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Radiation effects on submandibular gland of the rat. 
Stereological and ultrastructural study

E. G. Espinal,  B .M .  de Rey, R .L .  Cabrini

D e p a r tm e n t o l'R ad iob io logy , C o m is ió n  N acio n a l de  E n erg ía  A tó m ica , R ep ú b lica  A rg e n tin a  (R esea rch  M anager: D r. R. L. C ab rin i)  a n d  D e p a r tm e n t o f 
P a tho logy , F acu lty  o f  D e n tis try  (P ro fe sso r D r. R. L. C ab rin i) , U n iv e rs id ad  de  B u en o s  A ires

T h e c h ro n ic e lV e c to f2 0 0 0 rd (2 0 G y )o fX -ra y s lo c a lly a p p lie d  to  th e  s u b m a n d ib u la r  g land  o fW is ta ry o u n g -a d u ltm a le ra ts ,w a s s tu d ie d  
by  s te re o lo g y ,a n d  lig h ta n d  e le c tró n  m ic ro sc o p ico b se rv a tio n s . T h ey  d e m o n s tra ted  th a t  d e g e n e ra tiv o c h a n g e s w e re o b se rv e d  d u rin g  
th e  first m o n th s  a fte r irrad ia tion . A tro p h ic  p ro cesses  d ev e lo p ed  from  6 m o n th s  o nw ards. In  th e  a c in a r c o m p a rtm e n t, a tro p h y  was 
P rogressive from  th e  first m o n th s  p o st-irrad ia tio n  up  to  9 m o n th s  p o st-irrad iatio n . D u c ta l cell m e m b ra n e s a n d  m ito c h o n d ria l d am ag e  
w e re c le a r ly d e te c te d a t  u ltra s tru c tu ra l level. N u c lea r  frag m e n ta tio n  a n d  sec re to ry  g ran u le s  a lte ra tio n s w e re a ls o f re q u e n t ly s e e n in  th e  
a c in a r co m p a rtm e n t.

Strahlenw irkung auf die U nterkieferdriise der Ratte. S tereo log iseh e  und ultrastrukturclle Studie

D ie  U n te rk ie fe rd rü se n  ju n g e r , e rw ach sen er , m iin n lich e r W ista r-R atten  w u rd e n  e in e r  loka len  R ó n tg e n b e s tra h lu n g  m it 2000 rd 
(20 G y) u n te rz o g e n , u n d  d e rc h ro n is c h e E ffe k tw u rd e s te re o lo g is c h  s o w ie lic h t-u n d  e le k tro n c n m ik ro sk o p isch  u n te rsu c h t. W iih rend  
d e r  e rs ten  M o n a te  n ach  d e r  B es tra h lu n g  ze ig ten  sich  d eg en e ra tiv e  V eriin d e ru n g en . A b  d em  sec h s ten  M o n a t e n tw ick e lten  sich 
a tro p h isc h e  l’rozesse . Im  a z in ó se n  Teil zeig te  sich  vom  e rs ten  bis zu m  n e u n te n  M o n a t n ach  d e r  B es trah lu n g  e in e  P ro g re s s iv e  
A tro p h ie . Im u ltra s tru k tu re llen  B ere ich  w u rd en  e in d eu tig e  S c h a d e n  a n  d en  K íin a lze llm em b ran en  u n d  d e n  M ito c h o n d rie n  nach - 
g ew iesen . Im  az in ó se n  Teil fa n d e n  sich a u c h  hau fig  K e rn fra g m e n te  u n d  V e rá n d e ru n g e n  an  d e n  S ek re tg ran u la .

