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Salivary gland tumors induced by 32P
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T he  oncogenic power  of 12P was dem ons tra ted  in salivary glands. An intraglandular 
injection of 0.25 mCi of  chromic colloidal phospha te  (32P) was administered to 
young adult Wistar rats. Seven months post-injection, tumors began to  appear  in 
the neck región in 64% of the rats. The  tumors were sarcomas (50%), carcinomas 
(35 .70%), and carcino-sarcomas (14.28%).
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T um or induction  in salivary g lan d s  o f  m ic e ,  
rats and ham sters  has  b e e n  o b ta in e d  m ainly  
with ch cm ica l  ca r c in o g e n s ,  e i th er  in the  form  

o f  p e l lc ts  im pla n ted  w ith in  the  g lan d  ( 1 - 6 ) ,  or  
in the  form  o f  so lu t io n s  in je c ted  into  the  g land  

(7 - 8 ) .  O th e r  e x p e r im e n ts  in tum oral  in d u c­
tion in salivary g lan d s  w ere  d o n e  w ith  the  S E  
p o ly o m a  virus ( 9 - 1 0 ) .  L a w  and D a w e  (11 )  did  

tliis on  an im als  p rev io u s ly  irradiated by X  rays  
to  p r o v o k e  in m u n o d c p r e s s io n ,  w h i le  C un-  
n in gham  et al. (12 )  p r o d u ced  e x p er im en ta l  
tum o rs  with  c y to m e g a lo v ir u s .  O th e r s  have  
an a ly zed  the  serial  transp lanta t ions  o f  tum ors  
in d uc ed  by d ifferent  c h em ica l  c a r c in o g e n s  
such as D M B A  ( 1 3 - 1 5 ) .

T h e r e  is l i terature on  the  ca rc in o g en ic  
p o w e r  o f  irradiation in h u m an  salivary g lands,  
referring e ith er  to surv ivors  o f  H ir o sh im a  and  
N a gasak i  (1 6 -1 7 )  in w h o m  a grea ter  tum oral  
in c id en cc  has b e e n  d e m o n s tr a te d .  or  to  pa-  
t ients in w h o m  tu m o r s  ha v e  a p p e a r e d  after  
local irradiation trea tm en ts  ( 1 8 -2 1 ) .

H o w e v e r ,  there  is litt le in for m at ion  ab ou t

ex p e r im e n ta l  tu m o r  in d uction  by irradiation  
o f  the  sa livary g la n d s  ( 2 2 -2 4 ) .  W e h a v e  foun d  
n o  data  on  in d uction  o f  tum ors  in salivary  
glands with  rad ioact ive  i so to p e s .  In o u r  labo-  
ratory,  the  great  o n c o g e n ic  p o w e r  o f  ,2P has  
b e e n  d e m o n s tr a te d  in jo ints  and sub-  

c u ta n e o u s  t issue (25 ) .  W h e n  32P is in je c ted  in 

the  form  o f  co l lo id a l  c h r o m ic  p h o s p h a te ,  it 
acts as an internal s o u rc e  o f  irradiation until  
d eca y .  T h is  e x p e r im e n t  w a s  d e s ig n e d  to prove  

the  inductive  p o w e r  o f  a rad ioact ive  co l lo ida l  

so lu t ion  o f  ,2P in salivary g lan d s  o f  rats.

M aterial and methods

F ifty-tw o m ale  W istar rats w e ig h in g  150 g at 
the  b e g in n in g  o f  the  e x p e r im e n t  w e r e  used.  
T w enty -s ix  re c e iv e d  an in ject ion  o f  0 .0 0 5  mi o f  
rad ioact ive  co l lo id a l  c h r o m ic  p h o sp h a te  (32P) 
(activ ity  0 .2 5  m C i ,  particles:  10 to 3 0  n m )  (26)  
into the  left  subm axil lary  g land ( S B M ) .  
A n o t h c r  26  w e r e  in je c ted  in the  sa m e  w ay  
with co id  co l lo id a l  ch ro m ic  p h o sp h a te .  In all



cases (he g lands w ere  surgically exp o sed  be- 
fore in jec tion .

F o u r  an im als  o f  the con tro l  g ro u p  were  
killed 2 w eeks  a f te r  in jec tion  a n d  the  g lands 
p rocessed  fo r  light m icroscopy .  W h en  an  an i­
mal d e v e lo p ed  an  u lcerat ive  o r  n o d u la r  le­
s ión, it was killed with e th e r .  E ach  an im al,  
was a u to p s ie d  in search  o f  m etas tases .  A t  the  
e n d  o f  th e  e x p e r im e n t ,  an e qu iva len t  n u m b e r  
o f  an im als  in jec ted  with coid colloidal solu- 
t ion was killed.

In b o th  g roups ,  g lands w ere  p ro cessed  for 
light m icroscopy.

