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measured ,  t o g e t h e r  w i t h  ' b a c k g r o u n d '  r ead ings  for  ad ja -  
cent ,  cell-free regions.  E s t i m a t e s  of m a c r o p h a g e  size (ma- 
x i m u m  d iamete r ,  D) were m a d e  on  t he  same  cells us ing  a 
PZO (Warsaw) ve rn i e r  eyepiece (15 •  Mac rophages  were 
iden t i f i ed  on  t h e  bas is  of re la t ive  cell size a n d  in te r fe rence  
con t ras t .  The  l a t t e r  f ac i l i t a t ed  t h e  app r ec i a t i on  of nuc lea r  
m o r p h o l o g y  and  nuc l eocy top la smic  ra t io .  

F r o m  t h e  r aw  da ta ,  g r a p h s  were p l o t t e d  showing  t he  
r e l a t i onsh ip  be tween  t h e  two i m p o r t a n t  desc r ip t ive  pa ra -  
meters ,  I O P D  (measured  in m a c h i n e  uni ts )  a n d  t he  cube  of 
t h e  m a x i m u m  d i a m e t e r  (i.e., D S) g iven  in a r b i t r a r y  uni ts .  
Regress ion  l ines for t h e  3 p o p u l a t i o n  samples  were com- 
p u t e d  b y  cova r i ance  ana lys i s  11, us ing  I O P D  as t he  de- 
p e n d e n t  va r iab le .  Dif ferences  b e t w e e n  p o p u l a t i o n  re- 
gression coeff ic ients  were t e s t ed  for  s igni f icance  b y  a com- 
pa r i son  of t h e i r  va r i ance  rat ios .  Sample  di f ferences  in  ele- 
v a t i o n  were assessed b y  t h e  same  procedure .  S t a n d a r d  
er rors  for t he  regress ion coeff ic ients  were t e s t e d  for signi- 
f icance  us ing  ' t ' va lues .  

The  s t a t i s t i ca l  ana lyses  were des igned  to  a sce r t a in  
w h e t h e r  a) regress ion l ines were paral lel ,  b) t h e  regress ions  
coincided,  a n d  c) t h e r e  was a s ignif icant ,  pos i t ive  re la t ion-  
ship b e t w e e n  t he  d e p e n d e n t  ( IOPD)  a n d  i n d e p e n d e n t  (D 3) 
va r i ab le s  for t h e  n o r m a l  and  s t i m u l a t e d  e x p e r i m e n t a l  po- 
pu la t ions .  

Regress ions  for n o r m a l  and  FCA- induced  m a c r o p h a g e  
p o p u l a t i o n s  are  s h o w n  in t he  Figure .  T he  regress ion co- 
eff ic ients  (i.e. , the  slopes of t he  graphs)  were found  to  be  
0.045 (normal) ,  0.061 (5 days  a f t e r  FCA), a n d  0.044 (8 days  
a f t e r  FCA).  The re  was  no  s ign i f i can t  d i f ference b e t w e e n  
these  va lues  ( P  > 0.05), t h e  p o p u l a t i o n  regress ion  l ines 
be ing  paral le l .  Thus ,  t h e  increase  of cel lular  d r y  mass  for  a 
u n i t  increase  in D 3 was t he  same  for n o r m a l  and  s t i m u l a t e d  
ceils. 

A d j u s t e d  m e a n s  for t h e  n o r m a l  a n d  5 d a y - s t i m u l a t e d  
groups  were n o t  s ign i f i can t ly  d i f fe ren t  ( P  > 0.05). The  
regress ion l ines for these  popu l a t i ons  (Figure A) were, 
therefore ,  one a n d  t h e  same.  However ,  t h e  v a r i a n c e  ra-  
t ios  of t he  a d j u s t e d  m e a n s  for n o r m a l  a n d  8 -day - s t imu la t -  
ed samples  showed  t h a t  t h e  dif ference in sample  e leva t ions  
was s ign i f ican t  ( P  < 0.05). Th i s  di f ference is r e l a t ed  to  
di f ferences  in  in i t ia l  cel lular  d r y  mass :  m a c r o p h a g e s  ob- 
t a i n e d  8 days  a f te r  in j ec t ion  h a d  a h igher  I O P D  t h a n  nor-  
mal  cells of t he  same  size (Figure B). Differences  be t ween  
5- a n d  8-day-samples  were no t  s ign i f ican t  ( P  > 0.05). 