Inlli j o  rice des rayons sur la glande sous-m axilla ire  clu rat. E lude stéréo log iq ue et m icroseopi(|ue

La g lan d e  so u s-m ax illa ire  d e je u n e s  ra ts  w istar m a le s  ad u lto s  éuú t irrad iée  avec 2000 rd (20 G y) d e  rayons X. Les e líe ts  c h ro n iq u e s  
é ta ien t é tu d ié s  p a r  la s téreo log io  e t á l’a ido  du  m ic ro sco p e  c la ss iq u e  e t é le c tro n iq u e . Las o b se rv a tio n s  o n t m o n tré  d e s  a lté ra tio n s  
d eg en e ra tiv o s  se p ro d u is a n t p e n d a n t les p re m ie rs  m o is  ap ré s  l’irrad iation . A  p a rtir  du  s ix iém e  m ois, des p ro ce ssu s  a tro p h iq u e s  se 
d év e lo p p a ie n t. D an s  la rég ion  a cinouso , l’a tro p h ie  é ta it P rog ressive  d e s  les p rem ie rs  m o is ju s q u ’au  n e u fié m e  m ois ap ré s  l’irrad iation . 
A u  n iveau  m ic ro sco p iq u e , o n  a  o b serv é  d e s  lésions a u x  m e m b ra n e s  ce llu la ire s  d e s  c an a u x  et au x  m ito ch o n d rie s . D a n s  la rég ion  
a c in eu se , les fram e n ta tio n s  n u c léa ire s  e t les a lté ra tio n s  d e s  g ra n u le s  séc ré trices  é ta ie n t Iréq u en te s .

Introduction

Several authors [2, 7, 16, 20], described the altérations 
produced by irradiation o f rat subm andibular glands up to 2 
or 3 m onths post-irradiation. Electron m icroscope studies 
were performed to describe irradiation damage in the parotid 
gland [16-18].

A s salivary glands are often irradiated during treatment o f  
pharyngeal and oral cancers and such irradiation frequently 
produces xerostomia and sialadenitis, the studies o f the 
elfect o f irradiation on salivary glands o f rnice and rats may 
contribute to evalúate the changes produced in salivary 
glands and to correlato them with pathological features 
observed.

A study comprising light and electrón microscopy and 
quantitative evaluation o fth e  salivary glands o f animals that 
have reached sexual maturity has been carried out up to 9 
m onths post-irradiation.

M aterials  and m ethods

S ixty  y o u n g -ad u lt W istar m a le  ra ts, w eigh ing  2 5 0 g, w ere  u sed  lb r this 
e x p e r im e n t. T h e  a rca  loca ted  2 to  3 m m  from  th e  clavicle up  to  th e  line 
th a t passes  b e tw ee n  th e  m ax illa ry  an g les, was irrad ia ted  w ith a single  
d o se  o f  2000 rd (20 G y) o f  X-rays.

T h e  a n im a ls  w ere  p laced  v en tra l s id e  up  in a lead  cage, th a t sh ie ld ed  th e  
body . T h e h e a d  o f th e  ra t w as sh ie ld ed  b y a n o th e r  lead  cage s m a lle r th a n  
th e  lirst o n e  a n d  a sm all w in d o w  ex p o sed  th e  a rea  to b e  irrad iated .

S ing le  d o ses  w ere  d e liv e red  by a d e e p - th e ra p y  X -ray Philip  m a c h in e  a t 
220 Kv, 14 m A  w ith  ad d e d  l iltration  o f  2 m m  A l, S T D  22,8 cm .

T h e  ra ts  w ere an es th e s iz e d  w ith  sodic  p e n to b a rb ita l (H m b u ta l, 
P arafarm  L ab .) g iven  in trap e rito n ea lly  b efo re  irrad ia tio n  (1 5 m g /k g  
b od y  w eight). N o  d ille re n c es  in feed in g  an d  d rin k in g  h a b its  w ere  
o b se rv e d  in irrad ia ted  a n d  n o n -irrad ia ted  an im als.

