ts  th e r e  was no p r o te c t io n  

o f f e r e d  by th e  p resen ce  o f  T rolox-C  i n  th e  p o s t - i r r a d i a t i o n  medium. 

T h is  su g g e s ts  t h a t  th e  p resen ce  o f  DgO d u rin g  th e  i r r a d i a t i o n  

in f lu e n c e s  a mechanism o f l e t h a l i t y  t h a t  i s  com pleted q u ic k ly  and
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F ig u re  4 6 . (A) The in a c t iv a t io n  o f AR6L0 c e l l s  by 365 ran i r r a d i a t i o n  a t  25°C i n  th e  p resence of
70% D2o in  th e  i r r a d i a t i o n  medium. D if fe re n t  s e t s  o f  symbols r e p re s e n t  th e  r e s u l t s  o f  r e p l i c a t e  
ex p erim en ts .
(B) The in a c t iv a t io n  o f AR6L0 c e l l s  by 365 ran i r r a d i a t i o n  a t  25°C i n  th e  absence ( • , -------) and th e
presence (■ ,------ ) o f 70$ D O in  th e  i r r a d i a t i o n  medium. Mean ex p erim en ta l p o in ts  a t  each f lu e n c e
and c a lc u la te d  mean l i n e s  from in d iv id u a l experim en ts a re  shown.
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experim en ts .
(B) The i n a c t i v a t i o n  o f GM730 c e l l s  by 365 nm i r r a d i a t i o n  a t  25°C i n  th e  absence ( O , --------) and
th e  p resence  ( □ , --------) o f 70$ D20 i n  th e  i r r a d i a t i o n  medium. Mean ex p er im en ta l  p o in t s  a t  each
f lu e n c e  and c a l c u l a t e d  mean l i n e s  from in d iv id u a l  experim ents  a r e  shown.



TABLE 20

SURVIVAL PARAMETERS FOR THE INACTIVATION OF AR6LO AND GM730 CELLS BT 365 NM AT 25°C IN THE

PRESENCE OF 70% DgO IN THE IRRADIATION MEDIUM

C e ll
L ine D̂ O

Expt.
No. (Jm )

S tan d a rd
D e v ia tio n

I n te r c e p t
y - a x is

S tan d a rd
D e v ia tio n t D-°2Jm tD-2Jm

D1Q
Jm"

AR6L0 + 
+ 
+

94
95
96

9.56x10*5 
9 .4 8 x 1 0 ]\ 
6 .16x10*

6.31x10*^
5 .10x10* '
4.02x10*

-5 .32x10*2 
1.07x10"p 
9.43x10

1.07x10*1
6.92x10*^
6.78x10

4 • 54x10
4.58x10?
7.05x10

-5 .5 6 x 1 0 ?  
1.13x10? 
1.53x10

9 .90x104
1.17x10°
1 .78x10°

Mean 8.40X10*6 4.94x10*2 5.39x104 7.01x104 1.31x10S

AR6L0 -  
(T a b le  7)

Mean 3-37H 0*6 2.81x10~2 1.33x105 2.74x10^ 3.15x10S

AR6L0 + 
(+ T ro lox  
60 jAg/ml)

97
98

8.26x10*5
9.45x10

7 .13x10*J
3 .82x10* '

1.99x10*]
1.61x10*

7 .10x10*2
6.51x10

5.26x10?
4.59x10

2 .41x10?
1.70x10

1 .45x10S
1.23x10°

Mean 8.86X10*6 1.80x10*1 4.93x104 2.06x104 1.34x10s

GM730 + 99
100
101
102

2.81x10*5
4.91x10"?
3.12x10*?
2.69x10

7.56x10*^
5.30x10*i
1.68x10*°
8 .63x10* '

2.90x10*]
6.08x10*]
4.51x10*]
2.24x10

2 .49x10*2
1.65x10“^
5.23x10*p
2.11x10

1.55x10S 
8 .84x10^ 
1 .39x10° 
1.61x10

1 .04x10S 
1 .24x10° 
1.44x10? 
8.31x10

-4.59x10S
3 .27x10°
4 .65x10°
4 .55x10°

Mean 3.38X10*6 3.93X10"1 1.36x10S 1.14x10S 4.27x10S

GM730 -  
(T ab le  2)

Mean 1.19X10*6 - 2 . 86x10*2 4.26x10S -1 .75x104 9.63x10S

D ata i n  A ppendix 8 (T a b le s  A26i, A27)
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F igu re  4 8 . The i n a c t i v a t i o n  o f  (A) AR6L0 and (B) GM730 c e l l s  by 365 nm i r r a d i a t i o n  a t  0°C, i n  th e  
absence ( •  , O , dashed l i n e )  and th e  presence ( ■ , □ , s o l id  l i n e )  o f  70% D? 0 i n  th e  i r r a d i a t i o n  
medium. Mean experim en ta l p o in t s  a t  each f lu e n c e  and c a l c u l a t e d  mean l i n e s  from d u p l i c a te  
experim en ts  shown.



TABLE 21

SURVIVAL PARAMETERS FOR THE INACTIVATION OF AR6LO AND GM730 CELLS BT 365 NM AT O C

C e ll
L ins D20 

AR6LO +

AR6LO -  
(T a b le  9) 
GM730 +

IN THE PRESENCE OF 70% D20 IN THE IRRADIATION MEDIUM

E xpt. S lope_2 ^  S tan d a rd  I n te r c e p t  S tan d a rd  
No. (Jm” ) ” D e v ia tio n  y - a x is

DO

103
104

,-6 ,-73.49x10 ,  4.80x10 ' 2 .31x10 
4.38x10 6 .33x10” ' 3 .74x10"

Mean 3*94x10"

Mean 5*15x10

3*03x10

4.92x10"

D e v ia tio n  

1

Jm-2 Dq
Jm-2 D10

Jm-2

1.25x10
1.63x10 -1 1.24x10? 6 .60x10^  3.53x10; 

9 .91x10 8 .54x10  3 .14x10 '

1.12x10 7.57x10 3*34x10'

8.80x104 9*56x104 2.98x10!

105 3.62x10”? 5.42x10”^ 2 .41x10” ! 1.54x10” ] 1.20x10^ 6.66x10^
106 3.18x10 3.71x10” ' 6 .21x10“^ 1.07x10 1 .37x105 1.96x10^

3.43x10;
3 .16x10 '

Mean 3*40x10“^ 

Mean 4.71x10”^

D ata i n  Appendix 8 (T ab le  A28)

GM730 -
(T ab le  2)

1.23x 10

4.15x10

-1

-1

1.29x10 3*43x10 3*30x10*

9*63x10^ 8.29x10** 3*05x10!
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F i g u r e  MQ. T h e  i n a c t i v a t i o n  o f  A R 6 L 0  c e l l s  b y  3 6 5  nm i r r a d i a t i o n  a t  
25  C,  i n  t h e  t h e  p r e s e n c e  o f  7 0 $  D O a n d  t h e  p r e s e n c e  o f  6 0  v - g / m l  
T r o l o x - C  i n  t h e  p l a t i n g  m e d i u m .  T h e  d i f f e r e n t  s e t s  o f  s y m b o l s  
r e p r e s e n t  t h e  r e s u l t s  o f  r e p l i c a t e  e x p e r i m e n t s .  T h e  d o t t e d  l i n e  
r e p r e s e n t s  t h e  r e s p o n s e  i n  t h e  a b s e n c e  o f  T r o l o x - C  ( F i g .  4 6 A )  a n d  t h e  
d a s h e d  l i n e  r e p r e s e n t s  t h e  s t a n d a r d  r e s p o n s e  o f  A R 6 L 0  t o  3 6 5  n m ,  a t  
2 5 ° C  ( F i g .  3 1 A )



c a n n o t be r e v e r s e d  d u rin g  p o s t - i r r a d i a t i o n  in c u b a tio n . I t  w ould be 

i n t e r e s t i n g  t o  exam ine w h e th e r c e l l s  grown i n  Trolox-C  would be 

b e t t e r  p ro te c te d .

Far-UV I n a c t iv a t io n  o f  Normal and AR F ib r o b la s t s  i n  th e  P resence

o f  70 p e r  c e n t  D euterium  Oxide i n  th e  I r r a d i a t i o n  Medium

As w ith  o th e r  r e s u l t s ,  ex am in a tio n  o f  th e  c e l l u l a r  resp o n se  to  

far-UV  i r r a d i a t i o n  was e s s e n t i a l  b e fo re  fo rm u la tin g  any id e a s  a s  to  

th e  m echanism s u n d e r ly in g  th e  o b serv ed  e f f e c t s .  The re sp o n se  o f AR

and GMT30 c e l l s  t o  25*1 nn i r r a d i a t i o n  a t  25°C, i n  th e  p resence and

ab sence  o f 70 p e r  c e n t D^O i n  th e  i r r a d i a t i o n  medium, was o b ta in e d  

and th e  r e s u l t s  a r e  shewn i n  F ig . 5 0 . Com parison o f  th e  c a lc u la te d  

p a ra m e te rs  f o r  th e  in d iv id u a l  e x p e rim en ts , in c lu d e d  i n  T ab le 22 , 

shows no a l t e r a t i o n  o f  th e  s e n s i t i v i t y  o f th e  c e l l s  by D^O. T his

r e s u l t  i n d i c a t e s  t h a t  th e r e  i s  no s i g n i f i c a n t  a l t e r a t i o n  i n  th e  DNA 

m o lecu le  by th e  use o f th e  d e u te r a te d  s o lv e n t ,  o th e rw ise  py rim id ine  

dim er fo rm a tio n  w ould be e x p e c te d  to  be a l t e r e d  and le a d  to  an  

a l t e r e d  s u r v iv a l  re sp o n se  a s  w e l l .

-  109 -
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F ig u re  SO. The i n a c t i v a t i o n  o f  (A) AR6L0 and (B) GM730 c e l l s  by 254 rm i r r a d i a t i o n  a t  25°C, i n  th e  
absence ( •  , O , dashed l i n e )  and th e  presence ( ■ , □ , s o l id  l i n e )  o f  70$ D^O i n  th e  i r r a d i a t i o n  
medium. Mean experim en ta l p o in t s  a t  each f lu e n c e  and c a l c u l a t e d  mean l i n e s  from d u p l i c a te  
experim en ts  shown.



TABLE 22

SURVIVAL PARAMETERS FOR THE INACTIVATION OF AR6LO AND GMT30 CELLS BT 254 NM AT 2^C

C e ll
L ine D̂ O 

AR6LO +

AR6LO -  
(T ab le  10)

GMT30 +

IN THE PRESENCE OF 70$ D20 IN THE IRRADIATION MEDIUM

E xpt. S lope ? , S ta n a a rd  I n te r c e p t  S ta n a a rd
No. (Jm" ) "  D e v ia tio n  y - a x is

DO

107
108

.-2 ,-3 -1

2.80x10 -2 -3 -1

Mean 2.64x10 -2 4.41x10-1

Mean 3.17x10-2 5.27x10 -1

109
110

2.37x10 -2
-2

,-3 -2
-3 -1

Mean 2.70x10-2 2.92x10 -1

GMT30 -  
(T ab le  3)

„-2Mean 2.95x10

D ata i n  Appendix 8 (T ab le  A29)

4.44x10-1

D e v la tio n  

-1

-2

2.47x10 " 2.97x10 ,  4 .30x10 ' 1.26x10
1.19x10 J 4 .51x10 5.71x10 -2

1.22x10 Z 9.51x10 7 5.18x10
3.02x10 2 .78x10 J 4.89x10 1.34x10

Jm

1.76x10 
1.55x10

1.66x10

1.37x10

1.83x10 
1.44x10

1.64x10

1.49x10

Dq -2Jm

1.74x10 
1.61x10

D10
Jm

5.79x10
5.18x10

1.68x101 5.49x10

1.67x101 4.83x10

4.01x10;: 4 .62x10
1.62x10 4.93x10

1.01x101 4.78x10 

1.49x101 4.92x10



Discussion
The p re sen ce  o f  70 p e r c e n t D^O i n  th e  i r r a d i a t i o n  medium 

r e s u l t e d  i n  s e n s i t i z a t i o n  o f  bo th  normal and AR c e l l s  t o  365 b u t no t 

254 nn i r r a d i a t i o n .  The s e n s i t i z a t i o n  became a p p a re n t ,  fo r  bo th  c e l l  

l i n e s ,  when i r r a d i a t i o n  to o k  p la c e  a t  25°C b u t n o t 0°C. S evera l 

e x p la n a tio n s  co u ld  be pu t fo rw ard  f o r  t h i s  e f f e c t , .

I t  i s  known t h a t  s i n g l e t  oxygen can le a d  to  th e  fo rm a tio n  o f  

o th e r  r e a c t iv e  oxygen s p e c ie s  th ro u g h  v a r io u s  en zy m atic  r e a c t io n s  a s  

d is c u s s e d  i n  th e  in t r o d u c t io n  (page 25 , F ig . 7 ) .  So i f  th e  

p ro d u c tio n  o f  th e  l e t h a l  l e s i o n  by 365 nn does n o t depend upon 

s i n g l e t  oxygen i t s e l f ,  bu t on a n o th e r  s p e c ie s  form ed i n  th e  p resen ce  

o f s i n g l e t  oxygen, th e n  one i n t e r p r e t a t i o n  o f  th e  observed  

s e n s i t i v i t y  co u ld  be t h a t  i t  becomes a p p a re n t on ly  a t  te m p e ra tu re s  

w hich a llow  an e n z y m a tic a lly  c o n t ro l le d  r e a c t io n ,  to  c o n v e r t s i n g l e t  

oxygen to  a n o th e r  r e a c t iv e  s p e c ie s  to  ta k e  p la c e , such a s  25°C. An 

in c re a s e d  lo a d  o f  r e a c t iv e  oxygen s p e c ie s  form ed i n  t h i s  way cou ld  

r e s u l t  i n  in c re a s e d  l e s i o n  fo rm a tio n  and in c re a s e d  l e t h a l i t y  fo r  

bo th  c e l l  l i n e s .

A nother a s p e c t t h a t  sho u ld  be exam ined i s  w h e th er th e  D^O 

s o lv e n t  in d u c e s  an  a l t e r a t i o n  i n  th e  t a r g e t  o f  th e  r a d i a t i o n ,  e i th e r  

c e l l u l a r  DNA or membranes. D^O w ould be e x p e c te d  t o  change th e  DNA 

co n fo rm a tio n  and s h o r t  term  exposu re  to  D^O h a s  been  shown t o  induce  

chromosomal a b e r r a t io n s  i n  human lym phocyte c u l tu r e s  ( J o e n je  _et a l . , 

1983). However, such a  change w ould a l s o  be e x p e c te d  to  a l t e r  

far-UV s e n s i t i v i t y ,  which was n o t found t o  be th e  c a se . S o lv en t 

e f f e c t s  cou ld  a l s o  r e s u l t  i n  a l t e r e d  membrane i n t e r  phase s .  Again, 

such an a l t e r a t i o n  m igh t be ex p ec ted  to  ta k e  p la c e  a t  0°C and th u s
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a f f e c t  th e  s e n s i t i v i t y  o f c e l l s  a t  t h a t  te m p e ra tu re . However, t h i s  

i s  n o t  su p p o rted  by th e  above r e s u l t s .

DNA r e p a i r  enzymes a r e  th o u g h t to  o f f e r  concom itan t r e p a i r  o f 

l e s i o n s  d u rin g  i r r a d i a t i o n .  DgO h as  been su g g e s te d  to  i n h i b i t  

r e p a i r  o f g am m a-irrad ia te d  mammalian c e l l s  (Ben-Hur and R ik l i s ,  

1980; Ben-Hur a t  a l . , 1980; Ueno e t  a l . ,  1984; F u runo-F ukush i and 

M a tsu d a ira , 1985). T h is  c o n c lu s io n  w as re a c h e d  because D20 i n h i b i t s  

th e  f lu e n c e - r a te  e f f e c t  o f  gamma r a y s  (when th e  f lu e n c e  r a t e  i s  

lc w ere d  and th e  exp o su re  tim e ex ten d ed , th e  b io lo g ic a l  e f f e c t  o f a 

g iv e n  f lu e n c e  i s  red u ce d ) which i s  co n s id e re d  t o  in v o lv e  among o th e r  

e v e n ts  th e  r e p a i r  o f s u b le th a l  damage ta k in g  p la c e  d u r in g  th e  

i r r a d i a t i o n  o f  L5178Y c e l l s  a t  37°C (Ueno e t  a l . ,  1984). In  a n o th e r  

s tu d y , s p l i t  dose e x p e rim e n ts  o f  Ben-Hur and R ik l i s  (1980) showed a 

red u ce d  c a p a c ity  o f C hinese Ham ster c e l l s  to  r e p a i r  gamma

r a d ia t io n - in d u c e d  s u b le th a l  damage i n  th e  p re s e n t  o f 90 p e r  cen t 

D20. They a ls o  showed t h a t  th e  enhancem ent o f th e  s e n s i t i v i t y  in  

th e  p resen ce  o f D20 i n  th e  medium a f t e r  i r r a d i a t i o n ,  depended on th e  

c e l l s  b e in g  m e ta b o l ic a l ly  a c t iv e  i . e . ,  i t  was s m a lle r  when 

in c u b a tio n  was i n  b u f f e r  in s t e a d  o f  growth medium and was red u ce d  a s  

th e  te m p e ra tu re  was lo w ered  from  37°C. W hether an  an a logy  from th e  

above g a m m a -irra d ia tio n  s tu d ie s  can  be drawn re g a rd in g  th e  r e p a i r  of 

DNA from UV-induced damage, i s  n o t  known.
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LEAKAGE STUDIES AFTER BROAD-BAND NEAR-UY IRRADIATION OF NORMAL AND 

ACTINIC RETICULOID FIBROBLASTS

One method o f  a s s e s s in g  membrane damage fo llc w in g  s t r e s s  

c o n d i t io n s  such a s  h y p e rth e rm ia , gamma and UV i r r a d i a t i o n ,  i s  by 

exam ining  changes i n  th e  p e rm e a b il i ty  of th e  cy to p lasm ic  membrane. 

Under normal c o n d i t io n s ,  io n s  such a s  Na+ and K+ , amino a c id s ,  

s u g a rs  and o th e r  sm all m o lecu le s  a r e  co n tin u o u s ly  go ing  i n  o r  ou t o f 

th e  c e l l  e i t h e r  by a c t iv e  p ro c e s s e s  such a s  th e  Na+ /K+ pump o r by 

p a s s iv e  d i f f u s io n .  Any d is tu rb a n c e  to  th e se  m echanisms can  be 

c o n s id e re d  to  have im p o rta n t consequences f o r  th e  c e l l .

R a d io a c tiv e  l a b e l l i n g  o f  one o f th e  above m entioned  

e l e c t r o l y t e s  o r  m o le c u le s  a l lo w s  th e  s tudy  o f  a s p e c i f i c  membrane 

fu n c t io n  w hich cou ld  be a f f e c t e d  by r a d ia t io n .  Rb+ i s  o f te n  used  a s  

a  K+ analogue s in c e  i t s  r a d io a c t i v e  is o to p e  ®^Rb+ has a r e l a t i v e l y  

s h o r t  h a l f - l i f e  (1 8 .7  d ay s)  and i s  e a s i e r  to  h an d le  th a n  a  K+ 

is o to p e .

86 +A p re v io u s  s tu d y  i n  E. o o l i  c e l l s  showed Rb le ak ag e  

fo llc w in g  b ro ad -b an d  near-UV r a d i a t i o n  a t  doses  com parable to  th o se  

in d u c in g  l e t h a l i t y  (K e lla n d  e t  a l . ,  1984). The i n i t i a l  o b je c t iv e  o f 

t h i s  s e c t io n  o f  e x p e r im e n ta l w ork was to  r e p e a t  s im i la r  

in v e s t ig a t io n s  u s in g  human s k in  f i b r o b l a s t s  and to  exam ine th e  

e f f e c t  o f  T rolox-C  on th e  le a k a g e  p ro c e ss .

