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The phenomenon desc r ibed  in this pape r  is evidence that  views on the sources  of epi thel ium in the en- 
t e r a l  medium evidently r equ i re  cor rec t ion .  

EXPERIMENTAL METHOD 

The ma te r i a l  for  examinat ion  under  a b inocular  loupe consis ted  of 205 samples  of the contents of d i f fe r -  
ent por t ions  of the smal l  intest ine of dogs with mult iple  f is tulas  and 167 biopsy spec imens  of mucous m e m -  
b rane  obtained f rom different  pa r t s  of the smal l  intest ine by means  of forceps  f r o m  dogs with mult iple f is tulas  
and fron intact  dogs during operat ions  to f o r m  f is tulas  and for  r e sec t ion  of the intest ine,  all  of which were  
fixed in 12% neut ra l  fo rmal in  solution. Biopsy spec imens  of intest ine were  s t ra ightened under  the b inocular  
loupe, fixed with 124 neut ra l  fo rmal in  solution, and studied whole, using methods  o fnon t raumat ic  m i c r o d i s s e c -  
tion to allow a complete  investigation,  morphomet ry ,  and counting of the villi. Microscopic  p repa ra t ions  of 
individual f o r m s  of villi were  obtained by a spec ia l  technique [2] f rom se r i a l  longitudinal and t r a n s v e r s e  
paraf f in  sect ions 3-5 ~ thick. 

EXPERIMENTAL RESULTS 

Morphological  examinat ion of the intest inal  contents revea led ,  in 5% of the samples ,  vil l i  with s t r e a m -  
lined ends, i .e. ,  with no sign of injury such as mus t  inevi tably a r i s e  in the case  of de tachment  f rom the mu-  
cous m e m b r a n e ;  in 49~ of intest inal  s amples  these villi  we re  s m a l l e r  than usual  and were  denuded of epi-  
thelium (Fig. l a ) .  

During the study of whole intest inal  b iopsy spec imens ,  at tention was drawn to the s imi l a r i t y  of the "free" 
villi  f rom the intest inal  s amples  to villi  which were  usual ly  taken to be  detached during excis ion of the piece 
of mucous membrane .  In fact ,  i t w a s  f0und that- in all  cases ,  i r r e s p e c t i v e  of the region of the intest ine or  the 
method of biopsy,  bes ides  detached surplus  epi thel ial  s t ruc tu res ,  " f r ee"  villi  of d i f ferent  shapes  and s izes  
and also round smooth bodies of  uncer ta in  nature  we re  chaot ical ly  d is t r ibuted in the mucous deposi ts  on the 
su r face  of the mucous m e m b r a n e  (Fig. lb) .  Some such vil l i  had the typical  apex and a round or indeterminate ,  
but s t r eaml ined  basa l  end with only a local  defect  of the cover ing  layer ,  and f requent ly  with branching of a 
na r row  fold or  f i lm c lose  to it; o thers  we re  nonpolar  because  both ends were  atypical .  Among these two types 
there  were  o ther  f o r m s  with a cons t r ic t ion  band in the middle or  n e a r  one end (Fig. l c ) .  The region of the 
cons t r ic t ion  was usual ly  m a rked  by a thin fold or  fi lm, and it va r ied  in d is t inctness :  f r o m  a hard ly  p e r c e p t i -  
ble to a deep fur row and f r o m  par t i a l  to max ima l  cons t r ic t ion  with rounding of the neighboring pa r t s  of one 
or  different  s ides.  

Ser ial  mic roscop ic  p repa ra t ions  of the " f r ee"  villi  and the round bodies  f r o m  the deposi ts  we re  c h a r a c -  
t e r i zed  by the typical  s t ruc tu re  of intest inal  vil l i  without any marked  in f l ammato ry  reac t ion  (Fig. 2e).  Villi 
f r o m  the intest inal  contents in some ca se s  p r e s e r v e d  the typical  m i c r o s t r u c t u r e ,  but in o thers  they showed 
signs of autolysis  (Fig. 2a, b) .  The s t reaml in ing  of the atypical  ends of the " f r e e "  villi  was due to c l ea r  de-  
marca t ion  of the local  defect  of the epithelial  cove r  by the ba semen t  m e m b r a n e  (Fig. 2 f ) ;  the epi thel ium ad- 
jacent  to this region was lower  than the r ema inde r ,  with crowding of the en te rocy tes  and nuclei at  the s ame  
level  (Fig. 2d). The b ranches  on the a typical  ends and in the region of the cons t r ic t ion  of the " f r ee "  villi  were  
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Fig. 1. Shapes of whole villi with d i rec t  and indirect  fea tu res  of the phenomenon: a) 
" f ree"  villi f rom intestinal samples;  b, c, g) "f ree"  villi f rom mucous deposits on biopsy 
specimens:  of different sizes (b), with signs of a constr ic t ion ring (c), before and after  
remaining 5 and 9 days in chyme in vitro (g); d, e, f) villi f rom mucous membrane  of 
biopsy mater ia l :  with signs of detachment in one piece (d), detachment of distal f rag-  
ment (e), and shortening after  detachment of distal f ragment  (f). 20 x 