T h e  s u b m a n d ib u la r  an d  su b lin g u a l g lan d s  w ere  sep a ra te ly  d isse c ted  
free from  s u rro u n d in g  tissues , an d  w eighed  im m ed ia tc ly . T h e  g lan d s  
w ere  fixed  in 10% fo rm ald eh y d e , e m b e d d ed  in paraffin , an d  s ta in ed  
w ith  h e m a to x y lin e o s in  a n d  G o m o ri’s tr ich ro m e  stain , u s in g  M ay e r’s 
h e m a to x y lin  for n u c le a r  s tain ing . T h re e  slices from  each  g land  w ere  
m o u n te d . Irrad ia ted  a n d  n o n -irrad ia ted  g lan d s  w ere  s im u lta n eo u s ly  
p rocessed .

A se m i-a u to m atic  an a lyzing  system  (K o n tro n ) w as u sed  to  q u an tita - 
tively ana ly ze  g la n d u la r  c o m p o n e n ts . In te rca la ted  a n d  s tria ted  d u e ts  
w ere  e x c lu d ed  from  th is  ev a lu a tio n  d u e  to th e  irreg u lar d is trib u tio n  
o b se rv ed  in th e  tissu e  u n d e r  study.

D ata  o b ta in e d  a t 3,5 a n d  9 m o n th s  p o st-irrad ia tio n  w ere  ana ly zcd  in this 
w ork.

V o lu m e  d e n sity  an d  surface  d en sity  w ere  th e  p a ra m e te rs  u sed  in th is 
s tudy . T h e  g e n era l p rin c ip ies  for th e  co rrec t u se  o f  th e se  p a ra m e te rs  
h ave b e e n  ex ten siv e ly  d e sc rib ed  by  W eibel, K is tle ra n d  S ch erle  [20].

F o r th e  e le c tró n  ni icroscopical s tu d y , 2 an im a ls  w ere  sacril iced m o n th ly  
from  1 to  7 m o n th s  a fte r irrad ia tion . T w o sham  irrad iated  a n im a ls  w ere  
u sed  as C ontrols for each  tim e.



T h e  g lan d s  w e re  fix ed  im m e d ia te ly  a fte r sacrifice  by  im m e rs io n  in 
K am o v sk y ’s fix a tiv e  so lu tio n  [11], Sm all tis su e  p ieces  w ere  d e h y d ra te d  
in a lcoho l a n d  e m b e d d e d  in  M arag las. U ltra th in  sec tio n s  w ere  s ta in ed  
w ith  u ran y l a ce ta te  a n d  lead  c itra te  a n d  p h o to g ra p h e d  in a P h ilips 300 
e lec tró n  m ic roscope.

Results

Stereologic measurements

Tables 1 and 2 sum m arize the valúes o f the various para- 
meters evaluated in this study.

Non irradiated subm andibular glands show a net weight 
increase o f  25%, m easured betw een 5 and 11 m onths o f age. 
The rate o f weight increase was alm ost uniform during this 
period.

Irradiated glands: A t three m onths post-irradiation, X-rays 
produced a 5% w eight decrease in salivary glands. Less 
volum e was occupied by acini and granular ducts w hen  
compared to non-irradiated glands. A n important reduction  
o f about 35% was m easured for acini and a reduction o f 16% 
was calculated for ducts. Acinar surface density decreased  
20%. N o changes were m easured in ductal surface density 
(Figure 1).

P o st-irrad ia tio n
tim e

G la n d u la r  w e ig h t (g] 
C o n tro l

1
Ir rad ia ted

3 m o n th s  

5 m o n th s  

9 m o n th s

0 .278 + 0 .0 0 4  

0 .3 1 2 + 0 .0 0 2  

0.361 + 0 .1 5

0.264 + 0 .0 0 5 *  

0.255 + 0 .0 0 6 *  

0.155 ± 0 .0 0 5 *

* D iffe ren ces  b e tw ee n  co n tro l a n d  irrad ia ted  sam p les  a re  s tatistica lly  
s ign ifican t (S tu d e n t’s te s t, p ro b a b ility  0.05).