I n i t i a l  ex p e rim en ts  in v o lv e d  m onochrom atic w aveleng th

i r r a d i a t i o n  o f  c e l l s  i n  su sp e n s io n , u s in g  an  a d a p ta t io n  o f  th e
86 +

method o f  K elland  (1 9 8 4 ). R e s u lts  shewed t h a t  th e  ° Rb from bo th
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c o n tro l  and i r r a d i a t e d  c e l l s  le a k e d  w i th in  th e  f i r s t  30 m inu tes 

a f t e r  th e  c o l l e c t i o n  o f  c e l l s  toy t r y p s in i z a t io n  and c e n t r i f u g in g .
Q C

I t  w as presum ed t h a t  p r e la b e l le d  c e l l s  w ith  RbCl w ere  s u f f e r in g

s i g n i f i c a n t  damage caused  by th e  t r y p s in i z a t io n  s te p  to  make a l l  th e  

86 +Rb le a k  o u t o f  th e  c e l l  w hether i r r a d i a t e d  o r n o t.  T h e re fo re , a 

m ethod by w hich c e l l s  w ould be i r r a d i a t e d  a s  a  m onolayer had to  be 

u sed . S ince i r r a d i a t i o n  o f  a m onolayer was n o t p o s s ib le  w ith  th e  

a v a i l a b l e  monochrom ator system , i t  was d ec id ed  t h a t  broad-band  

near-UV i r r a d i a t i o n  w ould be perform ed u s in g  th e  h o u sin g  d e s c r ib e d  

i n  th e  M a te r ia ls  and Methods s e c t io n  (page 6 3 , F ig . 1 3 ).

R a d io a c tiv e  L a b e l l in g  o f  F ib r o b la s t s

5 2T hree x 10 c e l l s  w ere in o c u la te d  i n t o  90 mm p la te s

c o n ta in in g  9 blL of EMEM supplem ented w ith  15 per c e n t f o e t a l  c a l f

serum . The p l a t e s  w ere  p la ced  i n  boxes, g a ssed  so  t h a t  5 per c e n t

COg i n  a i r  w as p re s e n t  and in c u b a te d  a t  37°C. A fte r  6 days o f
Q C

grow th , th e  a p p r o p r ia te  q u a n t i ty  o f RbCl, d i l u te d  i n  1 ml of 

grow th medium, was added to  each  p la te  a s e p t i c a l l y ,  so t h a t  a f i n a l  

c o n c e n tra t io n  o f  1 yJdVnfl- ^ R b + was p re s e n t .  ®^RbCl was o b ta in e d  a s  

a  s t e r i l e  aqueous s o lu t io n  o f  c o n c e n tr a t io n  1 mCi/ml, s p e c i f i c  

a c t i v i t y  108 mCi/mg, from Amersham I n te r n a t io n a l  p ic ,  Anersham. 

S ince  ®^RbCl has a r a d i o a c t i v i t y  h a l f - l i f e  o f 18.7 d ay s , th e  volume 

o f ^^RbCl added was a d ju s te d  by c a l c u la t in g  th e  amount o f decay from 

th e  d a te  when th e  a c t i v i t y  was de term ined  so  t h a t  ap p ro x im ate ly  1 

w as a lw ays added.
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Irradiation Procedures
o g

T w enty-four h o u rs  a f t e r  l a b e l l i n g  th e  c e l l s  w ith  RbCl, each

86 +p la te  was r in s e d  tw ic e  w ith  5 ml ic e - c o ld  PBS so t h a t  any Rb in

th e  e x t r a c e l l u l a r  medium was removed. The use o f low te m p e ra tu re

PBS m inim ized le a k a g e  o f Rb+ frcm th e  c e l l  i n t e r i o r  d u r in g

m a n ip u la tio n s . F i f te e n  ml of PBS a t  room te m p era tu re  w ere  th e n

added to  each  p la te  and bo th  p la te s  to  be i r r a d i a t e d  and c o n t r o l s

w ere p la ced  i n  th e  i r r a d i a t i o n  box, th e  c o n tro l p la te s  b e in g  co v ered

i n  b la c k  ta p e  and alum inium  f o i l .  T h is was to  av o id  any te m p e ra tu re

d if f e r e n c e  betw een i r r a d i a t e d  and n o n - i r r a d ia te d  p l a t e s  w hich m igh t

a f f e c t  th e  le a k a g e  p ro c e s s . The te m p e ra tu re  o f th e  PBS i n  th e  p l a t e s

was found to  r i s e  to  25-29°C d u rin g  th e  i r r a d i a t i o n .  C e l ls  t o  be

near-UV i r r a d i a t e d  w ere  p la c e d  a t  a  d is ta n c e  o f 8 cm frcm  th e  lam ps

-2  -1w here th ey  re c e iv e d  30 Jm s  th rough  t h e i r  p l a s t i c  l i d s  w h ile

c e l l s  f o r  far-U V  i r r a d i a t i o n  w ere  p la ced  a t  a  d is ta n c e  o f 16 cm from

-2  -1th e  lam ps and i r r a d i a t e d  w ith  18 Jm s  w ith o u t l i d s  (s e e  page 64 

fo r  a ssu m p tio n s  u n d e r ly in g  f lu e n c e  d e te rm in a tio n s ) .  Only th e  two 

c e n t r a l  p o s i t io n s  under th e  h o r iz o n ta l  lam ps, which w ere  found to  

r e c e iv e  th e  same f lu e n c e ,  w ere used  fo r  i r r a d i a t i o n ,  w h ile  th e  

covered  c o n tro l  p l a t e s  w ere  s e t  a t  e i t h e r  s id e .

M easurement o f  Leakage

Samples o f  0 .3  ml w ere  removed from each p la te  im m ed ia te ly

a f t e r  th e  a d d i t io n  o f  th e  15 ml PBS and a t  s p e c i f i c  tim e  i n t e r v a l s

86 +fo r  a s s e s s in g  th e  le a k a g e  o f Rb from th e  i n t e r i o r  o f th e  c e l l s  to  

th e  su rro u n d in g  medium. Each sam ple was added to  4 ml o f a 

x y le n e -b ased  l i q u i d  s c i n t i l l a n t ,  O ptiphase 1 S a fe 1 (LKB, L iq u id
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S c i n t i l l a t i o n  P ro d u c ts )  in  p l a s t i c  s c i n t i l l a t i o n  v i a l s  and shak en  

w e l l .

The amount o f r a d io a c t iv e  is o to p e  i n  th e  medium was th e n  

d e te rm in ed  u s in g  th e  1215 R ackbeta l i q u i d  s c i n t i l l a t i o n  c o u n te r  

(LKB W allac , Turku, F in la n d ) .  T h is  c o u n te r  i s  a b le  to  coun t b e ta  

e m iss io n s  and some gam m a-em issions o v er th e  energy  ran g e  o f 1 KeV to  

2 .8  MeV. From th e  s p e c i f i c a t io n s  g iv e n  f o r  R ackbeta  1215 c o u n te r ,  

c o u n tin g  window s e t t i n g s  o f  110-212 w ere used . C ounting  o f  th e  

sam ples was f o r  1 m inu te. L iq u id  s c i n t i l l a t i o n  c o u n tin g  in v o lv e s  

p la c in g  th e  r a d io a c t iv e  sam ple i n  a n  a p p r o p r ia te  medium w hich 

c o n v e r ts  r a d io a c t iv e  energy  in to  a  p u lse  o f l i g h t  en e rg y . T his 

p u lse  o f l i g h t  en erg y  i s  d e te c te d  by means o f  a  sy n ch ro n ize d  

p h o to ca th o d e  and i s  co n v e rted  to  an  e l e c t r i c a l  p u lse  by a 

p h o to m u lt ip l ie r .  D uring  l i q u i d  s c i n t i l l a t i o n  c o u n tin g  th e  fo llc w in g  

energy  s te p s  o ccu r betw een th e  r a d io a c t iv e  sam ple (Rs) and th e  

c o n s t i tu e n t s  o f  th e  s c i n t i l l a t i o n  c o c k t a i l :

1 2 3

Rs > so l v e n t—  -> s o l u te —  — >photoca th o d e .

At each  o f th e  th r e e  energy  t r a n s f e r  s te p s  th e r e  i s  a p r o b a b i l i ty  

t h a t  an  in c o m p le te  energy  t r a n s f e r  w i l l  occu r due to  th e  n a tu re  of 

th e  s c i n t i l l a t i o n  c o c k ta i l .  I n te r f e r e n c e  may a r i s e  from photon  

q uench ing , chem ical q u ench ing  and c o lo u r  q u en ch in g . T h e re fo re , th e  

q u a n t i f i c a t i o n  o f  any r a d io a c t iv e  sam ple depends upon th e  e x te n t  o f 

t h i s  in t e r f e r e n c e ,  term ed Q u e n c h in g 1 , and th e  a b l i t y  o f th e  

pho tocathode  to  d e te c t  th e  l i g h t  p u ls e s .  The r e s u l t a n t  

q u a n t i f i c a t i o n  i s  e x p re s se d  i n  c o u n ts  p er m in u te  (cpm) which i s  a 

c h a r a c t e r i s t i c  o f  a  p a r t i c u l a r  l i q u i d  s c i n t i l l a t i o n  c o u n te r  and 

s c i n t i l l a t i o n  c o c k ta i l .  I d e n t i c a l  q u a n t i t i e s  o f  r a d io a c t iv e
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m a te r ia l  may produce d i f f e r e n t  cpms i n  th e  same l i q u i d  s c i n t i l l a t i o n  

c o u n te r  and s c i n t i l l a t i o n  c o c k ta i l  due t o  th e  p resen ce  o f q u en ch in g  

a g e n ts .  To c o n v e rt cpm to  a n  a b s o lu te  q u a n t i ty  o f r a d i o a c t i v i t y ,  a 

quench cu rve  m ust be c o n s tru c te d  so  t h a t  th e  e f f ic ie n c y  of th e  

c o u n tin g  p ro c e s s  may be e s t im a te d ,  hence ta k in g  i n t o  acc o u n t 

i n t e r f e r e n c e s  i n  en erg y  t r a n s f e r .  From th e  e f f ic ie n c y  m easurem ent 

th e  a b s o lu te  v a lu e  o f d i s i n t e g r a t i o n s  per m inu te (dpm) may be 

d e te rm in ed . T h e re fo re , dpm=cpm x e f f i c i e n c y .

Four m ethods e x i s t  f o r  quench cu rv e  c o n s tru c t io n ,  th o se  b e in g  

in t e r n a l  s ta n d a rd , e x te rn a l  s ta n d a rd , ch an n e ls  r a t i o  and e x te r n a l  

s ta n d a rd  c h a n n e ls  r a t i o .  Quench c u rv e s  w ere c o n s tru c te d  by th e  

e x te rn a l  s ta n d a rd  c h a n n e ls  r a t i o  m ethod w hich in v o lv e d  ad d in g  4 ml 

o f O ptiphase  to  a s e r i e s  o f  7 p l a s t i c  m in i - v ia l s  each  c o n ta in in g  a  

c a p s u le  o f known r a d i o a c t i v i t y .  To each  sam ple, 0 .3  ml o f d i s t i l l e d  

w a te r  was added to  s im u la te  th e  em ulsion  system  found  i n  th e  

ex p erim en ta l c o n d i t io n s .  In c r e a s in g  am ounts from  0 to  40 \»*1 o f 

carbon  t e t r a c h l o r id e  w ere  th e n  added to  p rov id e  q u en ch in g . The 

sam ples w ere th e n  lo a d e d  i n t o  th e  c o u n te r , which had been  programmed

to  coun t th e  sam ples and a u to m a t ic a l ly  c o n s tru c t  a  quench cu rv e .

86  +The r e s u l t a n t  quench cu rv e  f o r  Rb i s  sho rn  i n  Appendix 7« T h is  

cu rv e  was th e n  s to r e d  i n  th e  coun ter*  s  memory so t h a t  dpms f o r  a l l  

subseq u en t sam ples w ere  c a lc u la te d  a u to m a tic a l ly .

T rea tm ent o f  R e s u l ts

The d i s in t e g r a t i o n s  per m inu te  w hich  w ere c a lc u la te d  by th e  

s c i n t i l l a t i o n  c o u n te r  r e p r e s e n te d  th e  r a d i o a c t i v i t y  p re s e n t  i n  th e  

0 .3  mL sam ple. T h is  v a lu e  w as th e n  be m u l t ip l ie d  w ith  th e  t o t a l  

volume o f PBS p re s e n t  i n  th e  p la te  a t  th e  tim e th e  m easurem ent was
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ta k e n , so a s  t o  r e p r e s e n t  th e  t o t a l  r a d io a c t i v i t y  p re s e n t  i n  th e  

medium above th e  m onolayer o f c e l l s .  In  o rd e r  t h a t  com parisons 

betw een d i f f e r e n t  e x p e rim e n ts  co u ld  be made, t h i s  v a lu e  was th e n  

d iv id e d  by th e  t o t a l  number o f c e l l s  p re s e n t  on t h a t  p la te ,  which 

was e s t im a te d  from  an e x t r a  p la te  in o c u la te d  and grcwn under e x a c tly  

s im i la r  c o n d i t io n s  a s  th e  i r r a d i a t e d  and c o n t ro l  p l a t e s  fo r  each 

c e l l  l i n e .

D is in te g r a t io n s  per m inu te  per c e l l  w ere  th e r e f o r e  p lo t te d  

a g a in s t  tim e  i n  th e  g rap h s  p re s e n te d  i n  th e  fo llo w in g  s e c t io n .

86  +Leakage o f  Rb a f t e r  B road-Band N ear-07 I r r a d i a t i o n  o f  Normal 

and A c t in ic  R e t ic u lo id  F ib r o b la s t s

86  +The r e s u l t s  o f  ex p e rim en ts  showing th e  amount o f Rb le a k in g

o u t from  human s k in  f i b r o b l a s t s ,  ex p re sse d  a s  d i s in t e g r a t i o n s  per

m in u te , per c e l l ,  v e rsu s  i r r a d i a t i o n  tim e  can  be seen  i n  F ig u re  51

and T ab le  2 3 . Each panel r e p r e s e n t s  a m atched experim en t i n  w hich

both  AR and GM c e l l s  w ere i r r a d i a t e d  s im u lta n e o u s ly . Table 24

86 +in c lu d e s  th e  r a t i o  o f Rb le ak ed  from  i r r a d i a t e d  v e rs u s

n o n - i r r a d ia te d  c e l l s .

A ll le a k a g e  cu rv es  o b ta in e d  shewed an  in c re a s e  i n  th e  le ak ag e  

86 +of Rb w ith  tim e u n t i l  a p la te a u  was re a c h e d . The ex ac t shape of

th e  cu rv e  and th e  tim e a t  w hich th e  p la te a u  w as reac h ed  d i f f e r e d

betw een th e  two c e l l  l i n e s  and depended on w hether they  w ere

i r r a d i a t e d  o r  n o t. Normal c e l l s  shewed a  g ra d u a l in c re a s e  i n  th e  

86 +le a k a g e  o f Rb w ith  tim e w hich reach ed  a maximum betw een 3 and 4

h o u rs  a f t e r  th e  b eg in n in g  o f  th e  ex p erim en t. In  p a n e ls  B,C, and D

i t  can  be n o ted  t h a t  th e r e  was h a rd ly  any e f f e c t  o f near-UV 

86 +r a d ia t i o n  on th e  Rb le ak ag e  from normal c e l l s ,  w hereas i n  panel A

-117 -



3 0 -

1 0 -

/ / •

240 3 0 0120
NEAR-UV RADIATION TIME min

1600 60

36

3 0

O
O  25 
X

9
^  2 0 -
Eo.T>

UJ 16-(J
<
<  |0 -

-•a

U J

0 -0 60 120
NEAR-UV RADIATION TIME mln

180 240 3 0 0

3 0 -

OO
X  ■
OJ

E
CL■O

16-LUO
<
<
UJ 1 0 -

0-1
60 120

NEAR-UV RADIATION TIME min
160 240 3 0 0

38

3 0 -

O
O  2 6 -
X

01
2 0 -

E
%
UJ 16- 

<
2  ID-

120
NEAR-UV RADIATION TIME min

180
RADIATION

240 3 0 00 60
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TABLE 23
THE LEAKAGE OF RB FROM AR6LO AND GMT30 CELLS 1H 

RESPONSE TO BROAD-BAND NEAR-UV RADIATION

51A 51B

Time (m in) D is in te g r a t io n s  Per M inute Per C e ll x 102

AR6LO GMT30 AR6LO GM730
C o n tro l I r r a d  C o n tro l I r r a d  C o n tro l I r r a d  C o n tro l I r r a d

(8. *5 * 1x10 ) (15. ‘
5 *1x10 ) (9.2x10s )1 (15.9x10s )1

0 2.9 4.0 1.5 1.3 3.7 2.2 1.7 3-5
15 5.6 7.1 2.4 2.6 8.1 5.1 2.6 3.7
30 8.4 13.5 4.2 4.5 10.1 11.7 3.9 5.2
45 — — — — 11.2 16.0 4.2 6.0
60 13-6 25.2 6.9 8 .2 12.3 18.8 4.9 7.2
90 — — — — 14.8 20.5 6.7 8 .2

120 19.2 29-6 10.5 13.7 16.1 21.0 8 .5 10.2
180 — — — — 17.9 23.2 10.2 11.8
195 25.8 31.0 14.3 18 .8 — — — —

240 25.4 31.2 15.3 18.8 18 .1 22.6 12.1 14.7
300 — — — — 18.3 22.3 13.9 13.6
315 26.3 30.0 16.9 20.7 — — — —

51C 51D

Time(min) D is in te g r a t io n s  Per M inute Per C e ll x 102

AR6L0 GM730 AR6L0 GM730
C o n tro l I r r a d  C o n tro l I r r a d  C o n tro l I r r a d  C o n tro l I r r a d

(6.8X105) 1 (11 .6x10s ) 1 (15 .8x10s ) 1 (22 .2x10S) §

0 4 .3 3 .0 2 .5 2 .4 2 .3 2.6 2 .3 1.7
15 — — — — 4 .0 7 .4 3 .5 2.8
30 7 .8 10.6 7 .3 7.8 6 .0 11 .2 4 .6 3 .9
45 — — — — 8 .1 14.8 — —

60 14.1 20 .2 9.8 10.5 9.6 18.6 6 .4 6 .2
75 — — — — 12.2 20 .0 — —

90 19.1 24.8 13.5 12.5 14.6 23.0 — —

105 — — — — 17.5 2 4 .2 — —

120 21.6 26.9 14.6 14.9 18.1 25.2 11.7 11.8
150 — — — — 20 .2 27.9 — —

180 25.5 27 .4 18.3 19.3 22.5 29 .9 11.5 11.5
240 26.1 28.2 18.4 20 .0 23.0 31 .2 12.2 12.9

t
c e l l  c o n c e n tra t io n



TABLE 24

THE LEAKAGE OF 8 6 HB+ FROM AR6LO AND GM730 CELLS IN RESPONSE TO 

BROAD-BAND NEAR-UV RADIATION, EXPRESSED AS RATIO OF 

IRRADIATED:NON-IRRADIATED CELLS (DATA FROM TABLE 2 3 )

Time AR GM
min 51A 51B 51C 51D 51A 51B 51C 51D

0 1.38 0.59 0.70 1.13 0.87 2.06 0.96 0.74
15 1.27 0.63 — 1.85 1.03 1.42 — 0.80
30 1.61 1.15 1.36 1.87 1.07 1.33 1.07 0.85
45 — 1.43 — 1.83 — 1.43 — —

60 1.85 1.53 1.43 1.94 1.19 1.47 1.07 0.97
75 — — — 1.64 — — — —

90 — 1.39 1.30 1.58 — 1.22 0.93 —

105 — — 1.38 — — — — —

120 1.54 1.30 1.25 1.39 1.30 1.20 1.02 1.01
150 — — — 1.38 — — — —

180 — 1.30 1.07 1.33 — 1.16 1.05 1.00
195 1.20 — — — — — — —

240 1.23 1.25 1.08 1.36 1.31 1.21 1.09 1.06
300 — 1.22 — — 1.22 0.98 — —

315 1.14



86  +th e r e  w as a  sm all in c re a s e  i n  th e  t o t a l  amount o f Rb le a k e d  from

th e  c e l l s  a t  tim e s  lo n g e r  th a n  60 min o f  i r r a d i a t i o n .  In  c o n t r a s t ,

86  +i r r a d i a t e d  AR c e l l s  showed a l a r g e r  in c re a s e  i n  th e  r a t e  o f Rb

leak ag e  i n i t i a l l y  and th e n  re a c h e d  a  h ig h e r  maximum le a k a g e . The

maximum d if f e r e n c e  betw een i r r a d i a t e d  and n o n - i r r a d ia te d  AR c e l l s

i n  th e se  e x p e rim e n ts  was seen  a f t e r  about 60 m inu tes  o f  i r r a d i a t i o n

86  +when 1 .4 3 -1 .8 5  more Rb was le a k in g  from i r r a d i a t e d  v e r s u s

n o n - i r r a d ia te d  c e l l s  (T ab le  2 4 ) .  P an e ls  C and D r e p r e s e n t

ex p e rim en ts  w hich w ere done a s  p a r t  o f subsequen t in v e s t i g a t io n s  on  

86 +th e  Rb le a k a g e  from  T rolox-C  supplem ented  c e l l s .  In  th e  

experim en t shown i n  F ig . 51 P anel D, a change o f medium on a l t e r n a t e  

days b ro u g h t ab o u t an  in c re a s e  o f c e l l  number bu t w ith  no n o t ic e a b le  

e f f e c t  on th e  le a k a g e  p ro c e s s .