formed by flattened epithelium, denuded of basement membrane, with small nuclei, i.e., they were identical 

with the surplus epithelial structures which develop in the crypts and in the region of their mouths [ I] ; at the 

sites of branching of the flattened epithelium, at the level of the constriction, the basement membrane ap- 

peared "vacuolated," and an agglomeration of such vacuoles or spaces joined the rounded parts when a deep 

constriction was present (Fig. 2e, g). 

Counting the total number of villi in the mucous membrane and the total number of "free" villi and 

round bodies in deposits in 18 intestinal biopsy specimens showed that the number of structures in the de- 

posits of each biopsy specimen varied considerably, but at different stages of digestion the number did not 

differ significantly and accounted on average for about 50% of the total number of villi in the mucous mem- 
brane of the biopsy material (M + m = 55 i 13). Up to one-third of villi of the biopsy material was the aver- 

age proportion of "free" villi of the usual length (M • m = 26 i 9); a tendency was found for their number to 

increase significantly 3 h after feeding: 80 ~: 4 compared with 5 • 3 in a fasting state and 32 ~: 14 6 h after 
feeding. 

In the mucous membrane  of whole intestinal biopsy specimens,  var iously  shortened villi a r ranged singly 
or  in groups among the mass  of remaining villi could be observed;  the tip of many of the shortened villi 
showed the same distinguishing features  as the atypical ends and region of constr ic t ion of the "free"  villi 
(Fig. If; Fig. 2h), Altogether  these shortened villi accounted for not less than 10% of the total number  of villi 
of the biopsy specimens.  Both ord inary  and shortened villi with a constr ict ion,  and more  likely than not with 
pinching off the distal par t  of var ied size, were found in the mucous membrane  (Fig. le). These pictures  co-  
incided fully with the signs of constr ic t ion of "free"  villi, they were  observed at all levels as far  as the base 
inclusive, and simultaneously at different levels of the villi, and they varied in degree:  f rom a hardly pe rcep-  
tible boundary to separat ion of the distal f ragment  of the villus f rom its basal  part ,  o r  of the villus as a whole 
f rom the basal  layer  of the mucous membrane.  In the las t  case (Fig. ld) their  base was rounded and was con- 
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Fig. 2. Direc t  and indi rec t  f ea tu res  of the phenomenon in mic roscop ic  sect ions through indi- 
vidual f o rms  of villi:  a, b) " f r ee "  villi  f r o m  intest inal  s amples  without and with autolysis ,  
respec t ive ly ;  c, d, e, f, g) " f r e e "  villi  f r o m  mucous deposi ts  on b iopsy spec imens :  with 
branching of the fold (c) ,  with a defect  of the epi thel ium (f),  and with low epi thel l ium (d) at 
the basa l  end, and with a va r i ed  degree  of cons t r ic t ion  (e, g) ; h) tip of shor tened villus with 
defect  of cove r  and with branching of bands of f lat tened epithelium. Stained with hemotoxy-  
l in -eos in  (a, b. % f, g, h) and by Van Gieson ' s  method (e, d).  Magnification: 130 x (a, c, e); 
200• (b, d, f, g, h), 

nected to the underlying t i s sue  by  a stalk,  and as this grew thinner,  the vi l lus could sepa ra t e  f r o m  the mucous 
m e m b r a n e  without leaving any vis ible  t race .  The apical  su r face  of the s tump fo rmed  by pinching off of the 
d is ta l  f r agment  became  s i m i l a r  to the apex of a shor tened vil lus,  and with the a typical  ends of the "free" villi  
(see:  Fig. le,  f; Fig. 2f, g) .  On ave rage  about 6% of the villi  were  in the "pinching off" s tate,  whereas  up to 
4% of villi  in the b iopsy  spec imens  were  shortened,  with cor responding  fea tures .  