T ab le  1. S u b m a n d ib u la r  g lan d  w e ig h t va lú es  3, 5, a n d  9 m o n th s  po st- 
irrad iation .

Acini

Control 3 months 5 months 9 months

POST -1RRDIATI0N TIMES 
F ig u re  1. V o lu m e  d en sity  v a ria tio n s  o f  s u b m a n d ib u la r  g lan d  consti- 
tu e n ts  3, 5 a n d  9 m o n th s  a fte r irrad ia tion .

A t five m onths post-irradiation, glandular weight was 
reduced by 18%. The reduction o f volum e density, number 
and surface density was recorded for acini. A n increase 
in volum e density o f  duct compartment and a decrease in 
the num ber and surface density o f  ducts was m easured  
(Figure 1).

N ine m onths after irradiation, the gland weight was half that 
o f non-irradiated ones, and a reduction in surface density o f 
duct com partm ent was also detected. The num ber o f acini 
was half that o f the control valúes and a marked reduction  
was also observed in ducts. Acinar surface density increased 
by 15% (Figure 1).

Histological flndings

The submandibular gland exhibited a mild cytoplasmic 
vacuolization at 3 m onths post-irradiation, with a moderate

P a ra m e te r P o st-irrad ia tio n
tim e

A cin i
C o n tro l Irrad ia ted

G ra n u la r  d u c ts  
C o n tro l Irrad ia ted

V o lu m e 3 m o n th s 81.22 +  3.21 66.29 ± 2 .7 1 * 15.39 ± 1 .1 6 13.05 ±  1.53
(%) 5 m o n th s 82.31 +  1.54 56.91 ± 9 .6 7 * 15.08 ± 3 .2 4 20.73 ± 1 .8 2 *

9 m o n th s 76.77 ± 1 .2 1 60.27 ± 0 .8 1 * 18.13 ± 3 .9 0 1 4 .2 7 + 2 .2 5

C alcu la ted 3 m o n th s 0.255 0.175 0.042 0.034
w eig h t o f 5 m o n th s 0.256 0.145 0.047 0.052
gland
c o m p o n e n ts

9 m o n th s 0.277 0.093 0.065 0.022

N ° /m m 2 3 m o n th s 1286 ± 7 6 829 +  107* 135 ± 5 108 ± 3 4
5 m o n th s 1414 ± 1 3 6 675 ± 8 5 * 131 ±  10 118 ± 5 9
9 m o n th s 1124 ± 6 3 507 ± 5 7 * 128 ± 3 4 81 ± 5 *

S /V 3 m o n th s 1.10 ± 0 .0 4 0.85 ± 0 .0 1 * 0.29 ± 0 .0 4 0.29 ± 0 .0 5
(c r r r1) 5 m o n th s 1.03 ± 0 .1 2 0.91 ± 0 .0 2 0.35 ± 0 .0 2 0.31 ± 0 .0 8

9 m o n th s 1 ± 0 .0 3 1.14 ± 0 .1 2 - .3 6  ± 0 .0 8 0.32 ± 0 .0 3

* D iffe ren ces  b e tw e e n  c o n tro l an d  irrad ia te d  sam p les  a re  s ta tistica lly  s ig n ifican t (S tu d e n t’s te s t p ro b a b ility  0.05).

T ab le  2. Q u a n tita tiv e  d a ta  from  irrad ia ted  an d  n o n -ir ra d ia ted  s u b m a n d ib u la r  g lands.



