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1. In trod u ction
P rom is ing  data have been ob ta ined  on the effects o f  n o n -s tan d a rd  fractionation 

schenies for the trea tm cn t  o f  some types o f  tum ours; the results show tha t some 
tissues and tu m o u rs  are m ore  radiosensitive w hen  unconven tiona l  courses of 
fractionation are used (Sakam oto  and  Phillips 1979). T h is  fact would  indícate that 
some effects can be exerted  by  increasing or decreas ing the  tim e between  fractions. 
T h e  in vivo  investigation of the in tím ate  processes tha t  occur in cells after split 
ir rad ia tions seems to be relevant.

E p ide rm a l  cells react after irradia tion , dem o n s tra t in g  a definite and m easurab le  
vo lum e increase. T h is  pa ram ete r ,  w hich  has been character ized as d o se -dependen t  
and p o s t- i r rad ia t ion - t im e  d ep e n d en t  (Lanfranch i et al. 1979, K lein Szanto  et al. 
1977) is related to the  hyperactive  State reached by ep iderm al cells d u r in g  the  acute 
phase  of  rad ia tion  in jurv  (de Rey et al. 1979). Basal cell vo lum e is a relatively easy 
en d -p o in t  to m easure  and a reliable tool to express the in vivo  effects us ing  tissue 
sections. I t  also p rovides  good evidence o f  the cellular behav iour  after fractionated 
irradiations.

In  the p resen t  publicat ion  we have reported  the results  ob ta ined  m easu r ing  
vo lum e varia tions in basal cells in vivo  after ir radia tion  with single or two-dose 
irradia tions, varying the  tim e interval betw een  the two fractions.

2. M ater ia ls  and  m eth o d s
T h e  distal halves of  the tails o f  5 -day-old  W is ta r  rats were irradia ted  in separate 

triáis w ith  10, 20, 40, 80 and 160 G v X -ravs  with  a Philips  250 R ad io the rapy  m achine 
at 250 kV and  1 3 m A  w ith  a 0-25 m m  C u  +  l m m  Al filter, at a dose rate of 
5 G ray /m in .  T h e  proxim al por t ion  o f  the tail o f  the anim als was used as contro l and it 
rem ained  shielded toge ther  with the animal body. T h e  distal ha lf  of  the  tails were 
subm it ted  to single doses or fractionated  doses (split in two equal fractions). T h e  
tim e intervals  between fractions were 10, 30, 60 and 1 2 0 m in  and  24 hours .  Five 
animals were sacrificed for each condition  4 days after the  onse t o f  the  irradia tions 
which, accord ing  to p rev ious experim ents ,  is the  tim e po in t  in which m á x im u m  
effects wrere no ted  (Lanfranch i et al. 1979, K lein  Szanto  et al. 1977, de Rev et al. 
1979).

Skin samples ob ta ined  from tails were processed  for e lectrón m icroscopy: small 
pieces o f  w hole skin were cu t p e rp en d icu la r  to the axis o f  the tail and fixed with 2 per  
c e n to s m iu m  te troxide.  T h e y  were later dehyd ra ted  and f la t-em bedded  in Maraglas . 
T h in  sections were obta ined .
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A bso lu te  valúes for cell vo lum es ( V )  and  the  num erica l  dens ity  o f  basal 
keratinocytes (ATV) vvere d e te rm in ed  by stereologic calculations. T h e se  p rocedures  
have been extensively described in previous publicat ions (K lein  Szanto  et a l . 1977). 
Briefíy, the (jVv) num erical dens ity  was de te rm ined  by  the equation

n v= n \ / ( v \ p )

w here /? is a coefficient related to the  cell shape (in this case 1-6). N.d is the  n u m b e r  of  
cells p e r  un i t  area and F v is the vo lum e density  o f  the  s t ru c tu re  u n d e r  s tudy . T h e  
absolute  vo lum e o f  the  epithelial cells was calculated using  the  following