F ina l ly ,  s t a n d a r d  errors  for t he  3 regress ion coeff icients  
po in t ed  to a s ign i f ican t  a n d  pos i t ive  r e l a t ionsh ip  be tween  
cell size and  cell mass,  a n d  for all  p o p u l a t i o n s  t he  re la t ion-  
ship  was t he  same.  Thus ,  t he  increase  in size of a c t i v a t e d  
m a c r o p h a g e s  is no t  due  to  a n y  ' h y d r a t i o n '  or loss of cyto-  
p la smic  dens i ty .  

The  dif ference in sample  e l eva t ion  for n o r m a l  a n d  8-day-  
s t i m u l a t e d  popu l a t i ons  m a y  be  exp la ined  b y  u l t r a s t ruc -  
ru ra l  changes  of m a c r o p h a g e  shape.  FCA- induced  peri-  
t onea l  m a c r o p h a g e s  are r o u n d e r  t h a n  n o r m a l  * a n d  dia-  
m e t e r  e s t ima tes  for these  cells m a y  be  open  to smal le r  er- 
rors. The  va lues  for n o r m a l  cells m a y  be  overes t ima tes .  
This  e x p l a n a t i o n  is s u p p o r t e d  b y  t he  o b s e r v a t i o n  t h a t  t h e  
sample  di f ferences  in  e l eva t ion  be tween  t he  two FCA-in-  
duced  popu l a t i ons  were n o t  s ignif icant .  

E x p e r i m e n t s  us ing  Feu lgen  p h o t o m e t r y  a n d  t r i t i a t e d  
t h y m i d i n e  labe l l ing  ind ica t e  t h a t  t h e  increased  mass  of t he  
a c t i v a t e d  cells does no t  o r ig ina te  f rom p r e p a r a t i o n s  for  
mitosis .  Indeed ,  ceils in  G 2 a n d  S phases  of t he  mi to t i c  
cycle are less f r e q u e n t  in  s t i m u l a t e d  p r e p a r a t i o n s  t h a n  in  
n o r m a l  ones  12. 

Rds~tmd. Les d imens ions  et  la masse  s~che de macro-  
phages  n o r m a u x  e t  ac t iv6s  on t  6t6 mesur6es  en u t i l i s a n t  
le <~Vickers M 86 s cann ing  i n t e r f e r o m e t e r  a n d  i n t e g r a t i n g  
microdens imete r~ .  Une  ana lyse  s t a t i s t i que  a m o n t r 6  u n  
r a p p o r t  posi t i I  en t re  les deux  p a r a m ~ t r e s  descript i fs ,  ce 
qui  in f i rme une  sugges t ion  pr6c6dente  selon laquel le  une  
a u g m e n t a t i o n  des d imens ions  d ' u n  m a c r o p h a g e  est  ac- 
compagn6e  d ' u n e  pe r t e  de dens i t6  cy top la smique .  
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Effect of A l k o x y g l y c e r o l s  on the F r e q u e n c y  of In jur ie s  F o l l o w i n g  Radia t ion  T h e r a p y  

Alkoxyglycero l s  occur  in  smal l  q u a n t i t i e s  in m a n y  na-  
t u r a l  p roduc t s .  I n  t h e  h a e m o p o i e t i c  o rgans  of m a m m a l s ,  
pa r t i cu l a r l y  t he  bone  mar row,  t h e y  are  r e l a t ive ly  a b u n -  
dan t .  T h e y  also occur  in  r e l a t ive ly  h igh  c o n c e n t r a t i o n s  in 
h u m a n  m o t h e r ' s  milk.  T h e y  occur  m o s t  a b u n d a n t l y  in  na-  
t u r e  in  t h e  l iver  oil of c e r t a i n  species of s h a r k  1-S. T he  ge- 
ne ra l  f o rmu la  for a lkoxyglycero l s  is C H ~ O H .  C H O H .  
CH~O �9 RI where  R is a l ongcha in  a l ipha t i c  radical .  