F ig u re  3

F ig u re s  2a a n d  2b. L ig h t m ic ro sco p y : 
M ic ro p h o to g ra p h s  o f  s u b m a n d ib u la r  
g lands: a) N o n -irrad ia ted  g land . b) 3 
m o n th s  a fte r irrad ia tio n  w ith  2 0 0 0 rd 
(20 G y). V acuo la r d e g e n e ra tio n  o f  th e  
g ra n u la r  d u c tc e l ls  a n d  d ila te d  in te ra c in a r  
sp aces  b e tw ee n  acin i a re  see n . G o m o ri’s 
tr ich ro m e  s ta in  a n d  M ay e r’s h em a to x ily n  
x  160. -  F ig u res  3a a n d  3b. E lec tro n  
m ic ro sco p y :a ) S tria ted  d u c ts h o w in g d e e p  
in fo ld in g s  o f  th e  cell m e m b ra n e  a n d  
m an y  m ito c h o n d ria  in  a paralle l array. 
C o n sp ic u o u s  nu c le i o c cu p y in g  th e  c en tra l 
p o rtio n  o f th e  cell (N ), lu m e n  (L). x  1600. b) 
S tria ted  d u c t, 4 m o n th s  p o st-irrad ia tio n . 
O b se rv e  th e  d iffe ren t w id th , le n g th  an d  
d iso rg an iza tio n  o f  th e  in fo ld ings, a lte ra - 
tions  in m ito c h o n d ria  a n d  nuclei. x  2000.

degree o f  pleom orphism  am ong the acinar cells. Som e  
isolated chronic inflammatory foci were observed. During  
the first 5 m onths post-irradiation, the vacuolar degenerative 
changes predominated. At 5 m onths post-irradiation, the 
acinar mass was greatly reduced. Som e cells showed a 
disrupted cellular m em brane and the secretory material 
form ed som e dense masses. It was possible to observe som e 
binucleated cells and nuclear pleom orphism . Som e nuclei 
looked pyknoticand others enlarged. Som e acini losecontact 
with each other and were surrounded by fibrous tissue 
(Figures 2a, b).

The granular ducts appeared degranulated at 3 m onths post- 
irradiation. Granular and striated cells presented vacuolated

cytoplasm, which in som e sites made the lum en collapse. In 
others, an amorphous material filled the lum en o f  the 
striated ducts. T hese changes were not uniform throughout 
the gland, specially at 9 m onths post-irradiation and two 
different aspects could be described: C ióse to the hilium, 
atrophic im ages o f ducts and acini were observed with large 
spaces occupied by fibrosis. N evertheless, at the opposite 
side o f  the gland, som e ducts had recovered the secretory 
granules and the acini looked normal, but som e anysocario- 
sis and anysocytosis were observed.

Ultrastructural injuries

Important changes were induced by X-irradiation on the  
ultrastructure o f the salivary glands:

F ig u re  4 F ig u re  5 F ig u re  6

F ig u re  4. N o rm a l acin i. N o te  th e  lu m e n  (L), sec re to ry  cana licu li (* ) ,  a n d  a c in a r cell nuc le i (N ), sec re to ry  g ra n u le s  (sg), e n d o p la sm ic  re tic u lu m  a re a  (e), 
in te ra c in a r s p a c e (l) . x  1500. -  F ig u re  5. Irra d ia te d  acin i 3 m o n th s  a fte r irrad ia tio n , sh o w in g  d ila ted  in te ra c in a r  sp aces  (is) a n d  h e te ro g e n e o u s  sec re to ry  
g ra n u le s  (sg). x  1400. -  F ig u res  6a a n d  6b. a) P o r tio n  o f  a n o rm a l a c in a r  cell sh o w in g  d e n se  en d o p la sm ic  re tic u lu m  (e), so m e  d ila ted  c is te rn ae  (g), 
p re c ee d in g  th e  g ran u le  fo rm atio n  (sg ), m ito c h o n d ria  (m ), n u c le o u s  (N ). x  9000. b) P o rtio n  o f a n  a c in a r  cell, o n e  m o n th  a fte r 2000 rd (20 G y) X-rays. 
G ra n u la r  m a te ria l o ccu p y in g  th e  cen tra l p o rtio n  o f  d e n se  sec re to ry  g ra n u le s  (♦ ) . N u m e ro u s  h y p e rtro p h ied  G olg i c is te rn ae  sca tte re d  in th e  cy top lasm . 
S o m e  m y e lin e  b o d ie s  a re  se e n  (★). x  7500.