109 ,
V  c e l l = -------------fim

layer

F o u r  h u n d re d  basal cells w ere  m easu red  for each irradia tion  condition  (single-dose 
or tw o-dose) .  T w o  h u n d re d  basal cells were scored for non - ir rad ia ted  cases. T h e y
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F ig u re  1. Basal cell v o lum es  reached  af te r  single- o r  tw o -d o se  i r rad ia t ions  are c o m p ared .  
A: 10 G y  (single dose),  5 G y  +  5 G y  ( tw o doses separa ted  bv  increas ing  t im e  intervals); 
B: 20 G y  (single dose) l O + l O G v  (two doses separa ted  by increas ing  t im e  intervals);  
C: 40 G y  (single dose), 2 0 G y  +  2 0 G v  (two doses separa ted  by increas ing  time 
intervals);  D: 80 G y  (single dose), 4 0 G y  +  4 0 G y  (two doses sepa ra ted  by  increas ing  
t im e  intervals);  E: 160 G y  (single dose), 80 G y  p lu s  80 G y  ( tw o doses sepa ra ted  by 
increas ing  t im e  intervals).



correspond  approx im ate lv  to 1-5 m m  and 0-7 m m  of  ep i the l ium  o f  irrad ia ted  and 
non-ir rad ia ted  animals, respectively.

S tereological and statistical ca lculations were per fo rm ed  with the aid o t  a H ew le tt  
Packard  C alcu la tor  9810.

3. R esu lts
Significant vo lum e increases of  basal cells m easured  in i'ivo  4 days after 

irradia tion  with 10, 20, 40, 80 and  160 G y  are represen ted  in figure 1. Cell volume 
valúes a t tained after single exposures  are com pared  with results  ob ta ined  after tvvo- 
fraction exposures.

A definite increase in absolute  cell vo lum e was observed in all experim ental 
conditions.  W h e n  the irrad ia tions w ere delivered in two equal fractions, the volumes 
reached by  basal cells after 20, 40, 80 and 160 G y  were 26, 43, 45 and 32 per  cent 
respectively, lower than  the vo lum es reached after single exposures .  F u r th e rm o re ,  
irrespective o f  the  t im e elapsed between  fractions (10 m in  up  to 24 hours)  for a given 
total dose, the  valúes obta ined  af ter  spli t i r rad ia tions were similar.

Excep t for the  data co rrespond ing  to 40 Gy, similar vo lum es were  a t tained by 
cells o f  the  basal layer w hen  the tissue was irradia ted  w'ith single doses or w hen  the 
dose delivered was twice the  single dose b u t  d iv ided in two equal fractions (figure 2).

F ig u re  2. Basal cell v o lum es  ob ta in ed  af te r  i r rad ia t in g  the  e p id e rm is  w i th  single doses are 
co m p a red  w ith  basal cell v o lu m es  reached  after  i r rad ia t ing  w ith  twice the  single dose 
b u t  d iv ided  in to  tw o  equal  fractions.  (Average valúes f rom  all the t im e in tervals  
analysed have been  p lo tted .)

4. D iscu ss io n
T h e  acute response of  ep idem ia l  cells to single or f ractionated  ir rad ia tions has 

been analysed in v iro  by m eans  of  m o rp h o m e tr ic  techn iques .  A cióse rela tionship  
between  vo lum e increase and  dose has been described  for single doses (Lanfranch i 
et al. 1979, K lein  Szanto  et al. 1977).

A correla tion  between  cell vo lum e increase and several co m plem en ta ry  data  have 
been analysed in o rder  to u n d e rs ta n d  b e t te r  the  cell reactions to irradia tion  (de Rey 
et al. 1979). T h e se  studies have revealed cellular m etabo l ic  al terations which in m ost  
cases resulted  in au gm en ted  m etabolic  activity.