By compar ing  the resu l t s  desc r ibed  above it was poss ib le  to identify apical  pa r t s  of villi  which w e r e  
pinched off but not ye t  comple te ly  detached, thei r  l a r g e r  dis ta l  f r agments ,  whole vil l i  with the round bodies,  
and the po la r  " f r ee "  villi,  on the one hand, and the pa r t l y  and comple te ly  detached, p rev ious ly  shor tened  vil l i  
with t henonpo la r  " f r e e "  villi  of the deposi ts ,  on the other  hand. In o ther  words ,  the " f r ee "  vil l i  and round 
bodies  we re  nothing m o r e  than whole and shor tened villi  and their  d is ta l  f r agment s ,  detached into the deposi ts  
on the su r face  of the mucous m e m b r a n e  a f te r  being pinched off, and which subsequent ly  pa s sed  into the in tes-  
tinal lumen. 

The p r e sence  of components  of the vil l i  with signs of autolysis  in the intest inal  contents is object ive 
evidence that thei r  detachment  f rom the mucous m e m b r a n e  was an in t ravi ta l  phenomenon. Meanwhile, the  ab -  
sence of any significant d i f ferences  between components  of the villi  in the deposi ts  and villi  of the mucous  
m e m b r a n e  and the absence  of signs of any degree  of injury to them by the digest ive  juices sugges t  that this 
phenomenon may  also be in te rp re ted  as an a r t i f ac t  of the b iopsy  method. To shed light on this p rob l em ex-  
p e r i m e n t s  were  c a r r i e d  out in which mucous deposi ts  f r o m  detached por t ions  of villi  we re  sepa ra t ed  f r o m  
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biopsy m a t e r i a l  and kept  for  1-9 days in an incubator  at  39~ in the liquid f rac t ion  of chyme,  and in physiolog-  
ical  sal ine as the control .  On the 1st day the detached components  of the villi  in the control  expe r imen t s  were  
denuded of the i r  cover ,  which was found in the f o r m  of caps  and sheaths in the mucous and in the  physiological  
sal ine,  whereas  in chyme they showed no vis ible  changes and were  indist inguishable in s t ruc tu re  f r o m  com-  
ponents of the vil l i  f r om the intest inal  samples .  On the 3rd-9th day of thei r  s tay  in the d iges t ive  medium the 
detached components  of the villi ,  although p r e s e r v i n g  the i r  typical  shape,  we re  much s m a l l e r  than init ial ly 
(Fig. lg ) ,  and in mic roscop ic  sect ions  of them the s ame  p ic ture  of autolysis  could be seen as in components  
of tile villi in the intestinal samples obtained from fistulas in dogs. Consequently, the experiments in vivo and 
in vitro showed that the detached villi and their fragments were resistant to the intestinal medium, even after 
partial or total loss of their epithelial cover. 

These investigations thus show that villi of typical and altered size are detached or become shortened 
as a result of separation of a distal fragment of varied size. This process is evidently preceded by local 
separation of the epithelium from the basement membrane, with removal of enteroeytes, arriving from the 
crypts and becoming atypical under these circumstances, into a fold, the rupture of which causes exposure of 
the basement membrane which, in this region, assumes the position of an outer membrane. Information on 
stability of the basement membrane of the villi in the absence of the epithelium [5, I0, 13] can explain the 
structural integrity not only of the villi as they are being pinched off, but also of the villi and fragments which 
are detached. This phenomenon raises the question of its role in the development of pathomorphological 
changes in the su r f ace  of the mucous  m e m b r a n e ,  and a lso  in the well-known pathological  fac t  of the i nc rea sed  
influx of epi thel ium into the lumen of the sma l l  intes t ine [4]. 

On the bas i s  of the resu l t s  desc r ibed  above,  the phenomenon of detachment  of intest inal  villi  and of the i r  
d is ta l  f r agmen t s  can be r ega rded  as an intravi ta l ,  nonspeci:fic, and uni form p r o c e s s  which, together  with 
ext rus ion  of the en te rocy tes  and de tachment  of surplus  epithel ial  s t r uc tu r e s ,  independently of the en t ry  and 
digest ion of food, fac i l i ta tes  the sy s t ema t i c  supply of epi thel ium and other  endogenous m a t e r i a l s  to the in tes -  
tinal medium.  Since the mucous m e m b r a n e  of the smal l  intest ine in organotypica l  cu l tures  in v i t ro  can main-  
tain both the s t r u c t u r e  and functional act ivi ty  of the en te rocy tes  for  24-48 h [3, 6-9, 11, 12], it is by no means  
improbab le  that s t ruc tu ra l  e lements  detached f r o m  it can par t i c ipa te  in the p r o c e s s e s  of luminal  digestion.  
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