Figure  7 F ig u r e S  F igu re  9

Figure  7. l r rad ia ted  ae ina r  eell sh o w in g  frae t iona ted  n u e le o u s  (N) a n d  lipid bod ies ,  3 m o n th s a f t e r i r r a d i a t i o n ,  X4200 .  -  F igure  8. N o rm a l  s tr ia ted d u e t  
X8000.  -  F igure  9. l r r ad ia te d  s tr ia ted duet.  O b se rv e  th e  a l t e ra t io n in  th e  m e m b r a n e  in fo ldings an d  th e  a s im m etr ic  d i s p o s i t io n o f  th e  m i to c h o n d r ia ,  two 
m o n th s  af te r  ir radiation  x  5000.

F ig u re lO  Figure  11 F igure  12

Figure  10. G r a n u la r  d u e t  show ing  w ide dark  g ran u la r  cells vvith p lenty  o f la rg e  o r  small d e n s e  secre to ry  granules .  L u m e n  (L), n u e le o u s  (N). x  1200. -  
F igure  11. l r r ad ia te d  g ra n u la r  duet.  N o te  th e  d e c r e a s e o f  th e  secre to ry  g ra nu le s  (>J<) a n d  th e  al te ra t ion  in th e  apical  por t ion  o f  t h e  sec re to ry  cell. F r inges  
ofce l lu  lar mate r ia l h a v e m e r g e d  in to  th e  lu m e n  (* ) .  Tw o  m o n th s a f te r i r r a d ia t io n .  X4000.  -  F igure  12. I n t e r a c in a r s p a c e o f a n  ir rad ia tedae in i .  Co llagen  
f ragm en ts  (* ) ,  i r r e g u l a r a r r a y s o fe n d o p la s m ic  re t icu lum  ( * ) , w i d e n e d  basal  m e m b r a n e  an d  f r ag m c n ts o fc y to p la sm ic  mate ria l are  s ee n  occupy ing  the  
in te rac inar  space  o f  an  ir rad ia ted  acini. 4 m o n th s  af te r  ir radiation  x  7000.

Collagen fragments and endoplasmic reticulum remnants 
were observed scattered in dilated interacinar spaces (Fig­
ure 13).

Regarding cellular components of acini, secretory granules 
were notably affected exhibiting internally, traces of endo­
plasmic reticulum-like structures. Dense mitochondria, 
dilated Golgi cisternae, lipid bodies and fragmented nuclei 
were frequently observed in acinar cells (Figures 5-8).

Irregular arrangements of g ra n u la r d uet cellular compo­
nents, small num ber of secretory granules and important 
alterations of the cell membrane in the apical portion of the 
cell, were found one month post-irradiation. Disorganized 
basal lamina and higher density of mitochondria were

observed. The lumen of the duets was often obliterated by 
fringes of membranes.

Cellular membranes and mitochondria were the most 
affected structures of str ia ted  duet cells. Mitochondria 
exhibited altered shape, higher electrón density, and parallel 
infolding disposition was lost. Basal lam¡na was widened and 
disorganized. No fragmented nuclei were observed in ductal 
cells (Figures 9-12, 14).

Discussion

This study reveáis that salivary glands are severely affected 
by X-radiation. Some interesting quantitative data which 
correlate well with histological findings are pointed out.



F ig u re  13. B asal m e m b ra n e  o f a  sec re to ry  d uc t. O b se rv e  th e  w id th  an d  
d iso rg an iza tio n  o f  th e  co llagen  frag m e n ts  3 m o n th s  p o st-irrad ia tio n .