In  o rd e r  to  a t te m p t to  answ er any q u e s t io n s  a r i s i n g  from  th e se  

e x p e rim en ta l o b s e rv a tio n s  such a s  :

1) Why d id  i r r a d i a t e d  AR c e l l s  le a k  more th a n  n o n - i r r a d ia te d  AR 

c e l l s  and why w a s n 't  t h i s  o b se rv ed  w ith  normal c e l l s ?

2) Why d id  i r r a d i a t e d  AR c e l l s  re a c h  a  h ig h e r  maximum le a k a g e  th a n  

n o n - i r r a d ia te d  AR c e l l s  and w hat does t h i s  r e p r e s e n t?

3) Why d id  n o n - i r r a d i a te d  AR c e l l s  le a k  more th a n  GM n o n - i r r a d ia te d  

c e l l s ? ,

th e re  was a  need to  u n d e rs ta n d  w hat t h i s  le a k a g e  r e p re s e n te d .  Most 

im p o r ta n t ly ,  w hether i t  w as a  r e s u l t  o f se v e re  damage to  th e  c e l l  

and fo llo w ed  DNA-induced l e t h a l i t y ,  or w h e th er i t  o c c u rre d  a t  d o ses  

com parable to  th o se  p ro d u c in g  l e t h a l i t y  and c o u ld  be in d u c in g  o r  

in f lu e n c in g  such a p ro c e s s  by u p s e t t in g  th e  e l e c t r o l y t e  c o n te n t  o f 

th e  c e l l .  T h e re fo re , an  a sse ssm en t o f c e l l  s u rv iv a l  u s in g  

broad-band  near-UV r a d i a t i o n  under ex p erim en ta l c o n d i t io n s  s im i la r
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86  +to  th o s e  u sed  f o r  m easurem ent o f Rb leak ag e  was n e c e s s i t a te d .  Itoo

m ethods e x i s t  f o r  a s s e s s in g  th e  s u rv iv a l  o f f i b r o b l a s t s  a t ta c h e d  in

p e t r i  d is h e s .  One in v o lv e s  i r r a d i a t i o n  o f  c o n f lu e n t or

n e a r -c o n f lu e n t  m ono layers and su b seq u en t detachm ent o f th e

f i b r o b l a s t s  u s in g  t r y p s in ,  fo llo w ed  by c o u n tin g , d i l u t i n g  and add in g

th e  a p p r o p r ia te  number o f c e l l s  f o r  colony fo rm a tio n  to  p la t e s .  The

o th e r  m ethod in v o lv e s  i r r a d i a t i o n  o f  p rep a red  d i l u t i o n s  o f  c e l l s  and

was p r e f e r e d  i n  t h i s  s tu d y  because i n  t h i s  way th e  t r y p s in i z a t io n

s te p  a f t e r  i r r a d i a t i o n  co u ld  be av o id ed . T h e re fo re , assessm en t o f

v i a b i l i t y  fo llc w in g  near-UV i r r a d i a t i o n  was perform ed u s in g

a p p r o p r ia te  d i l u t i o n s  o f  c e l l s  a s  d e s c r ib e d  i n  th e  M a te r ia ls  and

Method s e c t io n  (p ag es  58 , 68) b u t o th e rw ise  under s im i la r

i r r a d i a t i o n  c o n d i t io n s  t o  th e  ones used  i n  th e  le a k a g e  ex p e rim en ts .

Three e x p e rim en ts  w ere  perform ed f o r  each c e l l  l i n e  but

because some o f th e se  had l e s s  e x p e r im e n ta l p o in ts  th a n  th e  o th e r

two (T ab le s  A30, A31), i t  w as d ec id ed  n o t to  fo llo w  th e  normal

p ro ced u re  o f r e g r e s s in g  each  ex p erim en t, bu t to  r e g r e s s  th e

c a lc u la te d  mean p o in ts .  The mean s u rv iv a l  cu rve  o b ta in e d  f o r  AR and

norm al c e l l s  i s  shown i n  F ig . 52 and th e  c a lc u la te d  p a ra m e te rs  fo r

each cu rv e  a r e  in c lu d e d  i n  T ab le  25 . I t  can be seen  t h a t  *17 and 60

m in u tes  o f  b road-band  near-UV i r r a d i a t i o n  r e s u l t e d  i n  90 p e r cen t

l e t h a l i t y  (d ^q) o f  AR and GM730 c e l l s  r e s p e c t iv e ly ,  which i n  th e

86 +co rre sp o n d in g  le a k a g e  ex p e rim en ts  a l s o  r e s u l t e d  i n  m easu rab le  Rb

le a k a g e . Assuming 365 nm was m o stly  e m itte d  from  th e  lam p, th e

-2  -2co rre sp o n d in g  v a lu e  was 1*12 kJm and 180 kJm fo r  AR and GM730 

c e l l s ,  r e s p e c t iv e ly .  T h is  v a lu e  i s  c o n s id e ra b ly  low er th a n  th e  

m onochrom atic 365 nm f lu e n c e  r e s u l t i n g  i n  90 p e r c e n t l e t h a l i t y  of 

c e l l s  i r r a d i a t e d  i n  su sp e n s io n , w hich i s  p robab ly  e x p la in e d  by th e
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f a c t  t h a t  s h o r t e r ,  more e n e r g e t ic  w av e len g th s  w ere p re s e n t  i n  th e

r a d i a t i o n  beam ( s e e  F ig . 1 4 ) . S ince i r r a d i a t i o n  to o k  p la c e  a t  
o

"25 C, th e  d i f f e r e n c e  i n  th e  re sp o n se  o f AR and normal c e l l s  t o  n ea r 

UV i r r a d i a t i o n  was a l s o  a p p a re n t .  Comparison o f v a lu e s  i n  T ab le  

25 shows AR c e l l s  t o  be two tim e s  more s e n s i t i v e  th a n  normal GM730 

c e l l s  t o  b ro ad -b an d  near-UV r a d ia t io n .

TABLE 25
SURVIVAL OF AR6L0 (1 )  AND GM730 (2 )  CELLS TO BROAD BAND NEAR-UV RADIATION

Slope S ta n d a rd  I n te r c e p t  S tan d a rd  D °10
min-1 D e v ia t io n  D e v ia tio n  mm min m in

(1 )6 .7 2 x 1 C f2 6 .0 x 1 0 “3 2 .17x10 0 3 .1 x 1 0 "1 6 .46x10° 3 .23x101 4 .7 2 x 1 0 1

(2 )3 .1 3 x 1 0 ’ 2 5 .1x10 ’ 3 8 .8 0 x 1 0 “ 1 2 .7x10-1 1 .39x101 2 .82x101 6 .0 1 x 1 0 1

P u b lish e d  r e s u l t s  o f  s im i la r  s tu d ie s  a r e  a ls o  in c lu d e d  i n

T ab le  26 fo r  co m p ara tiv e  p u rp o ses , b e a r in g  i n  mind th e  use o f

d i f f e r e n t  lam ps w ith  d i f f e r e n t  em iss io n  s p e c t r a  and i n t e n s i t i e s ,  a s

w e ll a s  th e  use o f d i f f e r e n t  e x p e rim e n ta l p ro ced u re s .

The c o n c lu s io n s  t h a t  can  be reac h ed  from th e se  ex p e rim e n ts

a r e  t h a t  ARG^cells a r e  more s e n s i t i v e  to  broad-band  near-UV

i r r a d i a t i o n  bo th  i n  te rm s  o f  d o n o g e n ic  a b i l i t y  and i n  te rm s o f  a

86  +p a r t i c u l a r  membrane f u n c t io n  exam ined i . e .  th e  leak ag e  o f Rb from

86 +i r r a d i a t e d  c e l l s .  I t  can n o t be deduced from  t h i s  work w hether Rb 

leak ag e  (w hich i s  a K+ an a lo g u e) i s  due to  s p e c i f i c  damage to  th e  

Na+ /K+ pump o r w h eth er i t  i s  th e  r e s u l t  o f  g e n e ra liz e d  membrane 

damage, bu t th e  use o f o u ab a in , a m e ta b o lic  i n h i b i t o r  of a c t iv e
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TABLE 26
SURVIVAL PARAMETERS OBTAINED FOR HUMAN FIBROBLASTS IRRADIATED ATTACHED ON PLATES WITH BROAD-BAND NEAR-UV RADIATION
C e ll  L ine Source Flugnop R ate 

Jm" s" D0. - -2  kJm D<*kJm-2 D10„T -2  kJm
Method
o f i r r a d i a t i o n

AG1522 
GM3652 
GMT30

S y lv a n ia  
FR40T12 
310-4 l0 im  
max 350-355

20 .9 4 7 .8±3 .7  
40 .0±3 .6  
3 9 .2± 4 .2

4 7 .4± 5 .9
4 0 .2± 3 .5
4 5 .2 ± 4 .7

157 »5±4.8 
132.4±5.7  
135.5±5.6

d i l u t i o n s  
16-20 hours 
a f t e r  p la t in g  
a t  0 -4  C

GM730
AR6LO

Coast-W ave 
15 W

30 41.7 
19.4

8 4 .6
96.9

180.3 
141.6

a t  ~25°C

82MB2 1200 W type 165 320 c o n f lu e n t
S e l l a s 1 day a f t e r  

p l a t in g  
belcw  14 C

R eference

Zamansky je t a l . ,  
1985

r e s u l t s  p re se n te d  
i n  T ab le  25

Roza ,e£ a l . ,  
1985



t r a n s p o r t ,  cou ld  p erh ap s  c l a r i f y  t h i s  p o in t i n  th e  f u tu r e .  S im ila r  

changes i n  p e rm e a b il i ty  o f mammalian c e l l s  i n  re sp o n se  to  io n i z in g  

r a d i a t i o n  a r e  g e n e ra l ly  c o n s id e re d  to  be a r e s u l t  o f a l t e r a t i o n s  i n  

p a s s iv e  r a t h e r  th a n  a c t iv e  t r a n s p o r t  ( P a t r ic k ,  1977).

U nderly ing  c a u se s  t h a t  co u ld  r e s u l t  i n  g e n e ra l iz e d  membrane 

damage in c lu d e  l i p i d  p e ro x id a t io n  and o x id a t io n  o f  p r o te in  t h i o l  

g ro u p s , amongst o th e r s .  S ince  AR6UDbut n o t normal c e l l s ,  a r e  

s u s c e p t ib le  to  t h i s  damage, i t  cou ld  be p roposed  t h a t  a n  i n a b i l i t y  

o f AR c e l l s  to  m a in ta in  r e a c t i v e  oxygen s p e c ie s  under c o n tro l  i s  

r e s p o n s ib le  fo r  th e  o b se rv ed  membrane a l t e r a t i o n s .  The g e n e ra t io n  

o f  r e a c t iv e  oxygen s p e c ie s  i n  re sp o n se  to  near-UV r a d i a t i o n  h a s  

a lre a d y  been d is c u s s e d  and th e  a b i l i t y  o f th e se  s p e c ie s  to  i n i t i a t e  

and p ro p a g a te  l i p i d  p e ro x id a t io n  r e a c t io n s  h as  been  b ro a d ly  

m entioned  i n  th e  I n t r o d u c t io n .  In  p a r t i c u l a r  , th e  h y d ro x y l io n  and 

s i n g l e t  oxygen have been  shewn to  i n i t i a t e  l i p i d  p e ro x id a t io n  

r e a c t io n s  i n  a  v a r i e ty  o f chem ical and b io lo g ic a l  system s (K ello g g  

and F r id o v ic h , 1975, 1977; H a l l iw e l l  and G u tte r id g e ,  1985).

I t  can  be f u r th e r  su g g e s te d  t h a t  AR c e l l s  s u f f e r  t h i s  membrane 

damage due to  an  i n a b i l i t y  to  s to p  a n d /o r  r e p a i r  th e  d e s t r u c t iv e  

o x id a t iv e  r e a c t io n s  ta k in g  p la c e  i n  t h e i r  membranes due to  a n  

enzym atic  d e fe c t  o r due to  a d ec re a se d  c o n c e n tr a t io n  o f  an  

a n t io x id a n t  such a s  v i ta m in  E.

In  A R ^cells , membrane damage o ccu rs  a t  d o ses  com parable to

l e t h a l i t y  and c o u ld , th e r e f o r e ,  c o n t r ib u te  to  i t .  On th e  c o n t ra ry ,

normal c e l l s  do n o t s u f f e r  t h i s  membrane damage under norm al

c irc u m sta n c e s . However, i t  w ould be i n t e r e s t i n g  to  exam ine w hat

e f f e c t  an  induced  enzyme d e p le t io n  such a s  su p ero x id e  d ism u tase  o r

86 +g lu ta th io n e  or c a ta la s e  w ould  have on Rb le a k a g e . In  a s tu d y
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w here K+ le a k a g e  from X - i r r a d ia te d  mouse f i b r o b l a s t s  was m easured by 

flam e photom etry  c e l l u l a r  membranes w ere  re n d e re d  more s u s c e p t ib le  

to  l i p i d  p e ro x id a t io n  when th e y  c o n ta in e d  in c re a s e d  l e v e l s  o f  

p o ly u n s a tu ra te d  f a t t y  a c id s .  Indeed , t h i s  a l t e r a t i o n  r e s u l t e d  i n  

in c re a s e d  K+ le ak ag e  w hich co u ld  be p rev en ted  by su p p lem en ta tio n  o f  

v i ta m in  E (W o lte rs  and K onings, 1985).

E f f e c t  o f  T ro lox-C  on  H ear-07 Induced  ^ R b *  Leakage

T rolox-C  in c o rp o ra te d  i n  th e  grow th medium was shown to

p r o te c t  AR c e l l s  a g a in s t  365 im -induced  in a c t i v a t i o n  a t  25°C (see

86  +
F ig . 43 P anel A). An in v e s t ig a t io n  o f  i t s  e f f e c t  on Rb le ak ag e ,

under s im i la r  c o n d i t io n s  o f  i r r a d i a t i o n  to  th o se  p re v io u s ly

d e s c r ib e d , was c a r r i e d  o u t .

Trolox-C  was added a t  a  c o n c e n tra t io n  o f  100 yg/m l in  th e

p la te s  d u r in g  s u b c u ltu re  w hich  was d e s ig n a te d  a s  Day 0 and th e n  on

days 2 , 4 and 6, th e  medium was changed and f r e s h  Trolox-C  was

86added. RbCl w as a l s o  added on day 6 and i r r a d i a t i o n  to k  p la c e  on 

day 7 a s  p re v io u s ly  d e s c r ib e d . The r e s u l t s  o f  2 le ak ag e  ex p erim en ts  

f o r  each c e l l  l i n e  a r e  shown i n  F ig u re s  53» 54 , w here panel A 

r e p r e s e n t s  r e s u l t s  f o r  AR c e l l s  and p an e l B fo r  GM730 c e l l s .  The 

d a ta  f o r  th e se  e x p e rim en ts  i s  in c lu d e d  i n  T ab le  2 7 . The r e s u l t s  o f 

th e  c o n tro l  ex p erim en ts  have a l re a d y  been  p re s e n te d  i n  F ig u re  51 

P a n e ls  C, D. In  th e  exp erim en t p re se n te d  i n  F ig . 51C th e  medium of 

th e  non-supplem ented  c e l l s  w as n o t changed and i t  can  be no ted  t h a t  

th e  c e l l  c o n c e n tr a t io n  p re s e n t  on th e  p la te s  was low er th a n  t h a t  of 

th e  Trolox-C  supp lem ented  c e l l s .  However, t h i s  in c re a s e  i n  c e l l  

numbers sho u ld  n o t be a t t r i b u t e d  to  th e  p resen ce  o f Trolox-C s in c e  

i n  th e  experim en t p re s e n te d  in  F ig . 51D w here th e  medium of
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F ig u re  5 4 . The leak ag e  of Rb+ from s ta t io n a r y  AR6L0 (Panel A) 
and GM730 (P anel B) c e l l s  ex p ressed  a s  d is in te g r a t io n s  per m inu te , 
per c e l l ,  a s  a fu n c tio n  o f  i r r a d i a t i o n  tim e  w ith  broad-band near-UV 
r a d ia t io n .  #  O = - tro lo x -C , i r r a d i a te d

B □ s - tro lo x -C , n o n - ir r a d ia te d  a lso  F ig . 51D
A A = + tro lo x -C , i r r a d i a t e d
a  □ = +tro lo x -C , n o n - ir r a d ia te d



Rfi TABLE 27
THE LEAKAGE OF HB+ FROM AR6LO AND GM730 CELLS GROWN IN THE

PRESENCE OR ABSENCE OF 100 t*g/n l TROLOX-C, IN RESPONSE TO 
BROAD-BAND NEAR-UV RADIATION

53 A 53B

Time(min) D is in te g r a t io n s  Per M inute Per C e ll x 102

AR AR + Trolox-C  GM GM + Trolox-C
C o n tro l I r r a d  C o n tro l I r r a d  C o n tro l I r r a d  C o n tro l I r r a d

(6 .8 x 1 0 5 )* ( 1 6 . 8 x 1 0 5 ) *  (11 .6 x 1 0 S)* (21 .4 x 1 0 5)*

0 4 .3 3 .0 1 .9 1.1 2 .5 2 .4 2.1 1.7
30 7.8 10.6 4 .5 4 .3 7 .3 7.8 5 .7 5 .6
60 14.1 20 .2 6 .6 6 .9 9.8 10.5 7 .7 8 .2
90 19.1 24.8 9.1 10.1 13.5 12.5 10.5 11.4

120 21.6 26.9 11.4 13.4 14.6 14.9 12.6 13.3
180 25.5 27 .4 13.9 16.1 18.3 19.3 14.2 15.3
240 26.1 28.2 15.4 18.2 18.4 20 .0 15.1 16.0

54A 54B

Time(min)
2

D is in te g r a t io n s  Per M inute Per C e ll x 10

AR
C o n tro l I r r a d  

(15 .8 x 1 0 5)*

AR + Trolox-C  
C o n tro l I r r a d

(17.2X 105)*

GM
C o n tro l I r r a d  

(22 .2x10s )*

GM + Trolox-C  
C o n tro l I r r a d

(20 .8x10S)*

0 2 .3 2 .6 2.8 2 .4 2 .3 1.7 1.8 1 .3
15 4 .0 7 .4 5 .6 5 .4 3 .5 2.8 4 .3 3 .3
30 6 .0 11.2 7 .8 7 .4 4 .6 3 .9 5 .0 5 .0
45 8 .1 14.8 9 .6 9 .3 — — — —

60 9.6 18.6 10.8 12.0 6 .4 6 .2 7 .7 7 .6
75 12.2 20 .0 13.8 13.7 — — — —

90 14.6 23.0 15.0 16.4 — — — —

105 17.5 24 .2 17.4 18.8 — — — —

120 18.1 25 .2 19.4 20.8 11.7 11.8 15.4 17.0
150 20.2 27 .9 22 .4 25.8 — — — —

180 22.5 29.9 24 .2 26.6 11.5 11.5 15.1 16.6
240 23.0 31 .2 25.8 28 .4 12.2 12.9 15.8 18.0

«
c e l l  c o n c e n tra t io n



non-supp lem en ted  c e l l s  was changed a s  w e l l ,  th e  c e l l  number was a l s o

In c re a s e d  to  th e  same e x te n t  a s  f o r  Trolox-C  supplem ented  c e l l s .  I t

sh o u ld  be p o in te d  o u t a g a in  t h a t  changes i n  c e l l  number d id  n o t 

86 +a l t e r  th e  r a t e  o f Rb le a k a g e . As p re v io u s ly  d is c u s s e d , fo r  c e l l s
86 .

n o t supp lem ented  w ith  T rolox-C , near-UV i r r a d i a t i o n  in d u ced  Rb 

le a k a g e  on ly  in  AR and n o t normal c e l l s .  The p resen ce  o f T rolox-C  

c l e a r l y  p ro te c te d  i r r a d i a t e d  AR c e l l s  and th e r e  was no 

r a d ia t io n - in d u c e d  le a k a g e  i n  T rolox-C  supplem ented  c e l l s .  I t  sh o u ld  

be n o te d  t h a t  f o r  t h i s  p r o te c t iv e  e f f e c t  to  occur i t  was n e c e ss a ry  

t h a t  T rolox-C  was added to  th e  c e l l s  r e l a t i v e l y  n ea r th e  i r r a d i a t i o n  

tim e , s in c e  i n  an  i n i t i a l  experim en t w here i t  w as added d u r in g  

s u b c u l tu r e ,  7 day s  p r io r  to  i r r a d i a t i o n ,  i t  d id  . n o t o f f e r  any 

p r o te c t io n .  In  th e  case  o f normal c e l l s ,  n e i th e r  Trolox-C  

supp lem en ted  nor unsupplem ented c e l l s  le a k e d  i n  re sp o n se  to  near-UV 

r a d i a t i o n .

