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Effects of the Hypoxic Radiosensitizer Misonidazole 
on Normal and Irradiated Epidermis
B . M . d e  R e y ,  H . E . L a n f r a n c h i ,  A . J. P. K l e i n - S z a n t o *  an d  M . E . I t o i z  

R adiobiology D ep artm en t, Com isión N acional de  E n erg ía  A tóm ica, B uenos A ires, A rgen tina

M isonidazole, a  hypoxic cell rad ia tion -sensitizer, has been  used in vivo  to  analyze 
its effects on norm al and x -irrad ia ted  epiderm is. T he d rug  action  was evaluated  3 
days afte r being  im plan ted  subcutaneously . T he response o f the  ep iderm is and 
especially o f the  basal cells to th e  drug alone and in com bination  with x-radiation  
was stud ied . T he u ltram orpholog ical analysis as well as q u an tita tiv e  d a ta  on ep i­
dem ial th ickness and  k era tinocy te  volum e show ed th a t high doses o f  m isonidazole 
im pair th e  usual p ost-irrad ia tion  ep iderm al reaction , thus enhancing the  involu- 
tional effects o f rad iation  and inhib iting  rad ia tion -dam age repair, even u nder con- 
ditions o f  norm al oxygenation.

(R eveived  fo r  publication  M ay 19, 1980)

M iso n id azo le  (fo rm erly  R o -0 7 -0 5 8 2 ) , is an 
e le c tro n -a ffin ic  co m p o u n d  th a t  has th e  p ro p - 
e r ty  o f  in c reas in g  free  rad ica l p ro d u c tio n , th u s  
e n h an c in g  th e  e ffec ts  o f ion iz in g  ra d ia tio n , 
a n d  w h ich  can  b e  e ffec tive ly  u sed  in c o m b in a ­
tio n  w ith  co n v en tio n a l tu m o r  ra d io th e ra p y . 
T h e  p o te n tia l  v a lu é  o f  th is c o m p o u n d  is th a t it 
can  act as a  se lec tiv e  ra d io sen s itiz e r  o f  tissu es 
co n ta in in g  hypox ic  tu m o r  cells  w h ich  a re  re - 
la tiv ely  re s is ta n t to  th e  e ffec ts  o f  ion izing  
ra d ia tio n . (M cN ally  e t  al. 19 7 8 , H all & B iag- 
low  19 7 7 , R a u th  e t al. 197 8 ). In  ad d itio n  to  its 
ra d io sen s itiz in g  e ffec t, m iso n id azo le  has also  
b e en  show n  to  b e  to x ic  to  cells (M o o re  e t al. 
1976 , B ro w n  1977 , P h illip s 1977).

*P resen t address: Biology D ivisión, O ak  R idge N a­
tional L abora to ry , O ak  R idge, T ennessee 37830, 
USA .

D e n e k a m p  e t al. (1 9 7 4 ) , u sing  tw o  d iffe re n t 
n itro im id a zo le s  (m e tro n id a z o le  an d  m iso n i­
d a zo le ) sh o rtly  b e fo re  ir ra d ia tio n , d e - 
m o n s tra te d  th a t  b o th  d ru g s  specifically  sen - 
sitized  e p id e rm a l cells m ad e  artificially  
hypox ic, b u t h a d  n o  e v id en t e ffec t u p o n  w ell 
o x y g e n a ted  cells. S to n e  &  W ith e rs  (1 9 7 4 ) , 
o b ta in e d  an  e n h a n c e d  d e sq u a m a tio n  o f  n o r ­
m al sk in  a f te r  th e  a d m in is tra tio n  o f  m e t­
ro n id az o le  im m ed ia te ly  a f te r  irrad ia tio n .