The  a lkoxyglycero l s  h a v e  p r o v e d  to  be  of med ica l  in- 
t e r e s t  1,4-6. To some e x t e n t  t h e y  p r e v e n t  l eueopen ia  and  
t h r o m b o c y t o p e n i a .  The  a d m i n i s t r a t i o n  of a lkoxyglycero l s  
to  p a t i e n t s  w i t h  cancer  of t h e  u t e r i ne  ce rv ix  resu l t s  in  
h ighe r  su rv iva l  r a t e s  t h a n  if r a d i a t i o n  t r e a t m e n t  a lone  is 
g iven  1,4. F u r t h e r m o r e  t h e  a lkoxy-g lycero ls  p r o m o t e  t he  
g r o w t h  of Lactobacillus lactis 1 and  t h e  f o r m a t i o n  of an t i -  
bodies  4, 6. 

I n  o rder  to  t h r o w  l i gh t  on  t h e  effect  of a lkoxyglycero l s  
on  t h e  f r equency  of in jur ies  fol lowing r a d i a t i o n  t he r apy ,  
we h a v e  s tud ied  3 g roups  of p a t i e n t s  w i t h  cance r  of t he  
u t e r ine  cerv ix  (Table),  one g roup  wh ich  rece ived  a lkoxy-  

glycerols  t he  week  before  (prophylac t ica l ly) ,  dur ing ,  a n d  
3 m o n t h s  a f t e r  r a d i a t i o n  t r e a t m e n t m  a second one where  
a d m i n i s t r a t i o n  of a lkoxyglycero l s  occur red  on ly  du r ing  and  
3 m o n t h s  a f te r  r a d i a t i o n  t r e a t m e n t ( m  and  a t h i r d  one, t he  
con t ro l  group,  wh ich  rece ived  r a d i a t i o n  t r e a t m e n t  b u t  no 
a lkoxyg lycero l sam.  The  groups  I a n d  I I  are f rom 1.1. 
1964-15.2.  1966, d u r i n g  wh ich  per iod  99% of t he  p a t i e n t s  
w i t h  cancer  of t he  u t e r i ne  cerv ix  received a lkoxyglycero l s  
in  connec t ion  w i t h  r a d i a t i o n  t r e a t m e n t .  The  groups  I a n d  
I I  are  c o m p a r e d  w i t h  t h e  con t ro l  group ( I I I )  composed  of 
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Injuries following radiation therapy 

Specialia EXPERIENTIA 29/1 

No. of No. of patients No. of No. of I (%) R C patients 
Treatment patients injuries (I) Number R (%) Number C (%) with % with mul- % 

injuries tiple 
injuries (M) 

I 453 84 18.5 61 13.5 23 5.1 80 17.7 4 0.9 
II 382 94 24.6 34 8.9 60 15.7 72 18.8 22 5.8 
III 651 247 37.9 154 23.7 93 14.3 194 29.8 41 6.3 

I: Administration of alkoxyglycerols prophylactically and during radiation treatment. II: Administration of alkoxyglycerols only during 
radiation treatment. III: Radiation treatment only. I, total injuries; R, injuries due to radiation treatment; C, Complex injuries due to 
tumour growth or to a combination of turnout growth and radiation treatment; M, more than one injury per patient, multiple injuries. 

al l  p a t i e n t s  f rom 1963 (345) a n d  of all  p a t i e n t s  f rom 
15.2. 1966-31.12.  1966 (306). The  r a d i a t i o n  t e c h n i q u e s  
h a v e  p r inc ipa l ly  been  t he  same  t h r o u g h o u t  t he  years  
1963-1966. 