Results

In the early  days fo llowing the  in jec t ion ,  most  
o f  the  an im als  sh o w ed  an ep ila tion  a ro u n d  the 
g land  región.  F o u r  an im als  in jec ted  with the

rad ioactive  so lu t ion  d ied  within 30 days of 
in jec tion ,  due  to causes u n c o n n ec te d  with the 
ex p er im en t .

T h e  g lands o f  an im als  killed 2 w eeks  a f te r  
in jec tion  w ere  seen  to con ta in  the colloidal 
so lu t ion  u n d e r  light m icroscopy.

N o d u la r  and  u lcerat ive  tu m o rs  s ta r te d  to 
a p p e a r  (1 case) f rom  D a y  240, 4 m o re  ap- 
p e a re d  b e tw ee n  D ays  240 and 270, 4 m o re  
b e tw ee n  270 an d  330, a n o th e r  3 on  subse- 
q u e n t  days up  to 480, a n d  , finally, 2 m o re  
a p p e a r e d  b e tw ee n  D ay s  480 and  560. In all, 
14 tu m o rs  w ere  d e te c te d ,  an incidence  of 
63 .63% .

T h e i r  a spec t  var ied  from  n o d u la r  fo rm a- 
t ions (10 cases)  to u lce ra ted  a rca s  with ra iscd  
edges (4 cases).  T h e  lesions w ere  in the  neck,  
o v e r  the  SB M  gland  región. In one  case,  the 
t u m o r  a p p e a re d  be low  the  g land  reg ión ,  over  
the  jo in t  o f  the s te rn u m  with the clavicle. O n e
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Hg. 2. Squamous ccll carcinoma dcveloped in an injcctcd gland showing abundant horn-pearl formation in 
cystic spaces (x  90).

an im al  with  a largc tu m o r  d ied  s p o n ta n e o u s ly .  
T h e  s ize  o f  the  tum o rs  va r ied ,  the  largest  m ea-  

suri ng 6 x  3 X 3 .5  cm .
M icroscop io  o b se r v a t io n s  o f  the  tum ors  

s h o w e d  2 d ifferent  h is to log ica l  ty p e s  o f  sar­
c o m a s  and c a r c in o m a s ,  and  in 2 c a se s ,  the  

tum o rs  w e r e  c a rc in o s a rco m a s .  O f  all the  tu ­
m ors  d e t e c t e d ,  50%  w e r e  sa r co m a s .  T h e s e  
tum o rs  w e r e  h ighly  ce l lu lar ,  with  p red om i-  

nant sp in d le - sh a p e d  ce l ls  arranged  in b ands  
fo rm in g  a h e rr in g -b o n e  p attern  in s o m e  areas .

T h e r e  w e r e  n u m e r o u s  vascular  sp a c e s ,  
o f ten  in the  form  o f  c le f ts ,  l ined  by a m o n o -  

layer o f  e n d o th e l ia l  ce l ls ,  and  w ith  h em a t ic  

in tra lum inal c o n te n t .  T h e  sa r c o m a s  sh o w e d  
c o l la g e n  fo rm a t io n  and sp in d le - sh a p e d  and  

p le o m o r p h ic  ce lls .  S o m e  w e r e  large w ith  hy-  
p er c h r o m a t ic  atypical  n u c le i ,  o th e r s  had  

d o u b le  nuc le i .  T h e  m ito t ic  in d e x  w as  high and  
i so la ted  n ecro t ic  foci  w e r e  o b s e r v e d .  A l l  the  
tum o rs  w e r e  infi ltrative (F ig .  1).

In 3 5 .7 % ,  the  m ic r o sc o p ic  fea tu re s  w e r e  o f  
s q u a m o u s  cell  ca rc in o m a s .  In 2 c a s e s ,  car­
c in o m a s  o r ig in atin g  in the  skin in vad ed  the  
gland. In o th e r  c a s e s ,  the  g landular  origin o f  
the  tu m o r  w a s  c learly  d e te c ta b le .  H orn-pear l  
fo r m a t io n s ,  h igh m ito t ic  in d e x ,  cystic  sp aces  
and infi ltrative activity w e r e  a lw ays  o b se r v e d

(Fig- 2) .
In 2 ca s es  (1 4 .2 8 % )  a m ix tu re  o f  carcino-  

m a to u s  and s a r c o m a to u s  areas  w e r e  foun d  

and t h e se  w e r e  d ia g n o s e d  as carc in o sa rco m a s .
In o th e r  c a s e s  there  w e r e  s o m e  g landular  

p atterns with  ductal  f o r m a t io n s  (Fig .  3).
In tum ors  o r ig in atin g  in the  sk in ,  s o m e  

areas o f  a g lan d ular  p a r e n c h y m a  sh o w e d  aty ­
pical s tructures ,  b in u c le a te  ce l ls ,  hyper-  
c h ro m a t ic  nuc le i  and  a co n s id e r a b le  n u m b e r  

o f  m ito t ic  f igures.  T h e  a u to p s ie s  did not  
revea l  m a c r o sc o p ic  m eta s ta ses .



Fig. 3. G la n d u la r  p a t t e r n  in a s q u a m o u s  cell c a r c i n o m a  d isp lay ing  duc ta l  fo r m a t io n s  ( x  60) .