T h e  p rin c ip a l a im  o f  th is p a p e r  is to  show  
th e  m o rp h o lo g ica l a lte ra tio n s  in th e  n o rm al 
e p id e rm is  in d u ced  by m iso n id azo le  a lo n e  o r  in 
co m b in a tio n  w ith  ra d ia tio n  tre a tm e n t u n d e r  
n o rm al o x y g en a tio n  c o n d itio n s. G iv en  th e  
fact th a t  d u rin g  ra d io th e ra p e u tic  triá is , m is­
o n id azo le  is a d m in is te re d  d u rin g  th e  c o u rse  o f 
a m u ltifrac tio n  ir ra d ia tio n  sch ed u le , in w hich 
sev e ra l h o u rs  o r  days e la p se  b e tw ee n  frac- 
tio n s , th e  n o rm al sk in  ov erly in g  th e  tu m o r  will



Fig. 1. E lectron micrograph of  basal cells from irradiated epidermis (I group  in the text).  Note features of  
radio-indueed hyperactivity, i.e. cell and nuclear  enlargem ent,  fragmentation of  nuclei, formation of  lipid 
vacuoles ( ^  ), modification of  mitochondrial s tructurc (4» )  and widened intercellular spaces (*). x  500.

be affec ted  by rad ia t io n  as well as by the  pro -  
longed  aetion o f  the  drug.

M a te r ia l  a n d  nicfliods

Six ty-f ive-day-o ld  W is ta r  ra ts  w e re  used. 
T h ir ty  an im als  w e re  su b m it te d  to  the  aet ion  o f  
the  d ru g  m ison idazo le  ( l ,2 - ( n i t r o im id a -  
z o l - l - y l )3 - m e th o x y - 2 - p r o p a n o l ) ,  fo rm erly  
R o -0 7 -0 5 8 2  (k indly  supp l ied  by R o c h e  P ro ­
d uc ts  L td . ,  W elw yn G a r d e n  City,  H e r td fo rd -  
shire ,  E n g la n d ) .  T'he p o w d e r  was d irectly  im- 
p lan te d  in to  the  s u b c u ta n e o u s  tissue (0.5 
m g /g  an im al w eigh t)  th ro u g h  a small  incisión 
on the  do rsa l  a rea .  T h e  sam e  n u m b e r  o f  an i­
m als  w e re  su b jec ted  to  a  sh am  o p e ra t io n  
w i th o u t  the  d ru g  and  used as Controls.

Ir r a d ia tio n  c o n d i t io n s

S e v e n ty - tw o  ho u rs  a f te r  the  im p la n ta t io n  o f  
the  d rug ,  th e  left soles o f  all the  an im als  w e re  
e x p o sed  to  8 K ra d  X -ray s  with  a Philips 
ra d io th e ra p y  m ach in e  o p e r a t e d  at 2 5 0  Kv, 13 
m A  em p lo y in g  a  0 .25  m m  C u  and  1 m m  Al 
fi lter ( H V L  12.4 m m )  at a  dose  ra te  o f  5 0 0  
ra d /m in .  T h e  rest  o f  the  a n im a l ’s bo d y  re- 
m ain ed  sh ie lded ,  an d  the  r ight solé was used 
as n o n - i r r a d ia te d  con tro l .  All  the  an im als  
w e re  sacrificed 3 days  a f te r  i r rad ia t ion  (6 days 
a f te r  the  o n se t  o f  the  e x p e r im e n t ) ,  and  the 
sp ec im en s  w ere  g ro u p e d  as follows:
DI -  S am ples  f rom  an im als  t r e a te d  with the  

d ru g  a n d  su b seq u e n t  irrad ia t ion .
D -  S am ples  f rom  n o n - i r r a d ia te d  an im als  

t rea te d  with  th e  drug.



Fig. 2. Basal cells from non-irradia ted  epidermis,  trea ted  with misonidazole (D group in the text). Note 
empty areas in cytoplasm ( ík )  and swollen mitochondria  ( w  ). T he  outstanding feature is the formation of 
many electrón dense cells (D) (dark cells) in the basal layer. x  4000.

I — S am ples  f rom  i r rad ia ted  an im als  w i thou t  
d ru g  t rea tm e n t .

C  -  Sam ples  f rom  n o n - i r r a d ia te d  an im als  re- 
ceiving no d ru g  t rea tm e n t .