I t  h a s  a lre a d y  been d is c u s s e d  t h a t  T rolox-C  may become

a s s o c ia t e d  w ith  c e l l u l a r  membranes. A p o s s ib le  way by w hich T rolox-C

m ig h t p r o te c t  near-UV i r r a d i a t e d  AR c e l l s  and p re v e n t le a k a g e  o f 

86 +Rb , m ight be by p re v e n tio n  o f  l i p i d  p e ro x id a t io n  r e a c t io n s  w hich

co u ld  le a d  t o  g e n e ra l iz e d  membrane damage. I f  i t  i s  h y p o th e s iz e d

t h a t  AR c e l l u l a r  s e n s i t i v i t y  i s  due to  an  i n a b i l i t y  to  e f f e c t i v e l y

scavenge r e a c t iv e  oxygen s p e c ie s  w hich can s t a r t  l i p i d  p e ro x id a t io n

r e a c t io n s  and le a d  to  g e n e ra l iz e d  membrane damage (w hich w ould
86 +

become a p p a re n t a s  an  in c re a s e  o f Rb le a k a g e )  th e n  Trolox-C  w ould 

be e x p e c te d  to  o f f e r  some p r o te c t io n .
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86 +Leakage o f  Rb a f t e r  Broad-Band Far-UY I r r a d ia t io n  o f  Normal 

and AH F ib r o b la s t s

S im ila r  le a k a g e  e x p e rim e n ts  w ere perform ed u s in g  far-UV

i r r a d i a t i o n  and th e  r e s u l t s  o f  two r e p l i c a t e  ex p e rim e n ts  f o r  AR and

GM730 c e l l s  a r e  shown i n  F ig u re  55 and T ab le  2 8 . N o n - ir ra d ia te d

c e l l s  show no s i g n i f i c a n t  le a k a g e  d u rin g  th e  t o t a l  p e r io d  exam ined

(8 m in u te s ) ,  w h ile  i r r a d i a t e d  c e l l s  show no le a k a g e  f o r  th e  f i r s t  4

min o f  i r r a d i a t i o n .  S ince  th e  f lu e n c e  r a t e  g iv e n  was a p p ro x im a te ly  

-2  -118 Jm s  , 4  m in u tes  o f  i r r a d i a t i o n  co rresp o n d  to  a  dose o f 4320 
_2

Jm which i s  2 -3  o rd e r s  o f  m agnitude l a r g e r  th a n  254 nn d o ses  t h a t  

produce l e t h a l i t y .  T h is  i s  concluded  bo th  from  our s tu d y  of 

m onochrom atic 254 nn i n a c t iv a t io n  o f  f i b r o b l a s t s  i n  su sp e n s io n  a t  

25 C w here was 14.9 and 13.7 Jm" and was 4 9 .3  and 48 .3  Jm" 

f a r  GM730 and AB c e l l s ,  r e s p e c t iv e ly  and from  o th e r  p u b lish e d  d a ta  

on th e  re sp o n se  o f a t ta c h e d  human f i b r o b l a s t s  to  b road -b an d  far-UV 

r a d i a t i o n  (T ab le  2 9 ) .  P erhaps th e  re sp o n se  o f human f i b r o b l a s t s  

i r r a d i a t e d  a t  d i f f e r e n t  s ta g e s  o f  growth i s  n o t s t r i c t l y  com parable 

(G riego  e t  a l . ,  1981), b u t th e  dose r e s u l t i n g  to  90 p e r  c e n t
_p

l e t h a l i t y  seems to  be betw een 7 -  15 Jm which co rre sp o n d s  t o  0 .4 5

- 0 . 9  seconds o f  i r r a d i a t i o n .  T h ere fo re  a t  i n a c t i v a t i o n  f lu e n c e s

o rd e r s  o f  m agnitude l a r g e r  th a n  th o se  p ro d u c in g  l e t h a l i t y ,

86  +i r r a d i a t e d  c e l l s  do n o t l e a k  Rb in to  t h e i r  su rro u n d in g  medium.

Then, e i t h e r  when a  c e r t a i n  dose i s  reac h ed  o r when a  c e r t a i n  tim e
86 +

e la p s e s  fo llo w in g  th e  in d u c t io n  o f  damage, a sh a rp  in c re a s e  of Rb 

leak ag e  i s  o b se rv ed .
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F ig u re  5 5 . The leakage  of Rb+ from s ta t io n a r y  AR6L0 (Panel A) 
and GM730 (Panel B) c e l l s  ex p ressed  a s  d i s i n t e g r a t i o n s  per minute 
per c e l l ,  a s  a fu n c t io n  o f  i r r a d i a t i o n  tim e w ith  broad-band far-UV
r a d ia t i o n .  The two s e t s  o f  d a ta  r e p re s e n t  th e  r e s u l t s  of r e p l i c a t e
experim ents .  ( ■ , □ , E = n o n - i r r a d i a te d )

( •  , O , © = i r r a d i a t e d )



TABLE 28
THE LEAKAGE OF RB+ FROM AR6LO AND GMT30 CELLS IN 

RESPONSE TO FAR-UV RADIATION

55A 55B

T im e(sec) D is in te g r a t io n s  Per M inute Per C e ll x 1 ( f2

AR6LO GM730 AR6LO GM730
C o n tro l I r r a d C o n tro l I r r a d C on tro l I r r a d C o n tro l Irra<

(6.3x10 5 *n (1 5 .6 x 105)* (6 .3x10 5 *n (1 5 .6 x 105)*

0 6 .0 3 .7 4.1 4 .7 3 .5 3 .3 2.1 2.4
20 — — — 4 .6 — 3.6 — 2.7
40 — — — 4 .7 — 3 .3 — 2 .6
60 — 4 .7 — 4 .9 3 .9 2 .9 2 .4 2 .5
80 — — 4.8 4 .7 — — — —

90 — — — — — 3.8 — 2.8
100 — — — 4.8 — — — —

120 — — — — 4 .3 4.1 2 .7 2.7
140 — — — 5 .2 — — — —

150 — — — — — — — 4.1
180 7 .2 5 .4 — 8 .8 — 5.6 2 .7 5 .0
210 — 11.2 — — — — — —

240 — 13.8 5 .2 16.5 4 .4 7 .4 2 .7 6 .7
300 7 .2 21 .4 5.1 21.5 — 14.6 3 .0 14.1
480
«

7 .3 24.7 5 .9 23.6 4 .7 25.3 3.1

c e l l  c o n c e n tra t io n



SURVIVAL PARAMETERS OBTAINED
TABLE 29

FOR HUMAN FIBROBLASTS IRRADIATED ATTACHED ON FLATES WITH BROAD-BAND FAR-UV RADIATION

C e ll L ine Source F lugnce R ate 
Jm” s’ \  -2Jm V 2 D10. -2 Jm

Method R eference  
o f i r r a d i a t i o n

AG1522 G eneral 0 .4 2 . 6±0.1 1 .8 ± 0 .2 7 .6 ± 0 .2 d i l u t i o n s Zamansky _et a l . ,
GM3652 E l e c t r i c 2 .7±0.1 2 .0 ± 0 .2 8 .3 ± 0 .2 16-20 hou rs 1985
GM730 G8T5 2 .6± 0 .1 2 .1 ± 0 .2 8 . 1±0.4 a f t e r  p la t in g

NHSF3 T oshiba 0 .1 2 -1 .0 8 .5 d i l u t i o n s Fuj iw ara  and
NHSF6 E l e c t r i c 9 .0 4-8 h rs  a f t e r T atsum i, 1976
NHSF40 15W 8 .8 p la t in g

GM38 G eneral 1.25 3 .4 ± 0 .3 8 .7 ± 1 .2 d i l u t i o n s Sm ith and
E l e c t r i c »dry* 18 h rs P a te rso n , 1982
25W a f t e r  p la t in g

GM38 G eneral 1.4 6 . 0±0.5 1 6 .2*0 .9 d i l u t i o n s Sm ith and
GM498 E l e c t r i c 7 .6 ± 0 .4 16.7±0.6 »dry , 6 h rs P a te rso n , 1981
CRL1141 15W 6 .7 ± 0 .3 19 .1±0 .5 a f t e r  p la t in g

1MR-91 G eneral 1.0 4.8 6 .5 d i l u t i o n sA W ells  and
E l e c t r i c ,  G15T8 - a t  4 C Han, 1985

CRL1121 G eneral 0 .0 8 -0 .2 4 .67 c o n f lu e n t Kraemer e£ a l . ,
CRL1119 E l e c t r i c 2 .99 - 5-7 day s  a f t e r 1976

G15T8 p la t in g

1BR, 4BR H anovia or 0 .1 5 -0 .9 Mean o f c o n f lu e n t Lehmann s i . ,
1BI, 2BI P h il ip s 4 norm als = “ 11 1 day a f t e r 1977

p la t in g
1BR, 4BR H anovia 1 .65 Mean o f A r le t t  e_t a l . ,
19BR, 2BI 12555 4 norm als = "15 same 1975

8 2 MB 2 P h i l l i p s 0 .38 7 .5 c o n f lu e n t Roza _e£ si* t

15WUJV 1 day a f t e r 1985
p la t in g



Post-Irradiation Radioactive Labelling of Fibroblasts
In  th e  fo llo w in g  s e t  o f  ex p erim en ts  an  a l t e r n a t i v e  approach

86 +to  a s s e s s  membrane damage was u se d y i n  w hich Rb was added to  th e

c e l l s  im m ed ia te ly  a f t e r  th e  i r r a d i a t i o n  p e r io d . In  t h i s  way, th e

a b i l i t y  o f th e  c e l l s  to  ta k e  up th e  l a b e l ,  r a th e r  th a n  r e l e a s e  i t ,

co u ld  be s tu d ie d ,  s in c e  th e  le a k a g e  c o n d i t io n s  w ere  s im i la r  f o r

d i f f e r e n t l y  t r e a t e d  c e l l s .

The ex p e rim en ta l method in v o lv e d  in o c u la t io n  o f  3x10 c e l l s  
2

in t o  90 mm p la t e s  c o n ta in in g  10 zdL o f EMEM supplem ented  w ith  152

f o e t a l  c a l f  serum. A fte r  4 days o f  grow th a t  37°C i n  a 5 per c e n t

COg a tm osphere , th e  p l a t e s  w ere  removed from  th e  in c u b a to r ,  r in s e d

tw ic e  w ith  5 ml PBS and i r r a d i a t e d  th ro u g h  t h e i r  l i d s ,  i n  10 ml PBS

fo r  1 , 2 or 3 h o u rs . At th e  end o f  th e  i r r a d i a t i o n  p e r io d , 9 ml o f

f r e s h  medium w ere  added to  th e  c e l l s  and 1 ml o f th e  a p p r o p r ia te  

86d i l u t i o n  o f  RbCl in  medium to  r e s u l t  i n  a c o n c e n tra t io n  o f  1
q  r ,

yC i/m l Rb . A fte r  a  24 hour in c u b a tio n  a t  37 C th e  le a k a g e  o f 

86  +Rb was a s s e s s e d  a s  p re v io u s ly  d e s c r ib e d , by m easuring  i t s  

in c r e a s in g  c o n c e n tr a t io n  i n  15 ml PBS.

F ig u re s  56 , 57 and 58 shew th e  le a k a g e  cu rv es  o b ta in e d  from AR 

and norm al GWT30 c e l l s  i f  i r r a d i a t e d  f o r  1, 2 , 3 h o u rs  o r n o t

i r r a d i a t e d  a t  a l l .  I t  can be seen  bo th  from  th e s e  g ra p h s  and more 

c l e a r ly  i n  F ig u re  59 , in  w hich th e  mean c a lc u la te d  v a lu e  o f th e  

r a t i o  o f i r r a d i a t e d  to  c o n tro l  c e l l s  from  th e  5 p re v io u s  ex p e rim e n ts  

i s  shown, t h a t  i r r a d i a t i o n  re d u c e s  th e  a b i l i t y  o f th e  c e l l s  to  ta k e  

up th e  l a b e l  in  a d o se-dependen t m anner. T h is  e f f e c t  i s  more 

pronounced i n  AR c e l l s  s in c e  a f t e r  2 ho u rs  o f  le a k a g e , on ly  65$, 35$ 

and 15$ o f  th e  l a b e l  w hich would have le a k e d  from n o n - i r r a d ia te d  

c e l l s  h a s  le a k e d  from AR c e l l s  i r r a d i a t e d  fo r  1 , 2  or 3 h o u rs ,
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TABLE 30

THE LEAKAGE OF 8 6 RB+ FROM AR6LO CELLS WITH TIME 24 HOORS AFTER 1 v 2 OR 

3 HOORS OF BROAD-BAND HEAR-OV IRRADIATION. THE LEAKAGE IS  EXPRESSED AS 

THE RATIO OF THE DISINTEGRATIONS PER MINUTE OF IRRADIATED:CONTROL CELLS

Time (min) E xperim ent 1 E xperim ent 2 Experim ent 3 Mean

NEAR-UV IRRADIATION FOR ONE HOUR

0 .84 .63 .82 .76
15 .79 .62 — .71
30 .75 .54 1 .79 .69
45 .69 — — .69
60 .62 .55 .71 .63
90 .58 .62 .77 .64

120 .52 .62 .78 .64
180 .56 .58 .78 .64
240 .51 .61 .79 .64
300 .54 .58 .72 .61

NEAR-UV IRRADIATION FOR TWO HOURS

0 .59 .68 .90 .72
15 .42 .81 — .62
30 .41 .69 .42 .51
45 .36 — — .36
60 .28 .53 .30 .37
90 .25 .53 .26 .35

120 .23 .47 .25 .32
180 .22 .44 .20 .29
240 .21 .40 .19 .27
300 .21 .37 .16 .25

NEAR-UV IRRADIATION FOR THREE HOURS

0 .29 .79 .71 .60
15 .19 .80 — .50
30 .09 .69 .23 .34
45 .08 — — .08
60 .07 .44 .17 .23
90 .06 .34 .13 .18

120 .04 .30 .11 .15
180 .04 .25 '  .09 .13
240 .04 .23 .07 .11
300 .04 .20 .06 .10



TABLE 31

THE LEAKAGE OF 8 6 RB+ FROM GMT30 CELLS WITH TIME 24 HOORS AFTER 1 v 2  OR 

3 HOORS OF BROAD-BAND NEAR-UV IRRADIATION. THE LEAKAGE 15 EXPRESSED AS 

THE RATIO OF THE DISINTEGRATIONS PER MINUTE OF IRRADIATED:CONTROL CELLS

Time (m in) E xperim ent 1 Experim ent 2 Mean

NEAR-UV IRRADIATION FOR ONE HOUR

0 1.23 1.09 1.16
15 1.09 1 .07 1.08
30 .86 1.10 .98
45 .94 .91 .93
60 .83 1.01 .92
90 .82 — .82

120 .85 .94 .90
180 .94 .98 .96
240 .90 .99 .95
300 .98 .91 .95

NEAR-UV IRRADIATION FOR WO HOURS

0 1.15 .95 1 .05
15 .8 9 .81 .85
30 .75 .82 .79
45 .75 .79 .77
60 .65 .80 .73
90 .67 .67

120 .70 .76 .73
180 .77 .81 .79
240 .80 .86 .83
300 .83 .75 .79

NEAR-UV IRRADIATION TIME FOR THREE HOURS

0 .61 .81 .71
15 .64 .88 .76
30 .55 .82 .69
45 .52 83 .68
60 .40 .77 .59
90 .38 .38

120 .40 .73 .57
180 .45 .65 .55
240 .41 .68 .55
300 .43 .55 .49



r e s p e c t iv e ly  w hereas th e  co rre sp o n d in g  v a lu e s  f o r  normal GM730 c e l l s  

a r e  90$ , 70$ and 55$.

86  +The d e c re a se  i n  th e  amount o f Rb r e le a s e d  from  th e  c e l l s  i s  

86 +a r e f l e c t i o n  o f  th e  Rb which was ta k e n  up o r i g i n a l l y .  Ih e  

o b s e rv a t io n  t h a t  i r r a d i a t e d  c e l l s  have a  red u ce d  a b i l i t y  to  a c t iv e l y  

ta k e  up ®^Rb+ can  be a r e s u l t  o f a t  l e a s t  two d i f f e r e n t  f a c t o r s .  

F i r s t ,  i t  co u ld  r e f l e c t  a d ec re a se d  a c t i v i t y  o f th e  Na+ /K+ pump a s  a  

r e s u l t  o f  i r r a d i a t i o n  damage, or a d e c re a se  i n  th e  p a s s iv e  

p e rm e a b il i ty  o f th e  c e l l .  A l te rn a t iv e ly ,  i t  co u ld  be a  r e f l e c t i o n  

o f  s e v e re ly  damaged c e l l s  w hich a r e  no lo n g e r  go ing  to  s u rv iv e . 

F u r th e r  e x p e rim en ta l w ork i s  needed to  c l a r i f y  th e  m echanism s 

u n d e r ly in g  th e se  o b s e rv a tio n s .
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The r e s u l t s  p re s e n te d  i n  t h i s  work can  be summarized a s  

fo l lo w s :

(1) The te m p e ra tu re  d u rin g  th e  i r r a d i a t i o n  o f  normal s k in  

f i b r o b l a s t s  i n  su sp e n s io n  in f lu e n c e d  t h e i r  s u rv iv a l  in  a 

w av e le n g th -d ep en d e n t way. T h is  may be ta k e n  a s  f u r th e r  ev idence 

t h a t  i r r a d i a t i o n  w ith  d i f f e r e n t  s e c t io n s  o f  U V -lig h t r e s u l t s  i n  

d i f f e r e n t  c e l l u l a r  e f f e c t s .  S p e c if  i c a l l y ,  an  in c re a s e  i n  th e  

i r r a d i a t i o n  te m p e ra tu re  r e s u l t e d  i n  s e n s i t i z a t i o n  to  w av e len g th s  

254 and 313 nm bu t i n  p r o te c t io n  a g a in s t  l e t h a l i t y  fo llo w in g  325, 

334 and 365 nm i r r a d i a t i o n .