The  a lkoxyglycero ls  are a d m i n i s t e r d  ora l ly  in  capsules  
2 capsules  3 t imes  a day,  each  capsule  c o n t a i n i n g  0.1 g alk-  
oxyglycerols ,  t he  t o t a l  da i ly  dosage t h u s  be ing  0.6 g. The  
p r e p a r a t i o n  is a c o n c e n t r a t e  of a lkoxyglycero ls  f rom Green-  
l and  s h a r k  l iver  oil c o n t a i n i n g  75% free a lkoxyglycero ls  
(produced  b y  A B  Astra ,  w or k i ng  n a m e  AT 18). 

In  t he  ca lcu la t ion  of f r equency  of in jur ies  (bladder,  rec- 
t um,  ureters ,  in tes t ine) ,  t he  pr inc ip les  g iven  b y  KoTT- 
MEIER 7 a n d  I~OTTMEIER and  GRAY s h a v e  been  used in th i s  
s tudy .  In ju r i e s  p r o d u c i n g  mi ld  sub jec t ives  changes  ac- 
c o m p a n i e d  b y  m i n i m a l  ob jec t ive  changes  in t he  mucosa  
(grade I accord ing  to t he  c lass i f ica t ion of IKOTTMEIER) are 
cons idered  as r a d i a t i o n  reac t ions  r a t h e r  t h a n  in jur ies  and  
h a v e  c o n s e q u e n t l y  been  omi t t ed .  Grade  I I  in jur ies  are  
those  a c c o m p a n i e d  b y  m o d e r a t e l y  severe  obj ec t ivechanges ,  
such  as areas of necrosis,  ulcers, m o d e r a t e  s tenosis  or 
those  accompan ied  b y  p r o t r a c t e d  bleeding�9 Classified as 
g rade  I I I  are b l adde r  and  u re t e r  in jur ies  w i t h  r a d i a t i o n  
f is tulas  a n d  rec ta l  a n d  i n t e s t i n a l  s tenosis  severe  enough  
to  requi re  co los tomy or resect ion.  Grade  I V  are  r ec ta l  and  
in t e s t i na l  f is tulas.  

I n  earl ier  i nves t iga t ions  on ly  t h e  in jur ies  due to rad ia-  
t ion  t r e a t m e n t  h a v e  in genera l  been  t a k e n  in to  cons idera-  
t ion  (pure r a d i a t i o n  injuries ,  R). I n  th i s  s t u d y  in jur ies  due 
to t u m o u r  g rowth  or to  a c o m b i n a t i o n  of t u m o u r  g rowth  
and  r a d i a t i o n  t r e a t m e n t  h a v e  been  i n c l u d e d .  T h e y  are 
called complex injuries (C) s ince i t  is imposs ib le  to  decide 
w h e t h e r  these  in jur ies  are due to t u m o u r  g r o w t h  alone, 
or to  t h e  c o m b i n e d  ac t ion  of t u m o u r  g r o w t h  and  r a d i a t i o n  
t r e a t m e n t .  W h e n  d e t e r m i n i n g  t he  complex  injuries ,  t he  
same  pr inc ip les  h a v e  been  appl ied  as for pu re  r a d i a t i o n  
injuries .  Since complex  in jur ies  are inc luded  in th i s  s t u d y  
we o b t a i n  h ighe r  pe rcen t ages  of in jur ies  t h a n  in o the r  in- 
ves t iga t ions .  In ju r i e s  wh ich  a p p e a r  w i th in  3 m o n t h s  t i m e  
a f te r  fu lgu ra t i on  or ope ra t ion  are  excluded.  I leus which  
c a n n o t  be  p roved  to be  caused  b y  s tenosis  is lef t  ou t  of 
cons idera t ion .  I n  t he  Tab le  we h a v e  g iven  t he  t o t a l  n u m -  
ber  of in jur ies  (I), t h e  in jur ies  due to  r a d i a t i o n  t r e a t m e n t  
(R), t he  complex  in jur ies  (C) and  mul t ip l e  in jur ies  (M), 
i.e. more  t h a n  one i n j u r y  pe r  pa t i en t .  