T h e  skin o f  the  soles o f  all g roups  w as p ro -  
cessed  s im ultaneous ly  fo r  analysis by light and 
e lec t rón  m ic roscopy  (K le in -S zan to  et al. 
1977).  U l t ra - th in  sec tions w e re  o b ta in e d  from 
E p o n  blocks,  c o n tra s ted  w ith  u rany l  ace ta te  
and  lead  c itrate ,  and  p h o to g ra p h e d  in a 
Philips 300  e lec trón  m icroscope.  O n e  o r  
two-[im thin sec tions  w ere  also p r e p a re d  and 
s ta ined  with P A S  and  T o lu id ine  blue

(S c h ro ed e r  1973).  T h r e e  b locks w ere  se lec ted  
f rom  each  sam ple  and,  in to ta l ,  45  sections 
f rom  each  g ro u p  w ere  availab le  fo r  light mi- 
c roscopical  qu an ti ta t io n .  F ro m  each  section, 
the  ave rag e  th ickness  o f  the  e p id e rm is  was 
o b ta in e d  by m ea su r in g  it d irectly  with  the  aid 
o f  a  c a l ib ra ted  eyepiece .

In o r d e r  to  o b ta in  the  ab so lu te  v o lum es  o f  
basal cells, s te reo log ic  m e th o d s  w ere  applied.  
D e te rm in a t io n  o f  the  num er ica l  densi ty  (Nv) 
o f  cells was car r ied  o u t  fo l lowing the  p roce-  
d u re  prev ious ly  d esc r ib ed  (K le in -S za n to  et al. 
1977).



Fig. Electron micrograph of  basal cells from irradiated and misonidazole-treated  epidermis (DI in the 
text). Except for a few lobulated nuclei, no rem arkable  evidence of  radio-indueed al terat ions can be noted.

R esults
M o r p h o lo g ic  o b s e rv a tio n s

D irec t  o b se rv a t io n  o f  th e  e x p e r im e n ta l  ani- 
mals  t rea te d  w ith  m ison idazo le  clearly  sh o w ed  
a  sm alle r  body  size as well as a r e m a rk a b le  
a l te ra t io n  in the  h a ir  g row th  p a t te rn .  T h e  ul- 
t r a s tru c tu ra l  analysis o f  the  c o n tro l  e p id e rm is  
(g ro u p  C),  sh o w ed  the  charac te ris t ic  f ea tu res  
o f  n o rm a l  solé ep ide rm is .  T issues f rom  g ro u p  
I ( i r rad ia te d  an im als  w i th o u t  d ru g  t r e a tm e n t )  
sh o w ed  a l te ra t io n s  in th e  cell m e m b r a n e  sys-

tem . T h e  m ost  re m a rk a b le  fea tu re  was the 
fo rm at io n  o f  large basa l  cells w ith  lo b u la ted  o r  
f r a g m e n te d  nuclei and  lipid vacuoles  n e a r  in- 
foldings o f  the  n u c lea r  m e m b r a n e  (Fig. 1).

N o n - i r r a d ia te d ,  d r u g - t r e a te d  an im als  (g roup  
D )  ex h ib i ted  basal  k e ra t in o c y tes  with swollen 
m ito ch o n d r ia .  S o m e  d a rk  cells exh ib i t ing  
swollen m e m b r a n e o u s  o rg an e l le s  a n d  an 
e lec t ró n  d e n se  cy top lasm  with  a co m p a c t  ar-  
ra n g e m e n t  o f  r ib o so m es  a n d  fibrils could  be 
seen.



S am ples  f rom  g ro u p  D I,  p re t r e a te d  with 
m ison idazo le  an d  i r rad ia ted  3 days later,  
sh o w ed  few ra d io - in d u ce d  a l tc ra t ions .  O nly  
sonie  cells with  lo b u la ted  nuclei w ere  
o bse rved .  In a few cells it was poss ib le  to 
obse rve  nuc lear  m e m b ra n e  d is in teg ra t ion  and 
cy top lasm ic  d iso rgan iza t ion  (Fig. 3). Som e 
da rk  epithe lial  cells w ere  o bse rved ,  b u t  the 
e lec t rón  density  o f  these  cells was so m ew h a t  
less m a rk e d  than  in the  cells o f  the  p rev ious  
g roup.