^  As was expected , fractionating  the  dose in two equal fractions induced  lower 
vo lum e valúes than  non-frac tiona ted  equivalen t single doses. Several au th o rs  have 
d em ons tra ted  s im ilar results  analvsing o the r  effects in cells in vitro  (D enekam p  et al.



1966) and  in v iro  (W ithers  and E lkind 1969). Hovvever, a str ik ing resu lt  was th a t  the 
cell response was no t affected by sho r ten ing  the  lapse between  fractions. Lapses as 
shor t  as lO m in  were enough  to allow recoverv  o f  the tissues, b u t  no differences in 
vo lum e valúes were detec ted  as function o f  the t im e betw een  fractions up to 24 hours .  
T h e se  data  toge ther  with  those show n in figure 2, in w hich  no effect was 
dem ons tra ted  to be  exerted  by the  second dose in fractionated  triáis, revealed an 
im m edia te  reaction after the first dose, suggesting  an en o rm o u s  capability  o f  repair  
w ith in  lO m in  after ir rad ia tion .  X e ithe r  the second dose ñor  the d ifferent length of  
the intervals between  doses were able to m odify  this ‘f ixed’ effect o f  the first dose.

A lthough  the biological m echan ism s  involved in th is  u n iq u e  response to two- 
dose irradia tion  are largely u nknow n , several hypotheses  m ig h t  be outlined.

T h e  ineffectiveness of  the  second dose could be pa r t ly  due to the presence o f  large 
n u m b e rs  o f  cells tha t  w ould  have been  rendered  hypoxic  by the  first radiation 
fraction and consequen tly  m ore  rad iores is tan t.  I t  was show n tha t  from  24 hours  
onw ards  the  epithelial cells change the  oxidative pa thw av  o f  the  K re b s  cycle tow ards 
the  pen tose  sh u n t  w hich  requ ires  less oxygen tensión (Cabrin i et al. 1970). H ow ever,  
m ore  in form ation  is needed  regard ing  oxidative m etabolic  changes, particu larlv  at 
shor te r  pos t- ir rad ia t ion  times, in o rder  to ascribe radiores istance to in tracellular 
hypoxia.

Cell cycle progression  to m ore  rad iores is tan t  phases ( G 2) could also be suggested 
as a possible explanation , b u t  only for the  longest intervals  betw een  doses (Young 
and  Fow ler  1969).

A lthough  repa ir  in skin canno t be a t t r ibu ted  to svstem ic release of  chemicals  
(D e n ek a m p  and Fow ler  1966), the  rapid  and  pro longed  reaction  here in  described 
could be due  to the  release of  locally acting  substances. T h e  existence o f  some 
m echan ism  and /o r  substances th a t  condit ioned  the  cell to rem ain  unaffected  to the 
second dose was p roposed  by  P ow ers  (1961). T h is  au th o r  suggested  the existence o f  a 
repara tive  substance pool tha t  becom es exhausted  w hen  the  first dose is given.

C ons ider ing  th a t  cell vo lum e changes indícate  th a t  bo th  shor t  and  pro longed  
intervals have a similar effect on kera tinocyte  repa ir  m echan ism s, this  approach  
could be suitable to de te rm in e  the  effect o f  experim ental fractionation  schemes, 
especially those involving epithelial tu m o u r  t rea tm en ts .  F u r th e rm o re  this  rapid 
repa ir  p h en o m en o n  m ig h t  be of  im portance  in clinical radia tion  the rapy  w hen 
rapidlv  growing  tu m o u rs  are considered.

S um m ariz ing ,  this  repo rt  shows a do se -d e p en d e n t  change in ep iderm al basal cell 
vo lum e (volume increasing with  dose), a reduc tion  in vo lum e change if the  dose is 
split in tw o fractions, a lack o f  d ependence  o f  this  change in vo lum e with 
fractionation on the t im e be tw een  doses ( lO m in  to 2 4 hours).  W h e n  the doses are 
split the effect is approx im ate ly  ha lf  tha t  o f  a single dose.
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