The acinar compartment presented a continuous decrease in 
volum e density and number, that could be interpreted as an 
expression o f atrophic processes occurring after ¡rradiation, 
although at 9 m onths, a slight recovery could be suggested.

Previous descriptions o f granular ducts regarded them as 
being particulary convoluted and longer in m ales [13], with 
irregular cross sections images. Considering this and our own 
results, granular ducts would react increasing their diam eter 
and either shortening their course or becom ing straighter. 
T hese characteristics were evident 5 m onths after irradiation 
but 9 months after the onset o f the experim ent, ducts would  
becom e shorter and the diam eter markedly decreased, 
because atrophic processes were developing, but later than 
in the acinar compartment.

D egenerative changes in irradiated salivary glands have 
been observed by other authors, both with light and electrón 
m icroscopy [2, 15, 17]. A decrease in the weight o f acinar 
com ponents about 30%, 5 m onths post-irradiation, and 
about 21%, 9 m onths post-irradiation was found in this 
experim ent, coincidently with Van den Brenk, Sparrow and 
M oore findings [19], despite the different conditions used.

The stereological study showed that acinar volum e density 
decreased in irradiated specim ens. H ow ever, this variation is 
less marked at 9 m onths post-irradiation, indicating the 
possibility o f a regenerative process.

In our observations the presence o f  normal acini near the 
granular ducts filled with granules, may indícate that 
regeneration frorn ductal cells can be suggested. Glucksman  
and Cherry [8] postulated that regeneration from X-irradia- 
tion injuries is not likely to occur via the multiplication of
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F ig u re  14. S c h em a tic  re p re s e n ta tio n  o f  th e  c h an g es  p ro d u c e d  in acin i 
an d  g ra n u la r  d u c ts  a t difTerent p o st-irrad ia tio n  tim es, in fe rred  a fte r 
stereo log ica l analysis.

duct or intercalated duct cells, but by the replacem ent o f acini 
by m eans o f their own reproductive activity.

At ultrastructural level it has long been known that acini were 
the first constituents that showed morphological changes 
caused by ¡rradiation. Nevertheless, injury to the cell 
m em brane o f intralobular ducts was seen  only after 2 m onths 
post-irradiation. Irradiation treatments have been reported 
to produce increased viscosity o f salivaand acidic pH [3]. This 
could be attributed to the damage induced by irradiation to 
ductal cell mem brane. Several authors have associated the 
cell m em brane with water m etabolism  and ion transport in 
other epithelia and in salivary gland striated ducts [10,14]. 
M em brane injury and an uncontrolled accumulation o f  
Ca2++ can be the com m on pathway to cell death [9].

Fragmented nuclei, lipid inclusions and deeply altered 
mitochondria were observed in acinar cells one m onth after 
irradiation. Klein Szanto et al. [12] and other authors [4, 5], 
described these features in other irradiated tissues. N either 
fragmentation ñor lipid inclusions have been noticed in 
ductal cells.



Castle, Jam ieson and Palade [1J, described the normal 
pattern o f acinar granule formation ofrabbit parotid gland. 
This formation begins in the endoplasm ic reticulum and 
Golgi apparatus. Abnormal acinar secretory granules could  
be ascribed to the damage o f endoplasm ic reticulum and 
Golgi apparatus observed in the specimens.

The presence o f  wide clear spaces with collagen disorganiza- 
tion could be observed with light and electrón microscopy. 
Stereologic calculations support these observations, 
although no replacem ent o f  collagen fibers was likely to 
occur until 7 m onths post-irradiation. Later on, som e  
portions o f the gland were filled with collagen structures.

T hese results dem onstrated that both acinar and ductal 
structures o f  subm andibular gland o fth e  rat are injured by 
X-rays. A n earlier acinar damage was detected and was 
followed by ductal cell injury. This ditTerence m ay be due to 
the length o f tim e required for the cell ular injury to becom e  
manifested.

An attempt is made to graphically interpret the numerical 
results (Figure 14).
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