I t  follows f rom the  f igures g iven  in t he  Tab le :  1. The  
pe rcen t age  of in jur ies  is cons ide rab ly  lower in t he  a lkoxy-  
glycerol  groups  t h a n  in the  con t ro l  group - especial ly  for 
group I where  a lkoxyglycero ls  h a v e  been  a d m i n i s t e r e d  
p rophylac t ica l ly .  The  t o t a l  in jur ies  h a v e  decreased w i t h  
more  t h a n  50%. 2. The  complex  in jur ies  (C) are reduced  to 
a b o u t  1/a in  t he  p rophy l ac t i c  group as c o m p a r e d  w i t h  the  
con t ro l  group,  i.e. t h e  p r ophy l ac t i c  a d m i n i s t r a t i o n  of alk-  
oxyglycerols  has  reduced  t he  g r o w t h  of t he  t um our .  
3. The  mul t ip le  in jur ies  (M) are less f r e q u e n t  in t h e  pro- 

phy l ac t i c  group c o m p a r e d  w i t h  the  con t ro l  g roup  (0.9% 
c o m p a r e d  w i t h  6.3%).  4. W h e n  a lkoxyglycero l s  are ad-  
min i s t e red  on ly  du r ing  a n d  a f te r  r a d i a t i o n  t r e a t m e n t  
(group II) ,  no effect  is obse rved  on  t he  complex  injuries ,  
whi le  a s ign i f ican t  decrease  is found  for the  in jur ies  due  to 
r a d i a t i o n  on ly  (from 23.7 to 8.9). In  th i s  case the  a lkoxy-  
glycerols  do no t  seem to r eac t  on  t he  t u r n o u t  - b u t  p ro t ec t  
aga ins t  r a d i a t i o n  damage .  5. I n  g roup  I t he  pe rcen t age  of 
r a d i a t i o n  in jur ies  (13.5) is s ign i f ican t ly  h igher  t h a n  in 
g roup  I I  (8.9), b u t  st i l l  s ign i f i can t ly  lower t h a n  in t he  con- 
t ro l  g roup  (23.7). W h e n  p r o p h y l a c t i c  t r e a t m e n t  is given, 
a b o u t  2/3 of t he  complex  in jur ies  are e l imina ted  and  some 
of t h e m  m i g h t  h a v e  been  ' t r a n s f o r m e d '  in to  r a d i a t i o n  in- 
juries. 

The  con t ro l  group (III)  is composed  of 345 p a t i e n t s  f rom 
1963 and  of 306 p a t i e n t s  f rom 1966. The  pe rcen tages  of 
t he  t o t a l  in jur ies  (I) for these  two years  are (wi thin  t he  li- 
mi t s  of e x p e r i m e n t a l  error) equal ;  n a m e l y  for 1963, 38.8%, 
and  for 1966, 36.9%, respec t ive ly  ". A more  de ta i led  s t u d y  
will be  pub l i shed  elsewhere.  

Rdsumd. Les compl ica t ions  de t r a i t e m e n t  r ad io th6ra -  
p ique  son t  moins  n o m b r e u s e s  p o u r  les groupes  I et  I I  qu i  
on t  resu  des a lcoxyglyc6rols  que pou r  le groupe de con- 
tr61e I I I  qui  n ' a  6t6 t r a i t6  que  p a r  la rad io th6rap ie .  Le 
h o m b r e  de compl ica t ions  a d iminu6  de plus  de 50% pour  le 
groupe  I qu i  a resu  les a lcoxyglyc6rols  avan t ,  p e n d a n t  et  
apr~s le t r a i t e m e n t  aux  rayons.  
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