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Port ions of the duodenum, jejunum, and ileum of sexually mature rats  and mice were studied 
under light and electron microscopes  on the third andfourt.h days after  i rradiat ion in doses of 
1000, 1500, 7000, and 15,000 R. Denudation of the s t roma  of individual villi was observed 
in paraffin sections of the mucous membrane of the small  intestine 3-4 days after  i r rad ia -  
tion. However, examination of thin and semithin Epon sections under the light microscope 
and of ultrathin sections in the electron microscope  showed that the villi always were covered 
by enterocytes ,  the cytoplasm of which was loaded with lipid droplets and showed loss of its 
s t ruc tura l  details. In the intestinal form of acute radiation sickness intravital  denudation of 
the villi thus does not take place and its existence in paraffin sections is the resul t  of unsuit-  
able t rea tment  of the material .  
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It has been asser ted  in the recent  radiobiological  l i terature that 3-4 days after  i rradiat ion of animals 
in doses ofl000 R or  more  considerable a reas  of the s t roma of the mucous membrane of the small  intestine 
become denuded [1, 2, 8, 9], with a result ing disturbance of the water and salt balance in the body [10] and 
leading ultimately to death of the animals [5, 8]. During the investigation of paraffin sections of the small  
intestine f rom rats  and mice, the present  wri ters  also observed denudation of the villi, but on analysis of 
thin and semithin Epon sections in the light microscope and also of ultrathin sections in the electron mi-  
croscope,  a different picture was Observed. These findings are  discussed below. 

E X P E R I M E N T A L  M E T H O D  

Experiments were carr ied out on 20 sexually mature Wistar and August rats ,  25 noninbred mice, and 
15 CBA mice. The animals were irradiated on the Gamma-Cel l -220 apparatus in doses of 1000, 1500, and 
7000 R (dose rate  30 R/sec)  and on the Gub-20,000 app{~ratus in doses of 1000 and 15,000 R (dose rate  83.4 
R/rain). Pieces of t issue for histological and e lec t ron-microscopic  investigations were taken f rom the duo- 
denum, jejunum, and ileum 72 and 96 h after  irradiation. In the f i rs t  case,  a reas  of intestine were fixed in 
10% neutral  formalin solution and in Bouin's and Carnoy ' s  fluids. The mater ia l  was embedded in paraffin 
wax. Sections 5-6 p in thickness were cut longitudinally and t r ansver se ly  and stained with hematoxyl in-  
eosin and Schiff 's reagent  and counterstained with methyl green. Pieces of t issue for electron microscopy 
were fixed by Palade 's  method and embedded in Epon 812 after the standard treatment.  These Eponseetions 
were cut under a binocular loupe by means of a safety r azo r  blade and studied under the light microscope  
unstained. Semithin (1-2 p) sections, and later ultrathin sections (500-700 A) f rom the same block were 
cut on the LKB ultratome.  Ultrathin sections were studied in the IEM-5y electron microscope.  
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Fig. 1 Fig. 2 

Fig. 1. Denudation of apices of villi on t h i r d d a y a f t e r  whole-body irradiat ion of mice 
in a dose of 1000 R. Paraffin, hematoxy l in -eos in ,  120 x, 

Fig. 2. Osmiophilia of epithelium covering villi on th i rd  day after  whole-body i r rad ia -  
tion of mice in a dose of 1000 R. Epon 812, unstained section, 180 x. 

Fig. 3. Enterocyte  f rom apex of 
villus. Cluster  of lipid drops and 
edema of basal  par t  of cell  on third 
day after  whole-body irradiat ion of 
mice i n a d o s e  of 1000 R. Epon812,  
ultrathin section, 2200 x. 