(2 ) A c tin ic  r e t i c u l o i d  (AR€tf>)cells w ere  found to  be 

ap p ro x im a te ly  4 tim e s  more s e n s i t i v e  th a n  th e  normal human 

f i b r o b l a s t  s t r a i n  GM730 to  m onochrom atic 365 nm r a d i a t i o n  a t  25°C 

a s  w e ll  a s  t o  t r e a tm e n t.  No d if f e r e n c e  i n  t h e i r  s e n s i t i v i t y  to

o th e r  m onochrom atic w a v e le n g th s  (254 or 313 nm) o r to  

g am m a-rad ia tio n  w as found .

(3 ) T ro lox-C , a v ita m in  E an a lo g u e , p ro v id ed  c e l l u l a r  

p r o te c t io n  t o  AR c e l l s  a g a in s t  365 rm i r r a d i a t i o n  a t  25°C. T h is

p r o te c t io n  was more pronounced when th e  c e l l s  had been  grown i n  i t s  

p resen ce  p r io r  to  i r r a d i a t i o n  r a th e r  th a n  when in c u b a te d  i n  i t s

p re sen ce  a f t e r  i r r a d i a t i o n .  Normal c e l l  s e n s i t i v i t y  and 254 nm

s e n s i t i v i t y  was n o t a f f e c t e d  by th e  p resen ce  o f Trolox-C  i n  th e

p la t in g  medium a f t e r  i r r a d i a t i o n .

(4 ) The in c o rp o r a t io n  o f  70 p e r c e n t D20 i n  th e  b u f fe r  used  

f o r  su sp e n s io n  o f  th e  c e l l s  d u rin g  i r r a d i a t i o n  r e s u l t e d  i n  a 

s e n s i t i z a t i o n  o f  bo th  c e l l  l i n e s  to  365 nn i r r a d i a t i o n  a t  25°C. No
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a l t e r a t i o n  i n  s e n s i t i v i t y  was o b serv ed  when i r r a d i a t i o n  to o k  p la c e  

a t  0°C o r fo llo w in g  254 nm i r r a d i a t i o n .

(5 ) B road-band near-UV i r r a d i a t i o n  r e s u l t e d  i n  membrane damage 

ev id en ced  a s  in c re a s e d  ®^Rb+ leak ag e  i n  AlP^but n o t normal c e l l s  a t  

do ses  com parable to  l e t h a l i t y .  The p resen ce  o f Trolox-C  d u rin g  th e  

grow th o f c e i l s  p r io r  to  i r r a d i a t i o n  o f f e r e d  p r o te c t io n  a g a in s t  

®^Rb+ le a k a g e . Far-UV i r r a d i a t i o n  d id  n o t induce  Rb+ leak ag e  u n t i l  

d o ses  2 -3  o rd e rs  o f  m agnitude g r e a te r  th a n  th e  l e t h a l  dose w ere  

re a c h e d .

The fo llo w in g  id e a s  w ere  developed  re g a rd in g  near-UV mechanisms 

o f l e t h a l i t y  and i n  p a r t i c u l a r  A R ^ ce llu la r s e n s i t i v i t y .

I t  i s  becom ing a c c e p te d  t h a t  r e a c t iv e  oxygen s p e c ie s  a r e

form ed a s  a r e s u l t  o f near-UV r a d ia t io n  and t h a t  i t  i s  a  v i t a l

fu n c t io n  o f  th e  c e l l  to  e f f e c t i v e l y  scavenge th e se  by a n t io x id a n t

enzymes and a n t io x id a n t  m o le c u le s . One h y p o th e s is  i s  t h a t  AR c e l l s

a r e  d e f e c t iv e  i n  an  en zy m atic  fu n c t io n  r e l a t e d  t o  t h i s  d e fen se

mechanism. The p r o te c t iv e  e f f e c t  o f Trolox-C  can  be en v isag ed  a s

ta k in g  p a r t  i n  a t  l e a s t  two s te p s .  One p a r t  i s  r e l a t e d  to  th e

scav en g in g  o f  th e se  s p e c ie s ,  i n  p a r t i c u l a r  s in g l e t  oxygen and

su p e ro x id e  a n io n , and th e  p re v e n tio n  o f  and OH* fo rm a tio n , and

th e  o th e r  a s  th e  p re v e n tio n  o f  l i p i d  p e ro x id a tio n  o f  c e l l u l a r

membranes. Near-UV induced  l i p i d  p e ro x id a t io n  cou ld  le a d  t o

86 +g e n e ra l iz e d  membrane damage w hich cou ld  r e s u l t  i n  Rb le a k a g e . 

T h is  membrane damage due to  in a d e q u a te  scaveng ing  o f  r e a c t iv e  oxygen

s p e c ie s  o r  due to  o th e r  u n id e n t i f i e d  f a c t o r s ,  was o bserved  i n  AR

c e l l s  bu t n o t normal c e l l s .

The s e n s i t i z a t i o n  r e s u l t i n g  from  i r r a d i a t i o n  i n  D^O occured  i n  

both  c e l l  l i n e s  and sh o u ld  be re g a rd e d  s e p a r a te ly .  I t  cou ld  be

-  128 -



e x p la in e d  by th e  p re v io u s  s u g g e s tio n , i . . e .  D^O enhances th e  l i f e t i m e  

o f  s i n g l e t  oxygen w hich a t  te m p e ra tu re s  a llo w in g  enzym atic  a c t io n  i s  

i n  t u r n  c o n v e rte d  to  o th e r  r e a c t iv e  oxygen s p e c ie s  t h a t  p re s e n t  a n  

e x t r a  lo a d ,  bo th  f o r  AR c e l l s  w hich a r e  a lre a d y  u n ab le  to  scavenge 

a l l  o f them and to  normal c e l l s  w hich a re  u n ab le  to  scavenge th e  

e x t r a  lo a d .  The non-scavenged  r e a c t iv e  s p e c ie s  cou ld  th e n  le a d  to  

l e t h a l  l e s i o n s .

vPI t  canno t be ex c lu d ed  t h a t  AR6 c e l l s  may be d e f i c i e n t  i n  a n o th e r  

en zy m atic  fu n c t io n  such a s  i n  enzymes w hich w ould n o rm ally  r e p a i r  

near-UV induced  damage and t h i s  p o s s i b i l i t y  needs f u r t h e r  

in v e s t i g a t io n .  R egard ing  th e  t a r g e t  o f i r r a d i a t i o n  and th e  l e t h a l  

l e s i o n s  p roduced , a s  w ith  normal c e l l s ,  bo th  DNA and membrane 

damage co u ld  be im p o rta n t and t h e i r  r e l a t i v e  c o n t r ib u t io n  t o  

l e t h a l i t y  may depend on p a r t i c u l a r  c irc u m s ta n c e s .

-  129 -



A P P E N D I C E S



APPENDIX 1

TABLE A1. CHEMICAL COMPOSITION OF MEDIA USED:

Minimum E s s e n t ia l Dulbecco* s
Medium (E ag le ) M o d if ic a tio n
(M odified ) w ith o f E a g le ’ s
E a r le * s  S a l t s Medium

In g re d ie n t ( m g / l i t r e ) ( m g / l i t r e )

L -A rg in in e  HC1 126.4 8 4 .0 0
L -C y s te in e  d isodium  s a l t 28 .42 56.78
L-G lutam ine 292.3 584 .0
G lycine ----- 30.00
L -H is t id in e  HC1 H2 0 41.90 42.00
L - I s o l  eu c in e 52.50 104.8
L -L eucine 52.50 104.8
L -L ysine  HC1 73.06 146.2
L -M eth ion ine 14.90 30 .00
L -P henyl a la n in e 33 .02 66 .00
L -S e rin e ----- 42.00
L -T hreon ine 47 .64 95.20
L -T ryp tophan 10.20 16.00
L -T y ro sin e  d isodium  s a l t 45 .0 2 89-50
L -V alin e 46.90 93 .60
D-Ca p a n to th e n a te 1.00 4 .0 0
C h o lin e  c h lo r id e 1.00 4 .00
F o l ic  a c id 1.00 4 .0 0
i - I n o s i t o l 2 .0 0 7 .0 0
N ico tinam ide 1.00 4 .00
P y rid o x a l HC1 1.00 4 .00
R ib o f la v in 0 .10 0 .40
Thiam in HC1 1.00 4 .00
CaCl HO 264.9 264 .9

S ' S ’ s V 400.00
0 .1 0

400.0
MgSOj. 7H ,0 200.00 200.0
NaCl 2 6800 6400
NaHCO 2000 3700
NaH P0 2IL0 
D-GIucOse

158.3 141.3
1000 4500

Phenol re d  sodium s a l t 17.00 15.00
Sodium p y ru v a te ----- 110.0
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APPENDIX 2 : UV DOSIMETRT BY CHEMICAL ACTINOMETRY

a . S o lu t io n s  Osed 

A otinom eter s o lu t i o n :

0.006M o f  po tass ium  f e r r i o x a l a t e  made up a s  fo llo w s :

800 ml o f d i s t i l l e d  w a te r  c o n ta in in g  2.947g o f  po tassium  f e r r i o x a l a t e  

+ 100 ml N HgSO^ (V olucon, MfB) 

to  1000 mL w ith  do u b le  d i s t i l l e d  w a te r  

C a l ib r a t io n  S o lu tio n
—7 4*4*

4 x 10 m oles o f  Fe io n s  per ml made up a s  fo l lc w s :

1 ml of 0 .1  M s o lu t io n  o f  f e r ro u s  s u lp h a te  (AR) 

to  250 ml w ith  0 .1  N H^SO^ (V olucon, Mi-B)

P h e n a n th ro lin e  S o lu tio n

P h e n a n th ro lin e  s o lu t io n  made up a s  fo llo w s :

1 .00 g o f  1 :10  p h e n a n th ro lin e  m onohydrate (BDH) 

to  1000 ml w ith  dou b le  d i s t i l l e d  w a te r  

B u ffe r

600 ml N sodium a c e ta t e  s o lu t io n  (AR S o lid )

+ 350 mL N H^SO^ (V olucon, MfB) 

to  1000 ml w ith  doub le  d i s t i l l e d  w a te r

b. C a l ib r a t io n  o f  th e  A ctinom eter S o lu tio n

E leven  x 25 ml s to p p e re d  v o lu m e tr ic  f l a s k s  w ere used  i n  w hich 

volum es o f  c a l i b r a t i o n  s o lu t io n  from 0 to  5 .0  ml w ere added i n  0 .5  

ml s te p s .  The n e c e ssa ry  volume o f 0 .1  N ^ ^ 4  was acic*ec* to  12.5  mL 

fo llo w ed  by 2 .0  ml o f 1$ p h e n a n th ro lin e  s o lu t io n  and made up to  25 

ml w ith  b u f f e r .  The f l a s k s  w ere shaken and a llo w ed  to  s ta n d  f o r  30 

m in u tes  to  dev e lo p  th e  c o lo u r ,  a f t e r  w hich tim e a n  o p t i c a l  d e n s ity



re a d in g  f o r  each s o lu t io n  was ta k e n  a t  510 nm, u s in g  th e  s o lu t io n  

w ith  no c a l i b r a t i o n  s o lu t io n  a s  b lan k . A p lo t  o f o p t ic a l  d e n s i ty  a t  

510 nm a g a in s t  m oles o f  Fe++ io n s  w as p rep a red  and th e  s lo p e  o f th e
D

l i n e ,  c a lc u la te d  by r e g r e s s io n  a n a ly s i s ,  was found to  be 0.1121x10 

(F ig . A1) .

c . D osim etry  fo r  U l t r a v i o l e t  S o u rces

T hree ml o f a c tin o m e te r  s o lu t io n  w ere p la ced  i n  th e  q u a r tz  

c u v e t te  and exposed  to  m onochrom atic l i g h t  f o r  exposu re  tim es  w hich 

w ould g iv e  a p p ro p r ia te  o p t i c a l  d e n s ity  re a d in g s . A fte r  exp o su re , 

2 .5  ml o f s o lu t io n  w ere  removed from  th e  c u v e t te  and developed  a s  

p re v io u s ly  d e s c r ib e d . The o p t i c a l  d e n s ity  a t  510 nm and th e  s lo p e  

o f  th e  c a l i b r a t i o n  cu rv e  w ere used  to  c a lc u la te  th e  f lu e n c e  r a t e .

d. C a lc u la t io n  o f  F luence R ate
Q

Slope o f c a l i b r a t i o n  cu rv e  = 0.1121x10

Volume i r r a d i a t e d  = 3 -0  ml
2I r r a d i a t i o n  a re a  = 300 mm

Volume sam pled and developed  = 2 .5  nil

An ex p o su re  tim e o f seconds gave a n  o p t i c a l  d e n s ity  a t  510 nm

0D_,rt nm 510

S lope o f  c a l i b r a t i o n  cu rv e

Moles per ml of Fe io n s

T h is  Fe++ io n  c o n c e n tr a t io n  per ml was i n  25 ml o f developed  

s o lu t io n  o r i g i n a l l y  from 2 .5  nil sam pled from a t o t a l  o f 3 nil o f 

s o lu t io n  i r r a d i a t e d .  Thus th e  above c o n c e n tra t io n  o f  Fe++ io n s , 

m u l t ip l ie d  by 25 x 3 /2 .5  g iv e s  th e  t o t a l  Fe++ c o n c e n tra t io n  i n  m oles 

i n  th e  3 ml of i r r a d i a t e d  s o lu t io n .  I f  th e  t o t a l  m oles o f  Fe++ io n s
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i n  3 ml o f i r r a d i a t e d  s o lu t io n  i s  Y, th e n  th e  f lu e n c e  r a t e  may be 

c a lc u la te d  a s  fo l lo w s :

The quantum  y i e l d  i s  1.26 m oles per E in s te in .

Thus Y m oles o f  Fe++ io n s  = Y E in s te in s

1.26

At a s p e c i f i c  w av e le n g th , e rg s  per E in s te in  = a 

T h e re fo re

Y E in s te in s  = a x Y e rg s

1.26 1.26
2

S ince t h i s  i s  f o r  300 mm i r r a d i a t i o n  a r e a ,  th e  f lu e n c e  i s

-2a x Y e rg s  mm

300 x 1.26

-2  -1T h e re fo re , f lu e n c e  r a t e  = a x Y  e rg s  mm sec

300 x 1.26 x t

-2  -1— a x Y__________  Jm sec

300 x 1.26 x t  x 10

-2  -1a x OP x 25 x 3_____________  Jm sec

300 x 1.26 x t  x 10 x 2 .5  x s lo p e  

a x OP x 7.0708 x 10" ^  Jm ^ se c  ^
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APPENDIX 3 : GAMMA-RADIATION DOSIMETRY BY FRICKE DOSIMETRY

a . S o lu t io n s  Used 

D o s im e tr io  S o lu t io n

The d o s im e tr ic  s o lu t io n  c o n ta in e d  

10"3 M Fe(HH11) 2 (S01)) 2 61^0 

+ 10"3 M NaCl 

d is s o lv e d  i n  0 .8  N HgSO^

T h is  w as p re p a re d  f r e s h ly  by u s in g  

0 .985  g Fe(NH4 ) 2 (S04 ) 2 (BDH)

+ 25 ml 0 .01  M NaCl (BDH)

+ 100 ml 2N H2 S04

to  250 ml w ith  d oub le  d i s t i l l e d  w a te r  

137b. D osim etry  fo r  Cs so u rce

10 ml o f a  f r e s h ly  p rep a red  d o s im e tr ic  s o lu t io n  w ere t r a n s f e r e d  

to  th e  i r r a d i a t i o n  v e s s e l  p o s it io n e d  a t  23 cm f r a n  th e  base o f th e  

cham ber, and exposed  to  gamma i r r a d i a t i o n  f o r  d i f f e r e n t  tim e 

e x p o su re s . A f te r  each i r r a d i a t i o n ,  th e  y i e ld  o f  f e r r i c  io n s  was 

m easured s p e c tro p h o to m e tr ic a l ly  a t  305 nm a t  22°C (T ab le  A 2). A p lo t  

o f th e  ab so rb an ce  o f  th e  d o s im e tr ic  s o lu t io n  a g a in s t  i r r a d i a t i o n  

tim e  i s  shown i n  F ig . A2. The r e s u l t  d e m o n stra te s  t h a t  w i th in  th e

i r r a d i a t i o n  tim e  o f 50 m in u tes , th e  ab so rb an ce  in c r e a s e s  l i n e a r l y

w ith  d ose .
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c . C a lc u la t io n  o f  F luence R ate

The a b so rb ed  r a d i a t i o n  dose i s  c a lc u la te d  by an e q u a tio n  

d e r iv e d  i n  th e  fo llo w in g  m anner:

The amount o f Fe+++ l i b e r a t e d  when th e  d o s im e tr ic  s o lu t io n  i s  

i r r a d i a t e d  can  be d e te rm in ed  from  B e e rf s  Law.

^Fe+++ ( m o l e s / l i t r e )  = A

£  x L

-1 -1w here , A i s  th e  ab so rb an ce , £. i s  th e  abso rb an cy  (M cm ) a t  th e

w av e len g th  used  and L i s  th e  o p t i c a l  p a th le n g th  of th e  sam ple ( in

cm). I f  1 cm c u v e t te s  a r e  used  fo r  th e  d e te rm in a tio n  o f  th e  o p t ic a l

ab so rb an ce , th en ,

^Fe+++ ( m o l e s / l i t r e )  = A
<£

^Fe+++ (m oles/m l) = A_____

103 x <£-

*'Fe+++ (m o les /g )  = A_________

103 x<-L x

Where ^  i s  th e  d e n s ity  o f th e  s o lu t io n .

Number o f Fe+++ io n s /g  o f  s o lu t io n

= A________  x Avogadro’ s  Number

103 x d x £

= A x 6 .023 x 10 

x ^

S in ce  th e  r a d i a t i o n  chem ical y i e l d  (G) r e p r e s e n t s  th e  number o f io n s
i

t h a t  a r e  form ed p e r  100 MeV ab so rb ed , th e n :

20E ( i n  eV /g) = A x 6 .023 x 10
A

&  x ^  x G x 1 0 '

Where E i s  th e  amount o f energy ab so rb ed .
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-1 21eV = 1 .602  x 10 e rg s . T h e re fo re
20 -12  

E ( in  e r g s /g )  = A x 6 .023 x 10____ x 1.6Q2 X 1Q

<£■ x ^  x G x 10“

S ince 1 ra d  = 100 e rg s /g ,  th e n ,

Dose ( i n  r a d s )  = A x 6.023 x 108 x 1.602 _

£  x ^_x  G x 10“ ^ x 10^

= A x Q.65 x 108

x ^ x  G

o * 1 ■■ 1a t  w av e len g th  305 nm, a t  25 C, i s  2196 M“ cm" and can  be c o r re c te d

f o r  te m p e ra tu re  d i f f e r e n c e s  by th e  f a c to r  1 + 0 .0 0 6 (to - t ) , w here t  i sc.0
th e  te m p e ra tu re  a t  w hich th e  abso rbance was r e a d  (22^C)

G -value f o r  ^ ^ C s  i s  15.3 and ^ _ i s  1 .024.