Fig. 4. Absolu te  volume of basal cells from:
I -  i rradiated cells 3 days af ter  irradiation with 8 

Krad.  without misonidazole.
DI -  irradiated  cells 3 days af ter  8 Krad and 6 days 

after  a trea tm ent  with misonidazole.
C — non-irradiated cells, not p re trea ted  with mis­

onidazole.
D — non-irradiated cells, 6 days af ter  trea tment 

with misonidazole.
Vertical bars represent s tandard errors.

Fig. 5. Absolu te  epidemial  thickness. (1. DI. C, D as 
in Fig. 4.).

Q u a n tita tiv c  resu lts

T h e  m ean  cell vo lu m e  in g ro u p  C was 204 
(im3. Cells f rom  g ro u p  I show ed  a m ea n  cell 
vo lu m e  o f  680  u m 3. Cells f rom  g ro u p  D exhi-  
bi ted  a m ean  cell vo lu m e  o f  188 u m 3, which  is 
even  lower  than  seen  in the con tro l  g ro u p  (the 
d ifference  is no t  statistically  significant) .  Fi- 
nally, cells from  g ro u p  DI,  from  tissues ex- 
po sed  to d ru g  act ion  a n d  i r rad ia t ion ,  had  a 
m ean  cell vo lu m e  o f  2 8 0  ^ m 3 (Fig. 4). This  
implies a dec rease  o f  109%  (statistically sig­
nif icant)  in the  m ean  cell vo lum e b e tw een  
g ro u p s  I a n d  D I  and  a dec rease  o f  8 %  b e ­
tw een  C an d  D. A  o n e -w ay  analysis o f  var- 
iance,  in which the  fou r  g roups  w ere  con- 
t ras ted ,  d e m o n s t r a te d  th a t  the cell vo lum e 
was significantly m od if ied  by t rea tm e n t .  
C o m p ar iso n  o f  the  e p id e rm a l  th icknesses of  
the  n o n - i r rad ia te d  g ro u p  ind ica ted  an 8 .8 %  
decrease  p ro d u c ed  by m isonidazole .  W h en  
co m p ar in g  the  sam e  p a ra m e te r  in the  ir­
r a d ia te d  g roup ,  a 19 %  statistically significant 
d ec rease  could  be o b se rv ed  in the  drug- 
t rea te d  an im als  (Fig. 5).



Discussion

E x p er im en ta l  w o rk  on  hypoxic  skin has de-  
m o n s t r a te d  th a t  subs tan l ia l  sensi t iza tion  can 
be ach ieved  in v ivo  with m ison idazo le  (D e -  
n e k a m p  et al. 1974).

T h e  p re sen t  results  suggest th a t  no rm al  
e p id e rm is  was a f fec ted  by p ro t r a c te d  mis- 
o n idazo le  action. T h e  u l tra s t ru c tu ra l  analysis 
sh o w ed  th a t  the  i r rad ia ted  an d  d ru g - t r e a te d  
e p id e rm is  (D I)  re ac te d  d ifferen tly  from  the 
e p id e rm is  exp o sed  to rad ia t ion  only. Som e of 
the cel lu lar  a l te ra t io n s  th a t  h ave  been  a lready  
desc r ibed  as po s t - i r rad ia t io n  e ffects w ere  seen 
in this g ro u p  (de Rey  & C a b r in i  1973). O n  the  
o th e r  h and ,  so m e  charae te r is t ic  images a ttr i-  
b u ted  to  cell reac tions  ind u ced  by ioniz ing 
rad ia t ion ,  such as n u c lea r  f rag m e n ta t io n ,  cell 
e n la rg e m e n t  and  a b u n d a n c e  o f  to n o f i lam en ts  
seen in g ro u p  I w ere  absen t  in g ro u p  DI.