D iscussion

T h e  oncogcn ic  p o w c r  o f  32P was d e m o n s t r a te d  
in salivary g lands ,  and  liad h e en  d e m o n s t r a te d  
be fo rc  in jo ints and  su b c u tan e o u s  tissues (25). 
As no  histological a l te ra t io n s  w ere  fo u n d  in 
the  salivary g lands in jec ted  with th e  coid col- 
loid , the  radioact ivo  iso tope  is d e m o n s t r a te d  
to be  responsib le  fo r  the  tu m o ra l  induction .

T h e  m in im al la teney  p e r io d  in this experi-  
m en t  was s imilar  to  tha t  fo u n d  in o th e r  tissues 
with the  sam e  rad ioac t ive  subs tance  (25), o r  
with o th e r  fo rm s o f  i r rad ia t ion  (22 -24) .  but 
was lo n g er  th an  th a t  o b se rv ed  in g lan d u la r  
tu m o rs  ind u ced  by chem ica l  carc inogens  (1, 
15, 27, 28, 29. ínter alia).

A s for the  histological type  o f  tu m o rs  in­
d u ced  in the  g land  by the  rad ioac t ive  colloid,  
50%  w ere  sa rcom as  and  35 .70%  carc inom as.  
O th e r  a u th o rs  have  similarly  r e p o r te d  induc ­
tion o f  tu m o rs  o f  d i f feren t  orig ins by chem ica l

carc inogens  ( in d u ced  carc inom as  (1), and  3, 
6, 27, f ib rosa rcom as) .  Shafe r  (4). a m o n g  
m an y  o th e r  au th o rs ,  o b ta in e d  ca rc in o m as  as 
well as sa rcom as.  M ost  a u th o rs  agree  in cx- 
p lain ing the origin o f  epithe lia l  tu m o rs  in 
duc ta l  m etap la s ias  which cou ld  p ro d u c e  cystic 
cavities with  k e ra t in  co n te n t .  It was a s tr iking 
fe a tu re  to see the  d e v e lo p m e n t  o f  2 carcino- 
sa rcom as  (1 4 .2 8 % ).  E x p e r im en ta l  carcino- 
sa rcom as  ra rc ly  devclop .

T h e  histological origin  o f  the  tu m o rs  in­
d uced  by the  rad ioac t ive  colloid m ay  have 
varied  because  the  cells o f  the  ta rge t  o rg an ,  
i .e . ,  ep ithe lia l  cells o r  f ib rob lasts  an d  o th e r  
cells o f  the  s t ro m a .  w'ere d iffe ren t.  T h e  tu ­
m ors at the edges  of the  skin u lcers m igh t  be 
e xp la ined  as a p e r ip h e ra l  localization of the 
rad ioact ive  colloid in th e  g land  with a car- 
c inogenic  e lfect  on  the ep ide rm is .  Similar  re- 
sults w ere  o b ta in e d  by U bios  et al. (25) with 
knee  in jections.



In this ser ies  o f  e x p e r im e n ts  all tu m o rs  in- 
d u c e d  w ere  m alignant .  H o w e v e r ,  o th e r  au-  
thors h a v e  rep orted  b en ig n  tum ors .  T h e  in- 
d u ction  o f  a d e n o m a s  in S B M  g lan d s  was  
o b ta in e d  by C herry  and G lu c k sm a n  (23 )  and  
G lu c k sm a n  and C herry  (2 4 ) ,  from  7 m o n th s  

post- irradiation  Takeich i  et al. (22 )  in d uc ed  
g landular  tum ors with  X  irradiation app lied  

locally  in a s ing le  d o s e  o f  280 0  rads and in 
m últ ip le  d o s e s  o f  500  rads, with  total  d o s e s  o f  

3000  and 5000  rads. H e  e v a lu a te d  h o rm o n a l  

partic ipat ion  by p er fo rm in g  o v a r e c to m ie s .  
T h e  tum ors  w ere  a d e n o m a s ,  atypieal  pro-  
l i ferations ,  and cáncer .  L aw  and D a w e  (11)  

also  o b ta in e d  p le o m o r p h ic  a d e n o m a s  with  SE  
p o ly o m a  virus and irradiation.

C o l lo id a l  so lu t io n s  rem ain  at the  in jection  

site  w ith o u t  sp re ad in g  o v e r  great  d is tan ces ,  
and thus,  the  i s o to p e  aets as an internal source  
o f  radiation until  total d e c a y ,  g e n e r a t in g  an 
act ive  irradiation z o n e  that p ro v id es  a d o s e  o f  

m axim al o n c o g e n ic  activity at the  site . This  
m ay exp la in  the  high in c id en ce  o f  tum ors  
found  in this e x p e r im e n ta l  m o d e l ,  a n d ,  thus,  
co n st i tu tes  an ap p ro p ia te  m e th o d  for the  
study  o f  tu m o r  in d uct ion  by irradiation.
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