T h e re fo re  when s lo p e  = 3 . 7 4 x 1 0  (s e e  T ab le  A2)

Dose ( i n  r a d s )  = 3 .7 4  x 10 “3 x 9 .6 5  x 108

2196 x 15.3 x 1.024 [(1  + 0 .006 (2 5 -2 2 )]

= 103.05 rad s /m in

= 1 .03  Gy/min
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TABLE A2. ABSORBANCE OF 137 Cs GAMMA IRRADIATED
FERROUS SULPHATE SOLUTION, READ AT 305 NM, AT 22°C

I r r a d i a t i o n  tim e  Mean A bsorbance
(min) (A)

0
10 .033
15 .05
20 .075
25 .09
30 .11
35 .125
40 .145
45 .17
50 .18

By l i n e a r  r e g r e s s io n :  S lope = 3.7*1 x 10 ^
I  = -3 .6 3  x 10“3

C o rr. C oeff. = .998
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APPENDIX 4 : COBRECTIOH OF UV-FLUHICE RATE BT THE MOROWITZ FACTOR

TABLE A3. REDUCTION IN OPTICAL DENSITY, KASURED USING THE ORIEL 7102  
THERMOPILE, WITH VARIOUS CONCENTRATIONS OF STIRRED CELLS 
AND THE CALCULATED MOROHITZ FACTOR AT 254 , 313 AND 365 NM

C o n c e n tra tio n  O p tic a l C o rre c tio n
W avelength ( c e l l s /n i l )  D en s ity  ^ T ran sm iss io n  F a c to r

254 nm b lan jj 20 .0  100
5x10,1 18.5 92.50
1x10.1 17.8 8 9 .0 0  ----- > 0 .945
2x10* 16 .5  8 2 .50
4x10* 14.7 73 .50
6x10* 13.0 65 .00
8x10? 11.3  56.05
1x10° 9 .5  47.50

313 nm b la n k  235 1 00
5x10,1 230 97.87
1x10* 227 96.60 — > 0.983
2x10* 212 90.21
4x10* 190 80 .85
6x10* 170 7 2 .34
8x10? 158 67 .23
1x10 135 57.45

365 nn b la n k  890 100
5x10,1 890 100
1x10* 87 0 97 .75  ------> 0.989
2x10* 820 92.13
4x10* 750 84 .27
6x10* 690 77 .53
8x10? 660 74 .16
1x10° 560 62 .92
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APPENDIX 5 : STATISTICAL ANALYSIS OF RESULTS

The (k ) and (n ) v a lu e s  from  groups o f  s u rv iv o r  c u rv e s  w ere a n a ly se d  

f o r  hom ogeneity  w ith in  groups and betw een g roups by com puting 

c h i- s q u a re d  (X2 ) a s  fo llo w s . I f  j ^ ( p - p ) 2 i s  th e  sums o f  sq u a re s  o f  n 

e s t im a te s  o f  a p a ram ete r p computed from a normal d i s t r i b u t i o n  w ith  

v a r ia n c e  th e n  th e  q u a n t i ty

A.  (p -p> 2

fo llo w s  a c h i-s q u a re d  d i s t r i b u t i o n  w ith  n-1 d e g re e s  o f  freedom  

(S n ed eca r and C ochran, 1967) Thus

x2(n -1 )  =j / ( b - b ) 2 

2s

2
w here s  i s  a  pooled  e s t im a te  o f th e  v a r ia n c e  d e r iv e d  from th e  

s ta n d a rd  e r r o r s  o f  th e  s lo p e s  (b ) w hich can be used  to  t e s t  f o r  

s i g n i f i c a n t  h e te ro g e n e i ty  amongst th e  n s lo p e s .  By s u b t r a c t in g  th e  

c h i-s q u a re d  f o r  s u b s e ts  from th e  c h i-s q u a re d  fo r  th e  s e t ,  a betw een 

s u b s e t  c h i-s q u a re d  can  be d e r iv e d .
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APPENDIX 6: GROWTH CURVE CONSTRUCTION

Method

5 5One ml o f c e l l s  c o n ta in in g  e i t h e r  10 or 3 x 10 c e l l s  w ere  

added to  9 ml EMEM c o n ta in in g  15% f o e ta l  c a l f  serum i n  90 mm p la t e s .  

P la te s  w ere  p la c e d  i n  boxes, g a ssed  w ith  5% CO  ̂ and in c u b a te d  a t  

37°C. A fte r  a p p ro p r ia te  tim e i n t e r v a l s ,  one p la te  a t  a tim e w as 

t r y p s in iz e d  i n  th e  u su a l way and th e  number o f c e l l s  coun ted  u s in g  

th e  haem ocytom eter.

I f  T rolox-C  w ere to  be u sed , th e  a p p ro p r ia te  c o n c e n tra t io n  w as 

added d u rin g  s u b c u ltu r e .
5

T able A4: 3*10 c e l l s  in o c u la te d
5

T ab le  A5: 1x10 c e l l s  in o c u la te d
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TABLE A4. GROWTH OF AR6LO AND GHT30  CELLS

AR6LO GM730

T im e(h rs) C e ll  co u n ts  x 10" Time ( h r s ) C e ll count

24 1.54 17 2 .3 2
48 2 .9 2 28 3 .1 5
74 5 .2 2 38 5 .0 5
96 7 .07 48 6 .90

121 8 .7 1 62 8 .5 2
144 7 .1 2 72 11.50
169 7 .7 5 92 14.52

120 16.65

TABLE A5. GROWTH OF AR6LO AND GMT30 CELLS IN THE ABSENCE AND 
PRESENCE OF 30 fig /m l TROLOX-C IN THE GROWTH MEDIUM

Time( h rs ) C e l l  C o u n t s  X 1 0

AR AR+Trolox-C GM GMfTrolox-C

20 0.53 1.07 0 .45 0 .69
27 0.48 1 .09 0 .53 0 .7 9
45 0 .33 0 .77 0 .54 0 .80
51 0 .50 1.36 1.19 1.34
69 0 .92 1.87 2 .67 2.57
92 1.51 2 .1 3 4.68 4 .38

116 2 .63 3 .23 7 .3 3 4 .82
141 3 .3 3 3 .9 2 8 .0 7 7 .9 4
164 S. 5 .92 10.87 10.21
170 5 .22 5 .7 3 — —
191 3.85 5 .1 5 9.96 10.31
214 3 .9 2 3 .89 8 .2 6 7 .6 2
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APPENDIX 7 :  8 6 RB+ QDENCH CURVE

EFFZ
I e
I 4844444444444444444440
I
I 444444

90.004- 444444
1 484
I 44
1 44

8 0 .004  4
I 48
I *

70.00-4 4
1 4
I 4 
I

60.00-4 8 
I
I 4
I

50.00-4 0 
I 4
I
I

40 .00-4 4
1 0 
I 
1

30.00-4 4 
I
I

20.004  
10 
1
1

10.00-4 
18 
1
I+-------- +---------- 4-------- +-------- +---------- 4---------+---------+---------- +-------- 4----
.000 .050 .100 .150 .200  .250 .300 .350 .400 .450

86 +F ig u re  A5. Quench curve fo r  Rb determ ined by th e
LKB Rackbeta 1215 l iq u id  s c i n t i l l a t i o n  co u n te r.
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APPENDIX 8: E X P E R I M E N T A L  D A T A
T A B L E S  A 6 -  A 31
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TABLE A6 . SURVIVAL OF GM730 CELLS TO 365 NM RADIATION AT 0°C (SEE FIG, 17)

E xperim ent
Number 1 2 3 k 5 6 7

Passage 
Number 
P la t in g  
E f f ic ie n c y  ($)

18

19

19

19

14

30

15

33

17

11

17

14

15

8

UV FLUENCE 
Jm

S U R V I  V I N G F R A C T I O N

4
5.0x10 8 .45x10~ 1 6 .7 9 x 1 0 "1 8 .90x10“ 1 9 . 9 4 x 1 0 ‘ 1 6 .82x10“ 1 9 .04x10-1 -----

1 .0x105 8 .7 7 x 1 0 "1 5.53x10“ 1 7 .00x10” 1 7 . 6 8 x 1 0 “ 1 5.^5x10’ 1 6 .4 7 x 1 0 "1 6 .7 3 x 1 0 "1

1 .5x10S 6 .1 5 x 1 0 "1 4.90x10“ 1 5 . 4 0 x 1 0 " 1 5 . 6 3 x 1 0 " 1 3 . 9 1 x 1 0 ” 1 4 . 7 8 x 1 0 “ 1 4 .50x10” 1

2 .0 x 1 0 S 3.29x10“ 1 2 . 5 8 x 1 0 " 1 3 .80x10“ 1 3 . 5 8 x 1 0 ‘ 1 2 .4 1 x 1 0 "1 3 .2 5 x 1 0 "1 2 .35x10“ 1

2 .5 x 1 0 S 1.61X 10"1 1 .25x10"1 1 . 9 8 x 1 0 “ 1 2 . 3 8 x 1 0 “ 1 2.64x10“ 1 1 .9 3 x 1 0 "1 1 .7 5 x 1 0 "1

3 .0 x 1 0 S 8.50x10~2 ----- 9 . 8 5 x 1 0 " 2 1.07x10“ 1 1.00x10~1 6 .9 9 x 1 0 "2 1.12x10“ 1

3 .5 x 1 0 S 4 .8 2 x 1 0 "2 ----- 6 .25x10“ 2 6 .42x10“2 1.23x10“ 1 4 .46x10“2 9 . 6 7 x 1 0 “ 2

4 .0 x 1 0 S — — 5.20x10“2 3 . 9 8 x 1 0 " 2 6.88x10~2 2 .5 9 x 1 0 "2 ___



TABLE A7. SURVIVAL OF GHT30 CELLS TO 365 EH RADIATION AT 25°C (SEE FIG. 18)

E xperim ent
Number 8 9 10 11

P assage 
Number 
P la t in g  
E f f ic ie n c y  {%)

13

34

14

37

11

41

12

38

UV ELUENCE 
Jm

S U R V I V I N G F R A C T I O N UV FLUENCE 
Jm

S U R V I V I N G F R A C T I O N

5.0X103 6 .9 2 x 1 0 "1 1.01x10 0 3 .3x103 8 .6 0 x 1 0 "1 8 .10x10“ 1
4

1.0x10 5 .7 3 x 1 0 "1 8.79x10~1 6 .7x103 7 .95x10’ 1 7 .07x10“ 1
4

1.5x10 4 .10x10“ 1 8 . 7 4 x 1 0 “ 1 1.0x10** 8.08x10” 1 7 .39x10“ 1

2 .0 x 1 0 4 3 .52x10’ 1 7 . 6 6 x 1 0 ” 1
4

1.3x10 5 .2 8 x 1 0 "1 6 .43x10” 1
4

2.5x10 3 . 1 8 x 1 0 ” 1 8.20x10” 1
4

1.7x10 5 .1 1x10” 1 6 .9 3 x 1 0 "1
4

3.0x10 2 .24x10” 1 6 .77x10“ 1 2.0x10** 5 . 6 3 x 1 0 " 1 6 .72x10” 1
4

3.5x10 2 .15x10“ 1 5.91x10“ 1
4

2.3x10 4 .1 9 x 1 0 "1 6 .1 5 x 1 0 "1

4.0x10** 1 .46x10"1 5 .24x10"1 2.7x10** 3 .90x10“ 1 6 .21x10” 1

4.5x10** 1 .69x10"1 4 .99x10“ 1 3.0x10** 3 .25x10“ 1 4 .5 1 x 1 0 "1
4

5.0x10 8 .72x10"2 5.57x10” 1
4

3.3x10 3 . 6 8 x 1 0 ” 1 3 . 9 4 x 1 0 “ 1



TABLE A8. SURVIVAL OF GM730 CELLS TO 365 NM
RADIATION AT 37 C (SEE FIG. 19)

E xperim ent
Number 12 13

Passage 
Number 
P la t in g  
E f f ic ie n c y  (%)

14

42

16

17

UV ELUENCE 
Jm

S U R V I V I N G F R A C T I O N

5.0X103 ----- 9 . 9 8 x 1 0 " 1

1.0x10^ 8.64x10~1 8 .2 6 x 1 0 "1
ii

1.5x10 6 .2 9 x 1 0 "1 8 .09x10~1

2 .0x10^ 7 .0 7 x 1 0 "1 1.08x10 0
21

2.5x10 5 .2 1 x 1 0 "1 7 .55x10-1

3 .0 x 1 0 4 7 .71x10“ 1 7 .55x10“ 1
ii

3.5x10 5 . 6 4 x 1 0 " 1 5 .2 1 x 1 0 "1

4.0x10^ 4 .50x10“ 1 5 . 7 8 x 1 0 “ 1

4 .5 x 1 0 4 3 .6 8 x 1 0 "1 4 .9 0 x 1 0 "1

5 .0 x 1 0 4 3.88x10~1



TABLE A9. SURVIVAL OF GKT30 CELLS TO 254 NM RADIATION AT 0°C (SEE FIG. 21)

E xperim ent
Number 14 15 16 17 18 19 20

Passage
Number
P la t in g
E f f ic ie n c y

11 11

{%) 40 42

13

37

13

20

13

15

13

33

16

14

UV ELUENCE 
Jm

S U R V I V I N G  F R A C T I O N

5.0x10° 9 . 8 0 x 1 0 " 1 1 . 0 0 x 1 0 ~ 1 9 . 8 7 x 1 0 " 1 9 .50x10"1 9 .50x10“ 1 1.17x10 0 -----

1 .0x101 9 . 6 0 x 1 0 " 1 9.40x 10“ 1 1.07x10 0 8 .2 3 x 1 0 "1 9.60x10“ 1 9 .4 6 x 1 0 "1 6 . 9 6 x 1 0 ~ 1

1 .5x101 8 .60x10“ 1 9-92x10“ 1 9.76x 10“ 1 8 .03x10“ 1 9 .9 0 x 1 0 "1 8 .74 x 10” 1 -----

2 .0 x 1 0 1 7 .6 0 x 10“ 1 8 .45x10~1 9.08x10~1 6 .3 5 x 1 0 "1 7 .4 0 x 10"1 8 .06x10” 1 6 .4 7 x 1 0 "1

2.5X101 6 .0 5 x 1 0 "1 8 .0 0 x 1 0 "1 7 .92x10“ 1 5 .7 9 x 1 0 "1 3 .5 3 x 1 0 "1 2 .71x10“ 1 6 .2 5 x 1 0 "1

3 .0 x 1 0 1 4.80x10~2 5 .8 0 x 1 0 "1 7 .22x10” 1 5 .11x10"1 1 . 7 6 x 1 0 " 1 2 .2 6 x 1 0 "1 3.85X 10"1

3.5X 101 3 .5 7 x 1 0 "2 4 .10x10‘ 1 5.34x 10"1 3 .6 0 x10“ 1 1 .69x10"1 1.69x10’ 1 -----

4 .0 x 1 0 1 ----- ----- 4 .2 8 x 1 0 "1 2.70x10“ 1 ----- 1 .39x10“ 1 2 .8 9 x 1 0 "1

4 .5 x 1 0 1 ----- ----- ----- 1.53x10” 1 ----- ----- 1 .8 1 x 1 0 "1

5 .0 x 1 0 1 1 .10x10"1 9*70x10"2 2.72x10“ 1 1.33x10“ 1 1.00x10“ 1 9.70x10~2 1.75x10“ 1

6 .0 x 1 0 1 7 .5 0 x 1 0 "2 6 .90x10“2 1.45x10“ 1 9 . 1 6 x 1 0 " 2 6 .8 3 x 1 0 "2 4 .35x10“2 8 .82x10“2



TABLE A10. SURVIVAL OF GM730 CELLS TO 254 NM RADIATION AT 2 5 °  AND 37°C (SEE FIGS. 2 2 , 23)

E xperim ent
Number 21 22 23 24 25

P assage
Number 12 15 15 15 16
P la t in g
E f f ic ie n c y

i

-=TCMCOro 13 11 5

UV ELUENCE 
Jm S U R V I V I N G  F R A C T I O N S U R V I V I N G F R A C T I O N

5.0x10° 8 .3 2 x 1 0 "1 ----- 7 .8 2 x 1 0 "1

1 .0x101 7 .95x10“ 1 1.04x10 0 8 .55x10~1 8 .21x10“ 1 -----

i
1 .5 x 1 0 ' 8 .1 1 x 1 0~1 7 .9 7 x 1 0 "1 6 .32x10“ 1 6 .7 3 x 1 0 "1

2 .0 x 1 0 1 7 . 42x10” 1 6 .39x10“ 1 3 .6 8 x 1 0 "1 5 .6 4 x 10"1

2 .5 x 1 0 1 ----- ----- 4.73X 10"1 2 .39x10-1 3 .5 2 x 1 0 "1

3 .0 x 1 0 1 4 .8 1 x 10“ 1 3 .5 6 x 1 0 "1 2.62x10“ 1 2 .31x10“ 1 2 .8 5 x 1 0 "1

3 .5 x 1 0 1 2 . 6 1 x 1 0 ” 1 3 .3 1 x 1 0 "1 2 .10x10"1 1.54x10“ 1 2 .06x10” 1

4 .0 x 1 0 1 2.10X10*1 2 .1 5 x 1 0 "1 1.62x10“ 1 1.51x10“ 1 1.27x10” 1

4 .5 x 1 0 1 1 .04x10"1 1.15x10“ 1 1 .2 5 x 1 0 "1 8.43x10**2

5 .0 x 1 0 1 ----- ----- 8 .31x10“2 1.00x10“ 1 7 .4 0 x 1 0 ”2

5 .5 x 1 0 1 ----  ----- 6 . 3 6 x 1 0 “ 2 7 .0 4 x 1 0 "2 5 .70x10“ 2

6 .0 x 1 0 1 6 .4 4  10“2 3.95x10”2 5.91x10”2 4 .49x10“2



TABLE A11. SURVIVAL OF GMT30 CELLS TO 313 NM RADIATION AT 0°C. (SEE FIG. 25)

E xperim ent
Number 26 27 28 29 30 31 32

Passage
Number
P la t in g
E f f ic ie n c y

17

(%) 41

13

34

20

28

17

19

14

23

15

26

15

43

UV ELUENCE 
Jm

S U R V I V I N G  F R i I C T I O N

5.0x103 ----- 8 .04x10“ 1 9 . 8 8 x 1 0 “ 1 9.55X 10"1 8 .99x10“ 1 9 .7 9 x 1 0 "1
4

1.0x10 8 .8 0 x 1 0 "1 1.06x10 0 7 . 6 1 x 1 0 “ 1 8 .5 9 x 1 0 "1 8 .9 5 x 1 0 "1 7 . 6 7 x 1 0 “ 1 7 . 6 9 x 1 0 ~ 1

4
1.5x10 ----- ----- 5 .57x10"1 7 . 6 8 x 1 0 “ 1 7 .9 1 x 1 0 “ 1 ----- -----

4
2 .0x10 5 .27x10“ 1 6 .67x10“ 1 6 .4 0 x 1 0 "1 7 .2 3 x 1 0 "1 5.72x10“ 1 5 .1 0 x 1 0 "1 7 . 8 1 x 1 0 " 1

4
2.5x10 ----- ----- 5.57X10"1 4 .6 8 x 1 0 "1 3 . 8 3 x 1 0 “ 1 3 .1 3 x 1 0 "1 4 .60x10“ 1

3.0x10** 2 . 3 6 x 1 0 " 1 4 .1 9 x 1 0 "1 4 .3 9 x 1 0 '1 3 .73x10~1 2 .4 4 x 1 0 "1 2 .58x10~1 4.Q5x10~1
4

3.5x10 ---- ----- ---- 3 .41x10’ 1 1 .44x10"1 1 . 9 8 x 1 0 “ 1 2 .37x10” 1

4.0x10** 2 .5 1 x 1 0 "1 2 .4 1 x 1 0 "1 1.97x10“ 1 2 .4 4 x 1 0 "1 ---- 1 .24x10"1 1 . 1 6 x 1 0 " 1

4.5x10** ---- ---- ----- ----- 7 .73x10“2 8 .3 1 x 1 0"2
4

5.0x10 7 .12x10“ 2 1.23x10“ 1 5.95x10“2 1 .23x10“ 1 ---- 4 .77x10“ 2 5.05x10“ 2

6.0x10** 4 . 5 8 x 1 0 " 2 7 .1 4 x 1 0~2 ___ 5.73x10“ 2 ___ 2.70x10~2 2 . 7 8 x 1 0 “ 2



TABLE A12. SURVIVAL OF GKT30 CELLS TO 313 NM RADIATION AT 2 5 °  AND 37°C (SEE FIGS. 26 , 27)

E xperim ent
Number 33 34 35 36 37 38

P assage
Number 13 16 15 16 13 18
P la t in g
E f f ic ie n c y {%) . 33 19 22 10 7 11

UV__ ELUENCE
Jm S U R V I  V I  N G F R A C T I O N S U R V I V I N G  F R A C T I O N

5 .0 x 1 0 3 8 .69x10“ 1 ----- 6 .68x10“ 1 7 .04x10” 1 8 .30x10“ 1

1.0x10^ 6 .3 3 x 1 0 "1 7 .05x10“ 1 5 .99x10"1 6 .10x10“ 1 4 .17x10“ 1 5 .26x10“ 1
4

1.5x10 5.05x10“ 1 4 .32x10“ 1 ----- 2 .1 4x10” 1 2.77X 10"1

2 .0 x 1 0 4 3 . 6 8 x 1 0 - 1 3 .6 3 x 1 0 "1 2 .9 5 x 1 0 "1 ----- 1.14x10*^ 1 .91x10"1
4

2 .5x10 2 .52x10“ 1 2 .47x10“ 1 1.52x10“ 1 9 .59x10"2 9 .17x10"2 1.26x10“ 1

3 .0 x 1 0 4 1 .80x10“ 1 1 .7 0 x 1 0 "1 1.43x10“ 1 5 .55x10“2 7 .22x10"2 4.80x10~2
4

3.5x10 1 .49x10“ 1 1 .25x10"1 1.09x10“ 1 1.64x10“ 2 4 .1 4 x 10~2 3 .7 4 x 1 0 "2

4 .0x10^ 8 .5 7 x 1 0 "2 1.03x10“ 1 7 .50x10“2 3 .1 0x10”2 1 .8 1 x 10”2

4.5x10** ----- 7 .1 9 x 1 0~2 3.13x10‘ 2 ----  ----- 1.20x10“ 2
4

5.0x10 ----- 4 .52x10"2 2.46x10~2 ----- ----- 5 .8 0 x 10“3
4

5.5x10 — 2 .33x10“2 — - —  ----- . . .