In an im als  t r e a te d  with m ison idazo le  (no 
i r rad ia t ion) ,  the  ep id e rm is  exh ib i ted  som e 
o rganel le  a l te ra t io n s  a n d  the  fo rm at io n  o f  a 
large n u m b e r  o f  e lec tró n  d e n se  cells. A l-  
th o u g h  h y perac t ive  e lec trón  den se  ep ithe lia l  
cells have  b e en  d esc r ib ed  in severa l 
hyperp las t ic  stra ti f ied  sq u a m o u s  ep ithe l ia  
(K le in -S za n to  & N e t te sh e im  1980, Klein- 
Szan to  et al. 1980), o th e r  types  o f  d a rk  e lec ­
trón  den se  cells have been  seen  in i r rad ia ted  
o ra l  e p ithe l ium  and  in te rp re te d  as d e g en e ra -  
tive cells (L iu e t  al. 1975).  T h e  da rk  cells seen 
af te r  m ison idazo le  t r e a tm e n t  sh o w ed  n u m er-  
ous  signs o f  involut ion  and  w ere  very similar 
to those  d esc r ib ed  by Liu et al. (1975) .

T h e  m orp h o lo g ic  ev idence  o f  the  d ru g  ac ­
tion coinc ides with the  qu an ti ta t iv e  findings. 
T h e  ep id e rm a l  cells w ere  la rge r  and  the 
e p id e rm is  was th ick e r  w h en  the  an im als  w ere  
exp o sed  to  rad ia t ion  a lone .  T h e  d rug  also a f ­
fected  the  n o n - i r r a d ia te d  ep ide rm is ,  i.e., the  
k e ra t in o c y te s ’ vo lum e,  as well as the  th ickness  
o f  the e p id e rm is  with m isonidazo le ,  w ere  
lower  than  the  con tro l  valúes.

A s  previously  r e p o r te d  (de  Rey  et al.

1979),  i r rad ia ted  k e ra t in o c y tes  show early 
changes  in som e m o rp h o m e t r ic  ind ica tors  of 
cel lu la r  hyperac tiv i ty ,  i.e., increased  basa! cell 
v o lu m e  a n d  e p id e rm a l  th ickness  tha t  a re  qu ite  
e v id en t  a f te r  72 h with 8 Krad .  T h e  cell 
hyperac tiv i ty  has b e en  co n s id e re d  as an at-  
tem p t  to b ring  ab o u t  cel lu la r  recovery .  A f te r  
this acu te  phase ,  the  cells e i th e r  rev e r ted  to 
the  initial n o rm al  co n d it io n  o r  p rogressed  
show ing  ch an g es  in o th e r  m o rp h o m e tr ic  ind i­
ca to rs  o f  cell d e g en e ra t io n  o r  cell dea th .  T he  
p re sen t  d a ta  ind íca te  th a t  the  p ro t r a c te d  a c ­
tion o f  m ison idazo le  d ec reases  the  cell’s 
capacity  to reac t  a n d  possibly rep a ir  rad ia-  
t io n - in d u ced  d am ag e .  T h e  sensi t ization  o f  the 
e p id e rm is  by this  hypoxic  sensi t izer  is p ro b -  
ably d u e  to the  par tia l ly  hypoxic condit ion  o f  
this  tissue u n d e r  n o rm al  c ircum stances  
(B ro w n  1975).  T h e  d ru g  in te r fe res  with the  
usual cel lu lar  re p ara t iv e  reac tion ,  t r iggered  by 
ionizing rad ia t ion ,  a n d  m anifes ts  itself at the 
m orpho log ica l  level by a lack o f  e p id e rm a l  
h y p e r t ro p h y  an d  hyperp lasia .  T h is  effect is 
p ro b ab ly  d u e  to an u n coup ling  o f  oxidative  
p h o sp h o r i la t io n  which  a lte rs  the  g en e ra t io n  of 
A T P ,  thus  a ffecting  the  cell’s rep a i r  capacity .  
T h e  high doses  em p lo y e d ,  an d  the  unco n v en -  
t iona l  ad m in is t ra t io n  ro u te  o f  m isonidazole ,  
m a k e  it difficult to e x tra p ó la te  som e  o f  these  
d a ta  to  h u m an  m edic ine .  T h e  p re sen t  d a ta  and 
especial ly  the  o b se rv a t io n s  o f  a lack o f  re a c ­
tive capacity  o f  th e  d ru g - t r e a te d  ep ide rm is  
w ould  indíca te  a toxic  act ion  o f  high doses of  
m ison idazo le  on  ep id e rm a l  cells, even u n d e r  
cond it ions  o f  n o rm al  oxygenat ion .
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