E X P E R I M E N T A L  R E S U L T S  

Examination of histological  sections from wide areas  of 
the duodenum, jejunum, and ileum showed that 3-4 days after  
i r radiat ion the villi were covered by enterocytes  of the third 
type [8]. The apices of individual villi were denuded of their 
covering epithelium and the s t r o m a w e r e i n  direct  contact with 
the intestinal contents (Fig. 1). This histological picture of the 
mucous membrane  of the small  intestine is the same as that 
given in the l i terature and it shows that immediately before death 
of the animals certain parts  of the s t roma of the mucous mem-  
brane were denuded. Destructive changes in the epithelium cov- 
ering the villi and the denudation of their  s t roma were more  
marked in animals irradiated with smal le r  doses 1000-1500 R) 
than with high doses (7000-15,000 R). 

However, the study of thin and semithin Epon sections of 
the intestinal mucosa of these same irradiated animals failed to 
revea l  any denuded villi. In these sections the apices of the villi 
and their  lateral  surfaces  were covered by strongly osmiophilic 
cells (Fig. 2). The osmiophilia of the apices of the villi were 
more marked after  i rradiat ion in doses of 1000-1500 R. Elec-  
t r on -mic roscop ic  investigation also showed that the s t roma of 
the villi were always covered with enterocytes ,  although their 
u l t r as t ruc tu ra l  organization was extremely modified (Fig. 3). 

It can be concluded f rom these resul ts  that denudation of 
the villi does not take place after i r radiat ion in the doses speci-  

lied. The phenomenon of denudation of the villi observed in histological paraffin sections is always the r e -  
sult of removal  of the enterocytes  during process ing  of the material .  This happens as follows. As Fig. 2 
shows, the apices of the villi a re  covered with s trongly osmiophilic cel ls ;  these cells,  as Fig. 3 shows, are 
loaded with lipid granules  and their  organoids are  great ly  reduced. The degree of lipid loading var ies  be- 
tween individual cells and also in the villi as a whole. Considering this fact, and knowing that lipid drops 
are  readi ly  dissolved in organic compounds (during histological t rea tment  xylol or chloroform is always 
used) removal  of the lipid drops f rom the enterocytes  must certainly be expected. In fact, in paraffin sec-  
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t ions la rge  numbers  of en te rocytes  with vacuoles  in the i r  cy top lasm can be seen.  These  vacuoles  c o r r e -  
spond to a r ea s  of cy toplasm which have lost thei r  lipid granules .  If the cel l  is ex t r eme ly  overloaded with 
lipid granules  (Fig. 3) and contains vi r tual ly  no organoids,  a f t e r  solution of the lipids the res idua l  pa r t  of the 
cy top lasm w i l l b e  so s t ruc tu ra l ly  d isorganized that it is readi ly  des t royed during his tological  t r e a t m e n t  or  
can no longer be posi t ively stained. As a r e su l t  the false  impres s ion  of denuded vil l i  is c rea ted ,  With m o r e  
mass ive  doses  of i r rad ia t ion  (7000-15,000 it), when lipid loading of the en terocytes  is slight in degree ,  no 
denuded vil l i  a re  seen  in the sect ions.  

Yet another  fac tor  that could produce denudation Of the villi  must  also be considered.  This is the de-  
genera t ive  change and edema of the s t r om a  in the tunica p ropr i a  of the mucous membrane  which develop 
in the late s tages  a f te r  i r rad ia t ion  [3, 4, 6, 7]. Edema fluid accumula tes  chiefly around the cap i l l a r ies  of 
the basemen t  m e m b r a n e  of the tunica p rop r i a  and between it and the en te rocy tes ,  producing in t raee l lu la r  
edema and displacing the organoids into the pe r inuc lea r  zone. This makes  the cover ing epithelium, a l ready  
damaged by radiat ion,  additionally vulnerable .  These two fac to r s ,  high lipid loading of the en te rocytes  and 
necrobiot ic  changes in the s t roma,  which take place  in the t e rmina l  s tage of acute radiat ion s ickness ,  lead 
to denudation of the vi l l i  during p rocess ing  of the ma te r i a l ,  and this phenomenon has been looked upon by 
many inves t iga tors  as taking place  during life. Considering the observat ions  descr ibed  in this paper ,  the 
wr i t e r s  consider  that  caution is n e c e s s a r y  when in terpre t ing  this fact .  
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