6.0x10** 3 .73x10"2 1 . 5 8 x 1 0 “ 2 WWW



TABLE A13. SURVIVAL OF GMT30 CELLS TO 325 HM RADIATION AT 0 °  AND 25°C (SEE FIG. 29A)

E xperim ent
Number 39 40

P assage
Number 14 14
P la t in g  
E f f ic ie n c y  {%) 10 7

UV ELUENCE 
Jm S U R V I V I N G  F R A C T I O N

UV ELUENCE 
Jm S U R V I V I N G  F R A C T I O

5 .0 x 1 0 3 1.03x10 0
4

1.2x10 8 . 9 6 x 1 0 “ 1

1.0x10^ 9 .4 5 x 1 0 "1 2.4x10^ 7 .0 8 x 1 0 “ 1
4

1.5x10 7 . 6 0 x 1 0 ~ 1
4

3.0x10 8 .13x10-1

2 .0 x 1 0 4 6.13X 10"1 3.6x10** 6 .16x10*1
4

2 .5x10 4.67x10“ 1 4.2x10** 5 .4 9 x 10“ 1

3 .0 x 1 0 4 ----- 4.8x10** 5 .4 3 x 10“ 1
4

3.5x10 1.83x10“ 1 5.4x10** 4 .79x10“ 1

4 .8 x 1 0 4 9 .6 7 x 10-2 6.0x10** 5.12x10*1

5.4x10** 

6 .0 x 1 0 4

7 .33x10“ 2

5 .0 0 x 1 0 "2



TABLE A14. SURVIVAL OF GH730 CELLS TO 334 NM RADIATION AT 0 °  AND 25°C (SEE FIG. 29B)

E xperim ent
Number 41 42 43 44

Passage
Number 13 18 13 17
P la t in g
E f f ic ie n c y (%) 15 5 21 24

UV ELUENCE 
Jm S U R V I  V I N G  F R A C T I O N

UV ELUENCE 
Jm S U R V I V I N G F R A C T I O N

4
1.1x10 8.84x10~ 6.88x10"^ 1.0x10^ • X _»

 
o

o 8.66x10~^
4

2.1x10 7 .95x10“ 6 .90x10“ 1 2 .0x104 8 .92x10“ 1 8 .53x10“ 1
4

3 .2x10 6 .23x10“ 5.29x10“ 1 3 .0 x 1 0 4 1 .06x10“ 1 7 .1 5x10” 1

4 .3 x 1 0 4 4 .95x10“ 4 .12x10“ 1 4.0x10** ------- 8 .89x10“ 1

5 .4 x 1 0 4 2 .98x10“ 2 . 8 1 x 1 0 “ 1 4 .5 x 1 0 4 8 .92x10“ 1 -------

6 .4 x 1 0 4 1.57x10“ 1.05x10“ 1 5.0x10** 7 . 4 6 x 1 0 “ 1 6 .97x10“ 1
4

7 .5x10 1.01x10“ 6 .5 2 x 1 0 "2
4

5.5x10 7 . 6 7 x 1 0 “ 1 ------

6.0x10** 

7.0x10**

8.0x10**

6 .43x10“ 1

6.81X 10"1

4 .8 4 x 1 0 "1

6 .35x10“ 1



TABLE A15. SURVIVAL OF AR6LO CELLS TO 365 NM RADIATION AT 25°C IN PBS (SEE FIG. 31A) 

E xperim ent
Number 45 46 47 48 49 50

P assage
Number
P la t in g
E f f ic ie n c y

15

CSC) 6

15

8

17

15

13

21

15

11

13

20

UV ELUENCE 
Jm S U R V I  V I  N G F R A C T I  0 N

UV ELUENCE 
Jm S U R V I  V I N G F R A C T I  0 N

5.0x10** 4.51x10“ 1 8.17X10"1 7.84x10"1 3.0x10** 7 . 8 6 x 1 0 “ 1 8.97x10“ 1 1.14x10 0

1.0x105 3.05x10"1 7 .8 1 x 10"1 4.66x10“ 1 6.0x10** 6.67x10“ 1 7 .35x10"1 8.01x10“ 1

1.5x105 1.34x10“ 1 5.20x10“ 1 3.68x10"1 9.0x10** 6 .32x10"1 4.48x10"1 6 .17x10"1

2.0X105 6.59x10“2 2.95x10*”1 3 .3 4 x10“ 1 1.2x10S 5.08x10“ 1 --------- 6.29x10"1

2.5x10S 6 .3 4 x10~2 2.39x10"1 3 .08 x10“ 1 1.5x10S 2 .2 0 x 1 0 '1 3.52x10“ 1 4.03x10_1

3.0x10S 5 . 9 8 x 1 0 “ 2 1.35x10“ 1 2.43x10"1 1.8x10S --------- 2.71x10~1 3 . 9 8 x 1 0 “ 1

3 .5x10S 3.54 x 10"2 1.07x10“ 1 1.84x10"1 2.1x10S 1.20X10"1 2 . 14x10*1 2 .68x10"1

4.0x10S 1.34x 10“2 7.10x10’ 2 7 .4 5 x 10“2 2.4x10S --------- 1.66x10"1 2 .66x10"1

4.5x10s 9.72x10"3 --------- 7.95X10"2 2.7x10S 1.10x10"1 «— — -

5.0x10S 8.50x10"3 mmmmum 6.77x10“2 3.0x10S 7.24x10“2 1.19x10"1



TABLE A16. SURVIVAL OF AR6LO CELLS TO 365 NM RADIATION AT 25°C IN EMEM AND DMEM (SEE FIGS. 32A, B)

E xperim ent
Number 51 52 53

Passage
Number
P la t in g
E f f ic ie n c y

17

(50 13

21

4

oo 
St

UV ELUENCE 
Jm SURVIVING FRACTION

UV ELUENCE 
Jm SURVIVING FRACTION

UV ELUENCE 
Jm SURVIVING FRACTION

5 .0 x 1 0 4 6 .47x10~ 1 4.0x10^ 8 . 1 8 x 1 0 ~ 1 6 .1 x 1 0 4 6 .4 9 x 1 0 "1

1 .0 x 1 0 5 6 .15x10“ 1 8.0x10^ 6 .55x10“ 1 1 .2x10S 4 .60x10~ 1

1 .5x10S 3 . 7 8 x 1 0 ‘ 1 1.2x10S 5 .73x10“ 1 1 .8x10S 2.77X10"*1

2 .0 x 1 0 S 1 .8 9 x 1 0 "1 1 .6x10S 4 .3 6 x 1 0 "1 2 .4 x 1 0 S 1 .64x10"1

2 .5 x 1 0 S 1.66X10’ 1 2 .0 x 1 0 S 3 . 6 4 x 1 0 " 1 3 .0 x 1 0 S 8.42x10“2

3 .0 x 1 0 S 8 .79x10“2 2 .4x10S 2 . 5 8 x 1 0 “ 1

3 .5 x 1 0 S 9.13x10“ 2 2 .8x10S 2 . 1 8 x 1 0 " 1

4 .0 x 1 0 S 5 . 8 1 x 1 0 " 2 3 .2 x 1 0 S

3 .6x10S

4 .0x10S

2 .0 2 x 1 0 "1

1.20x10“ 1

1.06x10“ 1



TABLE A17. SURVIVAL OF AR6LO CELLS TO 365 NM RADIATION AT 0 °  AND 3T°C (SEE FIGS. 33A, 34A)

E xperim ent
Number 54 55 56 57 58 59 60

Passage 
Number 
P la t in g  
E f f ic ie n c y  (%)

15

5

13

18

16

10

12

13

15

9

18

16

14

17

UV ELUENCE 
Jm

S U R V I  V I N G F R A C T I O N

5.0x10** 6.75X 10"1 8.35X 10"1 8 . 9 6 x 1 0 " 1 9 . 1 8 x 1 0 “ 1 1.29x10 0 8 .41x10“ 1 9.04x10“

1 .0 x 1 0 S 8 .2 5 x 1 0 "1 5.13x10“ 1 6 . 5 8 x 1 0 “ 1 4 .91x10“ 1 1.03x10 0 7 .1 5 x 1 0 “ 1 8 .62x10”

1 .5x105 5 . 6 5 x 1 0 " 1 2 .9 2 x 1 0 "1 6 .04x10“ 1 1 . 9 6 x 1 0 “ 1 8 .70x10“ 1 5.77x10“ 7 .2 5 x 1 0 “

2.0X 105 4.13x10~ 1 2 .17x10’ 1 3 .44x10“ 1 1 . 3 6 x 1 0 “ 1 4 .0 5 x 1 0 "1 6 .22x10“ 1 7 .78x10“

2 .5 x 1 0 S 3.54x10“ 1 1.64x10“ 1 1.79x10~1 1.27x10” 1 1.24x10“ 1 6 .13x10“ 1 6 .23x10“

3 .0 x 1 0 S 1 . 5 6 x 1 0 “ 1 1.20x10“ 1 1.06x10“ 1 9 .09x10"2 8.86x10“ 2 7 .1 2 x 1 0 “ 1 4.14x10“

3 .5 x 1 0 S ----- 3.93x10“ 2 6.31x10“ 2 6 .2 7 x 1 0 "2 4 .12x10“2 6 .42x10’ 1 5.73x10“

4 .0 x 1 0 S ----- 1.59x10"2 3 .35x10"2 4 .09x10"2 2 .06x10”2 3 .93x10“ 1 5 .23x10“

4 .5 x 1 0 5 ----- 1.42x10“ 2 1.21x10-2 4.07x10“2 9 . 1 6 x 1 0 " 3 3 .14x10“ 1 4 .94x10“

5 .0 x 1 0 S ___ 6 .0 0 x 1 0 "3 3.44x10~3 4 .55x10“



TABLE 18 . SURVIVAL OF AR6LO CELLS TO 254 NM RADIATION AT 0 ° ,  2 5 °  AND 37°C  
(SEE FIGS. 3 5 A, 36A, 37A)

E xperim ent
Number 61 62 63 64 65 66

Passage
Number
P la t in g
E f f ic ie n c y

14

(?) 7

15

14

17

6

14

15

16

9

15

12

UV ELUENCE 
Jm

S U R V I  V I  N G F R A C T I  0 N

5.0x10° 9.95x10~1 9.70x10“ 1 ----- 9.52x10"1 ----- 9.80x 10“ 1

1.0x101 6 .94 x 10~1 9.59x10“ 1 1.02x10 ° 9.55x10“ 1 7.03x10“ 1 6 .26x10"1

1.5x101 7 .3 9 x 10"*1 8.10x10~1 ----- 7 .59x10"1 ----- 4.65x10"1

2.0x101 4.74x10"1 7.73x10“ 1 8.22x10"1 6.99x10"1 7 .1 4 x 10"1 2.69x10” 1

2.5x101 5.43 x10"1 5.93x10” 1 6.44x10“ 1 6.08x10“ 1 ----- 2.43x10"1

3 .0x101 3 .7 4 x 10"1 4.37x10"1 4.08x10“ 1 3 .82x10"1 3.99x10’ 1 2.49x10-1

3.5X101 3 . 3 8 x 1 0 ~ 1 1.99x10"1 3 . 3 8 x 1 0 “ 1 3 .09x10"1 ----- 1 . 3 6 x 1 0 “ 1

4 .0x101 3.17x10"1 1.70x10"1 2.69x10"1 2.18x10“ 1 1.63x10“ 1 -----

4.5x101 — ----- 2.00x10“ 1 1.67x10“ 1 . . . 8.79x10"2

5.0x101 1.79x10"1 7.37x10“2 1.10x10"1 6.70x10"2 8.33x10“2 3.70x10“2

6.0x101 4 .98 x 10"2 4.48x10“2 5.75x10"2 ___ 4.06x10“2 1.27x10"2



TABLE A19. SORVIVAL OF AR6LO CELLS TO 313 NM BAD1ATION AT 0 °  AND 25°C (SEE FIGS. 38AV 39A)

E xperim ent
Number 67 68 69 70 71

Passage
Number 17 15 15 17 15
P la t in g
E f f ic ie n c y (*) 13 11 20 12 11

UV ELUENCE 
Jm S U H V I T I  N G F R A C T I O N S U R V I V I N G F R A C T I O N

5.0 x 1 0 3 1.00x10 0 1.18x10 0 8 .32x10“ 1 8 .59x10“ 1 7 .9 1 x 1 0 "1

1 .0x104 8.66x10~ 1 9 .9 1 x 1 0 "1 6.44x10” 1 6.54x10*^ 4 .72x10“ 1
4 4 •1 4 <i <i

1.5x10 7.22x10 1 9.09x10 5.50x10 3.75x10  1 3.10x10

2 .0 x 1 0 4 6 .3 7 x 1 0 "1 4 .42x10“ 1 5.33x10“ 1 2 .74x10~ 1 2.94x10“ 1
4

2.5x10 5 .2 7 x 1 0 "1 4 .7 5 x 1 0 "1 4.54x10“ 1 2 .05x10“ 1 1.93x10“ 1

3 .0 x 1 0 4 3.67x10“ 1 3.62x10“ 1 2.67x10“ 1 2.46x10~1 1 .42x10"1
4

3-5x10 1 .93x10"1 2.71x10“ 1 2.04x10“ 1 1 .2 9 x 1 0 "1 1.28x10-1

4 .0 x 1 0 4 1.74x 10“ 1 1 .46x10~1 1.64x10~1 7 . 9 8 x 1 0 “ 2 7 .60x10”2

4 .5 x 1 0 4 1.28x10~1 1.08x10“ 1 1 .31x10"1 ------- 4.17x10“ 2

4
5-0x10 7 . 6 7 x 1 0 “ 2 7 .38x10“ 2 9.11x10“2 6 .2 3 x 1 0~2 6 .46x10~2

4
5-5x10 ------- ------- 6.47x10~2 ------- 2 .4 1 x 1 0 "2

6 .0 x 1 0 4 1.51x10"2 6 .90x10“3 3.17x10*2



TABLE A20. SURVIVAL OF AR6LO CELLS TO GAMMA RADIATION (SEE FIG. 40 A)

E xperim ent
Number 72 73 74 75

Passage 
Number 
P la t in g  
E f f ic ie n c y  (%)

14

9

14

13

17

15

16

15

GAMMA FLUENCE GAMMA FLUENCE
RADS S 0 R V I  V I  N G F R A C T I  0 N RADS S U R V I V I N G  F

5 . 0 x 1 0 1 ----- 7 . 0 2 x 1 0 “ 1 ----- 1 . 3 x 1 0 2 4 . 0 6 x 1 0 “ 1

1 . 0 x 1 0 2 3 . 5 1 x 1 0 “ 1 5 . 6 9 x 1 0  0 5 . 8 5 x 1 0‘ 1 2 . 6 x 1 0 2 1 . 2 5 x 1 0 " 1

1 . 5 X 1 0 2 ------------- 2 . 7 1 x 1 0 ~ 1 ------------- 3 . 9 x 1 0 2 5 . 1 4 x 1 0 " 2

2 . 0 x 1 0 2 1 . 4 8 x 1 0 " 1 2 . 4 8 x 1 0 “ 1 2 . 2 4 x 1 0 “ 1 5 . 2 x 1 0 2 1 . 8 1 x 10“ 2

2 . 5 x 1 0 2 ------------- 9 . 8 2 x 1 0 ~ 2 ------------- 6 . 5 x 1 0 2 4 . 4 1 X 1 0 ” 3

3 . 0 x 1 0 2 1 . 0 8 x 1 0 " 1 5 . 3 7 x 1 0 “ 2 8 . 3 7 x 1  O’*2 7 . 8 x 1 0 2 1 . 6 4 x 1 0 ” 3

3 . 5 x 1 0 2 ------------- 2 . 6 6 x 1 0 “ 2 —

2 - 2 - 2 - 2
4 . 0 x 1 0 3 . 3 1 x 1 0 2 . 3 2 x 1 0 3 . 9 5 x 1 0

5 . 0 x 1 0 2 1 . 7 0 x 1 0 ’ 2 1 . 0 9 X 1 0 " 2 2 . 0 4 x 1 0 " 2

6 . 0 x 1 0 2 ----- 1 . 4 9 x 1 0 " 2 7 . 9 1 x 1 0 " 3

7 . 0 x 1 0 2 ----- ----- 2 . 5 1 x 1 0 " 3

8 . 0 x 1 0 2 m m m m m m 1 . 3 2 x 1 0 - 3



TABLE A21 • SURVIVAL OF GH730 CELLS TO GA

E xperim ent
Number 7 6

P assage
Number 12
P la t in g
E f f ic ie n c y ( %) 24

GAMMA FLUENCE
RADS S U R V I V I N G

1 . 3 0 X 1 0 2 -----

2 . 6 0 x 1 0 2 2 . 3 4 x 1 0 " 1

3 . 2 5 x 1 0 2 1 . 2 5 x 1 0 “ 1

3 . 9 0 x 1 0 2 7 . 2 9 x 1 0 " 2

4 . 5 5 X 1 0 2 6 . 2 5 x 1 0 " 2

5 . 2 0 X 1 0 2 2 . 9 2 x 1 0 " 2

5 . 8 5 x 1 0 2 1 . 2 5 X 1 0 " 2

6 . 5 0 x 1 0 2 9 . 3 8 x 1 0 " 3

7 . 8 0 x 1 0 2 2 . 0 8 x 1 0 “ 3

40B)

77

18

13

GAMMA FLUENCE
RADS S U R V I V I N G  F R A C T I O N

1 . 0 x 1 0 2 5 . 6 4 x 1 0 " 1

1 . 5 x 1 0 2  4 . 6 6 x 1 0 " 1

2 . 0 x 1 0 2  3 . 2 3 x 1 0 “ 1

2 . 5 x 1 0 2  2 . 4 7 x 1 0 " 1

3 . 0 x 1 0 2  2 . 2 7 x 1 0 " 1

3 . 5 x 1 0 2  1 . 7 0 x 1 0 " 1

4 . 0 x 1 0 2  4 . 3 2 x 1 0 " 2

4 . 5 x 1 0 2  4 . 4 5 x 1 0 " 2

5 . 0 x 1 0 2  2 . 1 8 x 1 0 " 2

5 . 5 x 1 0 2  8 . 5 9 x 1 0 " 3

6 . 0 x 1 0 2 4 . 6 2 x 1 0 " 3

7 . 0 x 1 0 2  1 . 9 4 x 1 0 “ 3



TABLE A22.

E xperim ent
Number

SURVIVAL OF AR6LO AND GM730 CELLS TO HIDROGEN PEROXIDE TREATMENT (SEE FIGS. 41 A, B)

78 79 80 81

Passage 15 16 14 14
Number
P la t in g
E f f ic ie n c y ($) 4 4 8 8

HO CONCENTRATION 
M S U R V I V I N G  F R A C T I  0 N S U R V I V I N G  F R A C T I O N

5 9.21x10“ 1 1.05x10 0 1.00x10 0 9 . 7 6 x 1 0 " 1

10 7 . 9 8 x 1 0 * 1 9.51x10-1 9 . 6 7 x 1 0 " 1 8 .7 1 x 1 0 "1

15 5 .0 0 x 1 0 "1 4 .57x10~1 8 .4 8 x 1 0 "1 7 .26x10“ 1

20 ------------- 9 . 8 4 x 10 “ 2 6 .2 3 x 1 0 "1 2 .4 2 x 1 0 "1

25 8.68x10~2 2 .46x10"2 4 .2 2 x 1 0 "1 1 .05x10"1

30 8.72x10~3 8 .19x10”3 2.91x10“ 1 4 .08x10“2

35 ------------- 1.60x10“3 6 .95x10“ 2 1.95x10"2

40 M M 3.90x10“ 2 7 .0 4 x 1 0 "2



TABLE A23- SURVIVAL OF AR6LO AND GKT30 CELLS TO 365 NM RADIATION AT 25°C IN THE PRESENCE OF
60 l*g/inl TROLOX-C IN THE POST-IRRADIATION MEDIUM (SEE FIGS. 43A, B)

E xperim ent
Number 82 83 84 85 86

P assage
Number 13 15 13 11 12
P la t in g
E f f ic ie n c y (*) 25 18 33 48 40

UV_£LUENCE
Jm" S U R V I  V I  N G F R A C T I O N

UV ELUENCE 
Jm S U R V I  V I  N G F R A C T I O N

4
3 .0 x 1 0 8 .3 9 x 1 0 ‘ 1 9 .2 7 x 1 0 " 1 9 .91x10“ 1

4
3.3x10 9 . 1 1x10"1 8 . 6 1x10"1

6 . 0 x 1 0 4 8 . 9 6 x 10"1 9.02X10"1 8.99x10“ 1 6 . 7 x 1 0 4 8 .1 9 x 1 0 " 1 8 .1 9 x 1 0 " 1

9 . 0 x 1 0 4 7 .7 0 x 1 0 " 1 7 .84x10"1 8 .0 9 x 1 0 " 1 1 .0 x 1 0 S 7 . 1 1 x 1 0 “ 1 8 .3 2 x 1 0 " 1

1 .2 x 1 0 5 7 . 6 0 x 10"1 6 . 3 6 x 10"1 6 .6 5 x 1 0 ” 1 1 .3 x 1 0 S 5.39x10"1 8.25x10"1

1 .5 x 1 0 S 4.49x10"1 6 . 5 8 x 10“ 1 5 .2 9x10"1 1 .7 x 1 0 S 5.06x10"1 8.52x10"1

1 . 8 x 1 0 S 4 .02x10" 1 4 .7 6 x 10"1 5.42x10“1 2 . 0 x 1 0 S 5.75x10"1 7 .7 6 x 10"1

2 . 1 x 1 0 S 2.43x10“ 1 4.03x10“ 1 4.25x10"1 2 . 3 x 1 0 S 4.42x10“ 1 7 .2 6 x 1 0 " 1

2 .4 x 1 0 S 2 .8 9 x 1 0 “ 1 3 .9 8 x 10"1 4.23x10"1 2 .7 x 1 0 S 5 .1 2 x 1 0 " 1 6 . 5 8 x 10“ 1

2 . 7 x 1 0 S 2 .2 9 x 1 0 " 1 5 .4 9 x 10"1 3 .9 4 x 10“ 1 3 . 0 x 1 0 S 3.77x10"1 5.48x10"1

3 . 0 x 1 0 S 2 .0 9 x 1 0 " 1 3 .7 4 x 10’ 1 3 .3 x 1 0 S 3 . 3 8 x 10"1 4.60x10"1



TABLE A24. SURVIVAL OF AR6LO CELLS, GROWN IN THE PRESENCE OF 100 V ^/m l TROLOX-C OR 100 ^ g /m l
ALPHA-TOCOPHEROL ACETATE, TO 365 NM RADIATION AT 25 C (SEE FIGS. 44A, B)

E xperim ent
Number 87 88 89

P assage
Number
P la t in g
E f f ic ie n c y

14

( «  19

19

12

15

10

UV FLUENCE 
Jm SURVIVING FRACTION

UV ELUENCE 
Jm SURVIVING FRACTION

UV_gLUENCE
Jm” SURVIVING FRACTION

4.7x10** 8.04x10~1 4.2x10** 8.61X10"1
4

5.3x10 8 .2 3 x 1 0 "1

9.4x10** 8 . 1 6 x 1 0 “ 1 8.3x10** 9 .2 8 x 1 0 "1 9.4x10** 1.00x10 0

1.4x105 7 .9 6 x10“ 1 1.2x10S 1.01x10 0 1.4x10S 7 . 6 8 x 1 0 ~ 1

1 .9 x 1 0 5 7 .29x10"1 1 .7x10S 8 . 7 8 x 1 0 ~ 1 1 .9x10S 7 .1 0 x 1 0 "1

2 .3 x 1 0 5 5 .45 x 10"1 2 .1x10S 7 . 8 9 x 1 0 “ 1 2.4x10S 3 . 8 9 x 1 0 " 1

2 .8 x 1 0 5 6 .0 6 x 1 0 "1 2 .5x10S 7 .2 2 x 1 0 "1 2 .8 x 1 0 S 6 .11x10“ 1

3 .3x105 4.72x10“ 1 2 .9x10S 5.85 x10“ 1 3.3x10S 4.43x10“ 1

3 . 8 x 1 0 5 5 .44 x 10"1 3 .3x10S 5.81 x10"1 3 .8 x 1 0 S 2 .6 3 x 1 0 "1

4 .2x105 5 .18 x 10“ 1 3 .8 x 1 0 S 4.87x10“ 1 4.2x10S 2.15x10"1

4 .7x105 4.00x10~1 4.7x10S 2 .32x10“ 1



TABLE A25. SURVIVAL OF AR6LO AND GM730 CELLS TO 254 NM RADIATION AT 25°C IN THE PRESENCE OF € o
|xg/m l TRGLOX-C IN THE POST-IRRADIATION MEDIUM (SEE FIGS. 45A, B ).

E xperim ent
Number 90 91 92 93

P assage
Number 14 16 12 15
P la t in g  
E f f ic ie n c y  ($) 21 14 37 27

UV FLUENCE 
Jm S U R V I V I N G F R A C T I O N S U R V I V I N G F R A C T I O N

5.0 x 1 0 ° 9.29x10“ 1 ----- 9 .46x10“ 1

1 .0 x 1 0 1 8 .32x10“ 1 9 . 3 8 x 1 0“ 1 8 .8 9 x 1 0 "1 1.03x10 °

1 .5 x 1 0 1 8.81x10"^ ----- 8 .3 7 x 1 0 "1 . . .

2 .0 x 1 0 1 8 .1 1x10"1 7 . 6 7 x 10“ 1 6 . 9 8 x 10“ 1 6 .22x10“ 1

2 .5 x 1 0 1 5 . 6 5 x 1 0 " 1 ----- ----- -----

3 .0 x 1 0 1 6 .08x10“ 1 4 .0 7 x 1 0 "1 6 .3 3 x 1 0 "1 3 . 9 6 x 10-1

3 .5 x 1 0 1 3 .29x10“ 1 ---- 3 .2 6 x 1 0 "1 3 . 6 1 x 10"1

4 .0 x 1 0 1 2 .7 2 x 1 0 "1 2.67x10’ 1 3 .0 8 x 1 0 "1 2 .01x10“ 1

4 .5 x 1 0 1 2 .35x10“ 1 — 2 . 1 6 x 10“ 1 ----

5 .0 x 1 0 1 1.39x10“ 1 1.52x10“ 1 ---- 7 .2 7 x 1 0 "3

6 .0 x 1 0 1 . . . 6 . 7 6 x 10“2 4.01x10~3



TABLE A26. SURVIVAL OF AR6LO CELLS TO 365 NM RADIATION AT 25°C IN THE PRESENCE OF 70* D O
(SEE FIGS. 46A, 49)

E xperim ent
Number 94 95 96 97 98

P assage
Number 19 15 20 15 19
P la t in g  
E f f ic ie n c y  (*) 4 11 5 16 5

UV FLUENCE 
Jm S U R V I  V I  N G F R A C T I O N S U R V I V I N G F R A C T I O N

4
3.0x10 5 .89 x10-1 5 .2 8 x 1 0 "1 6.91x10~1 7 .6 4 x 10~1 6 .05x10“ 1

6 .0 x 1 0 4 2 .0 8 x 10"1 3 . 6 0 x 10“ 1 4.61X10-1 6 .26x10“ 1 4 .57x10~ 1

9.0x10** 1.04x10“ 1 2 .12x10~1 3 .50x10’ 1 2 .85x10“ 1 2.22x10~ 1

1 .2x105 8 .13x10“2 1.08x10“ 1 3 .1 3 x 1 0 "1 1 .6 1 x 10“ 1 1 .48x10“ 1

1 .5x105 2 .68x10“ 2 4 .70x10"2 1 .3 8 x 10"1 8 .7 0 x 1 0 "2 4 .8 2 x 1 0 "2

1 .8x105 2.05X 10"2 2 .88x10“2 1.15x10“ 1 ------- 2 .22x10“ 2

2 .1 x 1 0 5 4.88x10~3 1.04x10~2 8.06x10~2 ------- 1.48x10~2

2 .4 x 1 0 5 4.08x10~3 — - 3 .48x10"2 ------- 7 .4 1 x 1 0 "3

2 .7 x 1 0 5 3 .66x10"3 ___ 2 . 1 6 x 10”2 ___ 4 .6 3 x 1 0 "3



TABLE A27. SURVIVAL OF GHT30 CELLS TO 365 NM RADIATION AT 25°C IN THE PRESENCE OF 70* D O
(SEE FIG. 47A)

E xperim ent
Number 99 100 101 102

P assage
Number 12 19 17 17
P la t in g
E f f ic ie n c y (* ) 11 10 7 6

UV_£LUENCE
Jm” S 0 R V I  V I  N G F R A C T I O N

UV FLUENCE 
Jm S U R V I V I N G  F R A C T I O N

5 .0 x 1 0 4 7 . 8 0 x 1 0 “ 1 ------- ------- 6.0x10** 5 . 8 6 x 1 0 " 1

1 .0x105 7 .3 2 x 1 0 "1 5 .0 5 x 1 0 "1 1.13x10 0 1 .2x10S 5 . 9 6 x 1 0 “ 1

1 .5x105 4 .57x10“ 1 — 1.8x10S 5 .1 3 x 1 0 "1

2.0X 105 ------- 4 .5 5 x 1 0 "1 5.38x10“ 1 2 .4x10S 4 .3 5 x 1 0 "1

2 .5 x 1 0 S 3 .39x10-1 ------- ------ 3 .0 x 1 0 S 2 .4 4 x 1 0 "1
5

1.19x10~1

4 .75x10’ 2

-1
3.0x10

3 .5 x 1 0 S

4 .0 x 1 0 S

3.20x10“ 1

2.35x10“ 1

1 .28x10"1

5.13x10

1 .28x10"1



TABLE A28. SURVIVAL OF AR6LO AND GHT30 CELLS TO 365 NM RADIATION AT 0°C IN THE PRESENCE OF
70% D20 (SEE FIGS. 48A, B)

E xperim ent
Number 1 0 3 104 1 0 5 106

P assage
Number 14 17 17 18
P la t in g  
E f f ic ie n c y  (? ) 6 6 9 13

UV FLUENCE 
Jm S U R V I V I N G F R A C T I O N S U R V I V I N G F R A C T I O N

5 . 0 x 1 0 4 6 . 7 3 x 1 0 “ 1 7 . 2 0 x 1 0 “ 1 9 . 4 2 x 1 0 ~ 1 8 . 6 7 x 1 0 " 1

1 . 0 X 1 0 5 5 . 7 9 x 1 0 “ 1 5.40x10“ 1 8 . 6 1 x 10"1 6 . 1 7 x 1 0 " 1

1 . 5 x 1 0 S 5 . 1 0 x 1 0 " 1 4 . 5 0 x 1 0 “ 1 4 . 7 1 x 1 0 “ 1 3 . 3 5 x 1 0 “ 1

2 . 0 x 1 0 S 2 . 9 9 x 1 0 " 1 3 . 9 0 x 1 0 “ 1 2 . 8 8 x 1 0 “ 1 2 . 3 1 x 1 0 “ 1

2 . 5 x 1 0 S 2 .5 4 x10“ 1 2 . 1 0x10*"1 2 . 2 1 x 1 0 ” 1 1 . 4 8 x 1 0 “ 1

3 . 0 x 1 0 S 1 . 8 5 X 1 0 " 1 8 . 8 0 x 1 0 “ 2 1 . 8 1 X 1 0 " 1 1 . 4 9 x 1 0 * " 1

3 . 5 x 1 0 S 8 . 7 0 x 1 0 " 2 7 . 6 0 x 10“2 1 . 2 3 x 1 0 “ 1 6 . 4 0 x 1 0 ” 2

4 . 0 x 1 0 S M W 4 . 4 0 x 1 0 “ 2 5 . 5 5 x 1 0 “ 2



TABLE A29- SURVIVAL OF AR6LO AND GKT30 CELLS TO 254 NM RADIATION AT 25°C IN THE PRESENCE OF
70% D20 (SEE FIGS. 50A, B)

E xperim ent
Number 107 108 109 110

P assage
Number 14 16 19 16
P la t in g  
E f f ic ie n c y  (%) 21 14 6 4

UV FLUENCE 
Jm S U R V I V I N G F R A C T I O N S U R V I V I N G F R A C T I O N

1 .0 x 1 0 1 8.75x10~1 8 . 3 8 x 1 0 “ 1 6 ,1 8 x 10“ 1 9.46x10“ 1

2 .0 x 1 0 1 7.34x10"1 7 .48 x 10"1 4.12x10~1 5.90x10*'1

3 .0 x 1 0 1 6.44x10“ 1 3 .94 x10“ 1 2 .2 7 x 1 0 "1 4.29x10"1

4 .0x101 2.81x10~1 2.48x10~1 1 .60x10~1 2.04x10~1

5 .0 x 1 0 1 1 .31x10"1 1.02x10"1 7 .8 9 x 10"2 1.29X10” 1

6 .0 x 1 0 1 9 .52x10"2 6 .62x10"2 4.55x10"2 5 .36 x10“2

7 .0 x 1 0 1 2 .85x10“2 1.74x 10"2



TABLE A30. SURVIVAL OF AR6LO CELLS TO BROAD-BAHD NEAR-UV RADIATION AT AMBIENT TEMPERATURE (SEE FIO. 52)  

E xperim ent
Number 111 112 113

Passage
Number 14 15 17
P la t in g
E f f ic ie n c y  (50 14 16 12

IRRADIATION TIME
(mln) S U R V I V I N G  F R A C T I O N MEAN

10 ----- ----- 6.85x10"^ 6 .85x10"

15 6 .9 2 x 1 0 "1 7 .1 0 x 1 0 "1 8 .5 9 x 1 0 “ 1 7 .54x10"

20 ----- ----- 7 .7 2 x 1 0 "1 7 .72x10"

25 ----- ----- 5 . 1 6 x 1 0 " 1 5.16x10"

30 5.33x10“ 1 4 .10x10“ 1 4 .6 7 x 1 0 "1 4.70x10"

35 ----- 5 .0 5 x 1 0 "1 5.05x10“

40 ----- ----- 2 .1 7 x 1 0 "1 2.17x10"

45 3 .6 9 x 10“ 1 4 .7 0 x 10"2 1 .39x10“ 1 1.84x10"

50 —  ----- 1 .0 0 x 1 0 "1 1.00x10“

60 4 .70x10"3 8 .9 0 x 1 0 "3 3 .70x10”2 1.69x10"'

70 1 .30x10“3 2 .50x10“3 1 .90x10"



TABLE A31. SURVIVAL OF GHT30 CELLS TO BROAD-BAND NEAR-UV RADIATION AT AMBIENT TEMPERATURE (SEE F I6 . 52)

E xperim ent
Number 114 115 116

P assage
Number 16 16 18
P la t in g
E f f ic ie n c y  (%) 12 7 14

IRRADIATION TIME
(m in) S U R V I V I N G  F R A C T I O N  MEAN

10 ----- — 8 .81x10 8 .81x10

15 8 .43x10“ 1 9 .1 0 x 1 0 "1 9 .7 0 x 1 0 "1 9 .08x10“

20 ----- ----- 8 . 3 6 x 1 0 " 1 8 .3 6 x 1 0 "

25 — ----- 6 .6 2 x 1 0 "1 6 .62x10"

30 6 .65x10“ 1 8 .0 0 x 1 0 "1 6 .0 2 x 1 0 "1 6 .89x10"

35 ----- ----- 6.00x10*1 6 .00x10"

45 2 .5 0 x 1 0 "1 9.70x10“2 6 .3 7 x 1 0 "1 3 .28x10"

50 ----- ----- 1 .54x10"1 1.54x10"

60 ----- ----- 1 .49x10"1 1.49x10“

70 3 . 6 9 x 1 0 “ 2 4.45x10“2 —... 4.07x10"



APPENDIX 9 :

D ate o f B i r t h :  

Sex:

H is to ry :

Monochromator

t e s t s

O ther t e s t s :

On e x am in a tio n

CLINICAL HISTORY OF PATIENT FROM WHICH AR6LO CELLS 

ORIGINATED

Fran th e  I n s t i t u t e  o f D erm atology, S t.  Jo h n f s  H o sp ita l  

H overton G rove, London 

4 .1 0 .1 9 3 2  

Male

S ta r t e d  1978, back o f  hands; 1979 n o tic e d  

r e l a t i o n s h i p  o f  ra sh  to  s o la r  exposure  

A p ril 1980, monochromator l i g h t  t e s t s  showed 

abnorm al p h o to s e n s i t iv i ty  ou t to  400 nm. T h resho ld

d o ses  fo r  abnorm al m orpho log ical re sp o n se s  a t  300 and

-2  -2  307.5  nm w ere  10 mJcm , a t  320 m  0.5Jcm
_p

and a t  340 on 10 Jem ; abnorm al m orpho log ica l 

re sp o n s e s  a l s o  o b ta in e d  w ith  360 and 400 nm but 

th r e s h o ld  d o ses  n o t d e term ined .

A p r il ,  1980, p h o to -p a tc h  t e s t s  done to :

hexach l orophene -v e

t r  i  b r can s a l  i  c y l a n i l  id e  -v e

b i th io n o l  -v e

t r i c h lo r c a r b a n i l i d e  -v e

ch i or prom azine +ve

There w ere  weak q u e s t io n a b le  p a tch  t e s t  r e a c t io n s

to  a  number of su b s ta n c e s , £ .£ .  oak moss,

"perfum e-m ix", po tassium  d ich ro m ate , balsam  o f p e ru . 

Normal ( 1 l6 $ ) v jb s  p o s t - r e p l i c a t i o n  r e p a i r .

: A p r i l ,  1980, erythem a to -p a p u la r  e ru p t io n

on back o f  hands, fa c e , s c a lp  and neck
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